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ciation, Annual  Subscribers,  or  Associates  for  the  year,  subject  to  the 
approval  of  a  General  Meeting. 

Compositions,  Subscriptions^  and  Privileges. 

Life  Members  shall  pay,  on  admission,  the  sum  of  Ten  Pounds.  They 
shall  receive  gratuitously  the  Reports  of  the  Association  which  may  be 
published  after  the  date  of  such  payment.  They  are  eligible  to  all  the 
offices  of  the  Association. 

Ak^tual  Subscribebs  shall  pay,  on  admission,  the  sum  of  Two  Pounds, 
and  in  each  following  year  the  sum  of  One  Pound.    They  shall  receive 
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gratuitously  the  Reports  of  the  Association  for  the  year  of  their  admission 
and  for  the  years  in  which  they  continue  to  pay  without  intermissicn  their 
Annnal  Subscription.  By  omitting  to  pay  this  snbscription  in  any  par- 
ticular year,  Members  of  thin  class  (Annual  Subscribers)  lose  for  that  and 
all  future  yea/rs  the  privilege  of  receiving  the  volumes  of  the  Association 
gratis  ;  but  they  may  resume  their  Membership  and  other  privileges  at  any 
subsequent  Meeting  of  the  Association,  paying  on  each  such  occasion  the 
sum  of  One  Pound.  They  are  eligible  to  all  the  offices  of  the  Association. 
Associates  for  the  year  shall  pay  on  admission  the  sum  of  One  Pound. 
They  shall  not  receive  gratuitously  the  Reports  of  the  Association,  nor  be 
eligible  to  serve  on  Committees,  or  to  hold  any  office. 

The  Association  consists  of  the  following  classes : — 

1.  Life  Members  admitted  from  1831  to  1845  inclusive,  who  have  paid 
on  admission  Five  Pounds  as  a  composition. 

2.  Life  Members  who  in  1846,  or  in  subsequent  years,  have  paid  on 
admission  Ten  Pounds  as  a  composition. 

3.  Annnal  Members  admitted  from  1831  to  1839  inclusive,  subject  to 
the  payment  of  One  Pound  annually.  [May  resume  their  Membership  after 
intermission  of  Annual  Payment.] 

4.  Annual  Members  admitted  in  any  year  since  1839,  subject  to  the 
payment  of  Two  Pounds  for  the  first  year,  and  One  Pound  in  each 
following  year.  [May  resume  their  Membership  after  intermission  of 
Annual  Payment.] 

5.  Associates  for  the  year,  subject  to  the  payment  of  One  Pound. 

6.  Corresponding  Members  nominated  by  the  Council. 

And  the  Members  and  Associates  will  be  entitled  to  receive  the  annual 
volome  of  Reports,  gratis^  or  to  pxirchase  it  at  reduced  (or  Members') 
price,  according  to  the  following  specification,  viz. : — 

1.  Gratis. — Old  Life  Members  who  have  paid  Five  Pounds  as  a  compo- 

sition  for  Annual  Payments,  and  previous  to  1845  a  further 
sum  of  Two  Pounds  as  a  Book  Subscription,  or,  since  1845, 
a  further  sum  of  Five  Pounds. 

New  Life  Members  who  have  paid  Ten  Pounds  as  a  composition. 

Annual  Members  who  have  not  intermitted  their  Annual  Sub- 
scription. 

2.  At  reduced  or  Members*  Prieej  viz.,  two-thirds  of  the  Publication  Price. 

— Old  Life  Members  who  have  paid  Five  Pounds  as  a  compo- 
sition for  Annual  Payments,  but  no  further  sum  as  a  Book 
Subscription. 

Annual  Members  who  have  intermitted  their  Annual  Subscription. 

Associates  for  the  year.  [Privilege  confined  to  the  volume  for 
that  year  only.] 

3.  Members  may  purchase  (for  the  purpose  of  completing  their  sets)  any 

of  the  volumes  of  the  Reports  of  the  Association  up  to  1874, 
of  which  more  than  15  copies  remain,  at  2s,  6d,  per  volume.^ 

Application  to  be  made  at  the  Office  of  the  Association. 
Volumes  not  claimed  within  two  years  of  the  date  of  publication  can 
only  be  issued  by  direction  of  the  Council. 

Subscriptions  shall  be  received  by  the  Treasurer  or  Secretaries. 

>  A  few  complete  sets,  1831  to  1874,  are  on  sale,  at  £10  the  set. 
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Meetings. 

The  Association  shall  meet  annually,  for  one  week,  or  longer.  The 
place  of  each  Meeting  shall  be  appointed  by  the  Oeneral  Committee  two 
years  in  advance ;  and  the  arrangements  for  it  shall  be  entrusted  to  the 
Officers  of  the  Association. 

GenercU  Committee. 

The  General  Committee  shall  sit  during  the  week  of  the  Meeting,  or 
longer,  to  transact  the  business  of  the  Association.  It  shall  consist  of  the 
following  persons :— • 

Class  A.    Permanent  Membebs. 

1.  Members  of  the  Council,  Presidents  of  the  Association,  and  Presi- 
dents of  Sections  for  the  present  and  preceding  years,  with  Authors  of 
Reports  in  the  Transactions  of  the  Association. 

2.  Members  who  by  the  publication  of  Works  or  Papers  have  fur* 
thered  the  advancement  of  those  subjects  which  are  taken  into  considera- 
tion at  the  Sectional  Meetings  of  the  Association.  With  a  view  of  sub- 
miUing  new  claims  under  this  Mule  to  the  decision  of  the  Gouneil,  they  must  he 
sent  to  the  Assistant  Oeneral  Secretary  at  least  one  month  before  the  Meeting 
of  the  Association.  The  decision  of  the  Council  on  the  daims  of  amy  Member 
of  the  AssodaUon  to  be  placed  on  the  list  of  the  Oeneral  Committee  to  be  final. 

Class  B.    Temporabt  Membebs.^ 

1.  Delegates  nominated  by  the  Corresponding  Societies  under  the 
conditions  hereinafter  explained.  Claims  under  this  Bute  to  be  sent  to  the 
Assistant  Oeneral  Secretary  before  the  opening  of  the  Meeting. 

2.  Office-bearers  for  the  time  being,  or  delegates,  altogether  not  ex- 
ceeding three,  from  Scientific  Institutions  established  in  the  place  of 
Meeting.  Claims  wnder  this  Rule  to  be  approved  by  the  Local  Secretaries 
before  the  opening  of  the  Meeting. 

3.  Foreigners  and  other  individuals  whose  assistance  is  desired,  and 
who  are  specially  nominated  in  writing,  for  the  Meeting  of  the  year,  by 
the  President  and  General  Secretaries. 

4.  Vice-Presidents  and  Secretanes'of  Sections. 

Organising  Sectional  Committees:^ 

The  Presidents,  Vice-Presidents,  and  Secretaries  of  the  several  Sec- 
tions are  nominated  by  the  Council,  and  have  power  to  act  until  their 
names  are  submitted  to  the  General  Committee  for  election. 

From  the  time  of  their  nomination  they  constitute  Organising  Com- 
mittees for  the  purpose  of  obtaining  information  upon  the  Memoirs  and 
Reports  likely  to  be  submitted  to  the  Sections,'  and  of  preparing  Bepoi*ts 

*  Beyised  by  the  Oeneral  Committee,  1884. 

*  Passed  by  the  Oeneral  Committee,  Edinburgh,  1871. 

*  Notice  to  Contributors  cf  Memoirs. — ^Authors  axe  reminded  that,  under  an 
arrangement  dating  from  1871,  the  acceptance  of  Memoirs,  and  the  days  on  which 
they  are  to  be  read,  are  now  as  far  as  possible  determined  by  Organising  Committees 
for  the  several  Sections  brfore  the  heginnifig  of  the  Meeting.    It  has  therefore  become 
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thereon,  and  on  the  order  in  which  it  is  desirable  that  they  shonid  be 
read,  to  be  presented  to  the  Committees  of  the  Sections  at  their  first 
meeting.  The  Sectional  Presidents  of  former  years  are  ex  officio  members 
of  the  Organising  Sectional  Committees.^ 

An  Organising  Committee  may  also  hold  snch  preliminary  meetings  as 
the  President  of  the  Committee  thinks  expedient,  but  shall,  nnder  any 
circnmstances,  meet  on  the  first  Wednesday  of  the  Annual  Meeting,  at 
11  A.M.,  to  nominate  the  first  members  of  the  Sectional  Committee,  if 
they  shall  consider  it  expedient  to  do  so,  and  to  settle  the  terms  of  their 
report  to  the  Sectional  Committee,  after  which  their  functions  as  an 
Organising  Committee  shall  cease.^ 

Constitution  of  the  Sectional  Committees.^ 

On  the  first  day  of  the  Annual  Meeting,  the  President,  Vice-Presi- 
dents, and  Secretaries  of  each  Section  having  been  appointed  by  the 
General  Committee,  these  Officers,  and  those  previous  Presidents  and 
Vice-Presidents  of  the  Section  who  may  desire  to  attend,  are  to  meet,  at 
2  P.M.,  in  their  Committee  Booms,  and  enlarge  the  Sectional  Committees 
by  selecting  individuals  from  among  the  Members  (not  Associates)  present 
at  the  Meeting  whose  assistance  they  may  particularly  desire.  The  Sec- 
tional Committees  thus  constituted  shall  have  power  to  add  to  their 
number  from  day  to  day. 

The  List  thus  formed  is  to  be  entered  daily  in  the  Sectional  Minute. 
Book,  and  a  copy  forwarded  without  delay  to  the  Printer,  who  is  charged 
with  publishing  the  same  before  8  a.m.  on  the  next  day  in  the  Journal  of 
the  Sectional  Proceedings. 

Business  of  the  Sectional  Committees* 

Committee  Meetings  are  to  be  held  on  the  Wednesday,  and  on  the 
following  Thursday,  Friday,  Saturday,^  Monday,  and  Tuesday,  for  the 
objects  stated  in  the  Rules  of  the  Association.  The  Organising  Committee 
of  a  Section  is  empowered  to  arrange  the  hours  of  meeting  of  the  Section 
and  the  Sectional  Committee,  except  for  Thursday  and  Saturday.^ 

The  business  is  to  be  conducted  in  the  following  manner : — 

1.  The  President  shall  call  on  the  Secretary  to  read  the  minutes  of 

the  previous  Meeting  of  the  Committee. 

2.  Ko  paper  shall  be  read  until  it  has  been  formally  accepted  by  the 

necessary,  in  order  to  give  an  opportunity  to  the  Committees  of  doing  justice  to  the 
several  Communicatious,  that  each  author  should  pre])are  an  Abstract  of  his  Memoir 
of  a  length  suitable  for  insertion  in  the  published  Transactions  of  the  Association, 
sind  that  he  shonid  send  it,  together  with  the  original  Memoir,  by  book-post,  on  or 

before ,  addressed  to  the  General   Secretaries,  at  the  office  of 

the  Association.    *For  Section '    If  it  should  be  inconvenient  to  the  Author 

that  his  paper  should  be  read  on  any  particular  days,  he  is  requested  to  send  in- 
formation thereof  to  the  Secretaries  in  a  separate  note.  Authors  who  send  in  their 
MSS.  three  complete  weeks  before  the  Meeting,  and  whose  papers  are  accepted, 
will  be  furnished,  before  the  Meeting,  with  printed  copies  of  their  Reports  and 
abstracts.  No  Report,  Paper,  or  Abstract  can  be  inserted  in  the  Annual  Volume 
unless  it  is  handed  either  to  the  Recorder  of  the  Section  or  to  the  Assistant  General 
isccretary  before  the  conclusion  of  the  Meeting. 

'  Sheffield,  1879.  *  Swansea,  1880.  «  Edinburgh,  1871. 

*  The  meeting  on  Saturday  is  optional,  Southport,  1883,      »  Nottingham,  1893. 
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Oommifctee  of  the  Section,  and  entered  on  the  minutes  accord* 
ingly. 
3.  Papers  which  have  been  reported  on  nnfayonrably  hj  the  Organ- 
ising Committees  shall  not  be  brought  before  the  Sectional 
Committees.^ 

At  the  first  meeting,  one  of  the  Secretaries  will  read  the  Minutes  of 
last  year's  proceedings,  as  recorded  in  the  Minute-Book,  and  the  Synopsis 
of  Kecommendatious  adopted  at  the  last  Meeting  of  the  Association 
and  printed  in  the  last  volome  of  the  Report.  He  will  next  proceed  to 
read  the  Report  of  the  Organising  Committee.'  The  list  of  Communi- 
cations to  be  read  on  Thursday  shall  be  then  arranged,  and  the  general 
distribution  of  basiness  throughout  the  week  shall  be  provisionally  ap- 
pointed. At  the  close  of  the  Committee  Meeting  the  Secretaries  shall 
forward  to  the  Printer  a  List  of  the  Papers  appointed  to  be  read.  The 
Printer  is  charged  with  publishing  the  same  before  8  a.m.  on  Thursday 
in  the  Journal. 
^ D  On  the  second  day  of  the  Annual  Meeting,  and  the  following  days, 

the  Secretaries  are  to  correct,  on  a  copy  of  the  Journal,  the  list  of  papers 
which  have  been  read  on  that  day,  to  add  to  it  a  list  of  those  appointed 
to  be  read  on  the  next  day,  and  to  send  this  copy  of  the  Jonroal  as  early 
in  the  day  as  possible  to  the  Printer,  who  is  charged  with  printing  the 
same  before  8  a.m.  next  morning  in  the  Journal.  It  is  necessary  that  one 
of  the  Secretaries  of  each  Section  (generally  the  Recorder)  should  call 
at  the  Printing  Office  and  revise  the  proof  each  evening. 

Minutes  of  the  proceedings  of  every  Committee  are  to  be  entered  daily 
in  the  Minate-Book,  which  should  be  confirmed  at  the  next  meeting  of 
the  Committee. 

Lists  of  the  Reports  and  Memoirs  read  in  the  Sections  are  to  be  entered 
in  the  Minute-Book  daily,  which,  with  all  Memoirs  and  Copies  or  Abstracts 
of  Memoirs  furnished  by  Authors,  are  to  be  forwarded^  at  the  close  of  the 
Sectional  Meetings,  to  the-  Assistant  Oeneral  Secretary. 

The  Vice-Presidents  and  Secretaries  of  Sections  become  ex  ojfficia- 
temporary  Members  of  the  General  Committee  (vide  p.  xxxi),  and  will' 
receive,  on  application  to  the  Treasurer  in  the  Reception  Room,  Tickets, 
entitling  them  to  attend  it«  Meetings. 

The  Committees  will  take  into  consideration  any  suggestions  which  may  - 
Sered  by  their  Members  for  the  advancement  of  Science.     They  are- 
ally  requested  to  review  the  recommendations  adopted  at  preceding- 
' — ,  as  published  in  the  volumes  of  the  Association,  and  the  com^ 
made  to  the  Sections  at  this  Meeting,  for  the  purposes  of 
finite  points  of  research  to  which  individual  or  combined 
bo  usefully  directed,  and  branches  of  knowledge  on  the- 
i^ress  of  which  Reports  are  wanted ;  to  name  individuals  or* 
r  the  execution  of  such  Reports  or  researches  ;  and  to  state- 
•  o  what  degree,  these  objects  may  be  usefully  advanced  by 
tion   of   the  funds  of  the  Association,  by  application  to* 
Philosophical  Institutions,  or  Local  Authorities, 
appointment  of  Committees  for  special  objects  of  Science, 
>  that  all  Members  of  the  Committee  sJiould  be  named,  and 

1  were  adopted  by  the  General  Committee,  Plymouth,  1877. 

le  followin}^  sentence  were  added  by  the  General  Committee,  Edin- 
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one  of  them  appointed  to  ad  as  Cliairman^  who  shall  have  notified  per- 
sonally or  in  writing  his  willingness  to  accept  tlie  ojfice^  the  Ghairman  to  have 
the  responsibility  of  receiving  and  disbursing  the  grant  (if  any  has  been  made) 
and  securing  the  presentation  of  the  Report  in  duie  time ;  and,  further,  it  is 
expedient  that  one  of  the  members  should  be  appointed  to  act  as  Secretary j  for 
ensuring  attention  to  business. 

That  it  is  desirable  that  the  number  of  Members  appointed  to  serve  on  a 
Committee  should  be  as  small  cls  is  consistent  with  its  efficient  working. 

That  a  tabtdar  list  of  the  Committees  appointed  on  the  recommendation 
of  each  Section  should  be  sent  ea^h  year  to  the  Recorders  of  the  several  Sec-" 
tions,  to  enable  them  to  fill  in  the  statement  whether  the  several  Committees 
appointed  on  the  recommendation  of  their  respective  Sections  had  presented 
their  reports. 

Tluxt  on  the  proposal  to  recommend  tlie  appointment  of  a  Committee  for  a 
special  object  of  science  having  been  adopted  by  the  Sectional  Committee,  the 
numher  of  Members  of  such  Committee  be  then  fixed,  but  thai  the  Members  to 
serve  on  such  Committee  be  nominated  and  selected  by  the  Sectional  Com' 
mittee  at  a  subsequent  meeting.^ 

Committees  have  power  to  add  to  their  number  persons  whose  assist- 
ance they  may  require. 

The  recommendations  adopted  by  the  Committees  of  Sections  are  to 
be  registered  in  the  Forms  furnished  to  their  Secretaries,  and  one  Copy  of 
each  is  to  be  forwarded,  without  delay,  to  the  Assistant  General  Secretary 
for  presentation  to  the  Committee  of  Becommendations.  Unless  this  be 
donfi,  the  Recommendafimis  cannot  receive  the  sanction  of  the  Association. 

N.B. — Recommendations  which  may  originate  in  any  one  of  the  Sections 
must  first  be  sanctioned  by  the  Committee  of  that  Section  before  they  can 
be  referred  to  the  Committee  of  Becommendations  or  confirmed  by  the 
General  Committee. 

The  Committees  of  the  Sections  shall  ascertain  whether  a  Report  has 
been  made  by  every  Committee  appointed  at  the  previous  Meeting  to  whom 
a  sum  of  money  has  been  granted,  and  shall  report  to  the  Committee  of 
Recommendations  in  every  case  where  no  such  Report  has  been  received.' 

Notices  regarding  Grants  of  Money. 

Committees  and  individuals  to  whom  grants  of  money  have  been 
entrusted  by  the  Association  for  the  prosecution  of  particular  researches 
in  science  are  required  to  present  to  each  following  Meeting  of  the 
Association  a  Beport  of  the  progress  which  has  been  made ;  and  the 
Chairman  of  a  Committee  to  whom  a  money  grant  has  been  made  must 
forward  to  the  General  Officers,  before  July  1,  a  statement  of  the  sums 
which  have  been  expended,  with  vouchers,  and  the  balance  which 
remains  disposable  on  each  grant. 

Grants  of  money  sanctioned  at  any  one  Meeting  of  the  Association 
expire  on  June  30  following ;  nor  is  the  Treasurer  authorised,  after  that 
date,  to  allow  any  claims  on  account  of  such  grants,  unless  they  be 
renewed  in  the  original  or  a  modified  form  by  the  General  Committee. 

No  Committee  shall  raise  money  in  the  name  or  under  the  auspices 
of  the  British  Association  without  special  permission  from  the  General 

I  Revised  bj  the  General  Committee,  Bath,  1888. 

*  Passed  bj  the  General  Committee  at  Sheffield,  1879. 
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Committee  to  do  so ;  and  no  money  so  raised  shall  be  expended  except  in 
accordance  with  the  rules  of  the  Association. 

In  each  Committee,  the  Chairman  is  the  only  person  entitled 
to  call  on  the  Treasurer,  Professor  A.  W.  Rucker,  F.R.S.,  Burlington 
House,  London,  W.,  for  such  portion  of  the  sums  granted  as  may  nrom 
time  to  time  be  required. 

In  grants  of  money  to  Committees,  the  Association  does  not  contem- 
plate the  payment  of  personal  expenses  to  the  members. 

In  all  cases  where  additional  grants  of  money  are  made  for  the  con- 
tinuation of  Researches  at  the  cost  of  the  Association,  the  sum  named  is 
deemed  to  include,  as  a  part  of  the  amount,  whatever  balance  may  remain 
unpaid  on  the  former  grant  for  the  same  object. 

All  Instruments,  Papers,  Drawings,  and  other  property  of  the  Associa- 
tion  are  to  be  deposited  at  the  Office  of  the  Association,  when  not 
employed  in  carrying  on  scientific  inquiries  for  the  Association. 

Buaineas  of  the  Sections. 

The  Meeting  Room  of  each  Section  is  opened  for  conversation  shortly 
before  the  meeting  commences.  The  Section  Rooms  and  approaches  thereto 
can  he  used  for  no  notices,  exhihiUons,  or  other  purposes  than  those  of  the 
Association, 

At  the  time  appointed  the  Chair  will  be  taken,^  and  the  reading  of 
communications,  in  the  order  previously  made  public,  commenced. 

Sections  may,  by  the  desire  of  the  Committees,  divide  themselves  into 
Departments,  as  often  as  the  number  and  nature  of  the  communications 
delivered  in  may  render  such  divisions  desirable. 

A  Report  presented  to  the  Association,  and  read  to  the  Section  which 
originally  called  for  it,  may  be  read  in  another  Section,  at  the  request  of 
the  Officers  of  that  Section,  with  the  consent  of  the  Author. 

Duties  of  the  Doorkeepers. 

1.  To  remain  constantly  at  the  Doors  of  the  Rooms  to  which  they  are 

appointed  during  the  whole  time  for  which  they  are  engaged. 

2.  To  require  of  every  person  desirous  of  entering  the  Rooms  the  ex- 

hibition of  a  Member's,  Associate's,  or  Lady's  Ticket,  or  Reporter's 
Ticket,  signed  by  the  Treasurer,  or  a  Special  Ticket  signed  by  the 
Secretary. 

3.  Persons  unprovided  with  any  of  these  Tickets  can  only  be  admitted 

to  any  particular  Room  by  order  of  the  Secretary  in  that  Room. 

No  person  is  exempt  from  these  Rules,  except  those  Officers  of  the 
Association  whose  names  are  printed  in  the  Programme,  p.  I. 

Duties  of  the  Messengers. 

To  remain  constantly  at  the  Rooms  to  which  they  are  appointed  dur- 
ing tho  whole  time  for  which  thejr  are  engaged,  except  when  employed  on 
messages  by  one  of  the  Officers  directing  these  Rooms. 

*  The  Organising  Committee  of  a  Section  is  empowered  to  arrange  the  honrs  of 
meeting  of  the  Section  and  Sectional  Committee,  except  for  Thursday  and  Saturday. 
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Committee  of  Recommendations* 

The  General  Committee  shall  appoint  at  each  Meeting  a  Oommitteey 
which  shall  receive  and  consider  the  Recommendations  of  the  Sectional 
Committees,  and  report  to  the  General  Committee  the  measures  which 
they  would  advise  to  be  adopted  for  the  advancement  of  Science. 

Presidents  of  the  Association  in  former  years  are  ex  officio  members  of 
the  Committee  of  Recommendations.^ 

All  Recommendations  of  Grants  of  Money,  Requests  for  Special  Re- 
searches, and  Reports  on  Scientific  Subjects  shall  be  submitted  to  the 
Committee  of  Recommendations,  and  not  taken  into  consideration  by  the 
General  Committee  unless  previously  recommended  by  the  Committee  of 
Recommendations. 

All  proposals  for  establishing  new  Sections,  or  altering  the  titles  of 
Sections,  or  for  any  other  change  in  the  constitutional  forms  and  funda- 
mental rules  of  the  Association,  shall  be  referred  to  the  Committee  of 
Recommendations  for  a  report.^ 

If  the  President  of  a  Section  is  unable  to  attend  a  meeting  of  the 
Committee  of  Recommendations,  the  Sectional  Committee  shall  be 
authorised  to  appoint  a  Vice-President,  or,  foiling  a  Vice-President, 
fiome  other  member  of  the  Committee,  to  attend  in  Tiis  place,  due  notice 
X>f  the  appointment  being  sent  to  the  Assistant  General  Secretary.' 

Corresponding  Societies* 

1.  Any  Society  is  eligible  to  be  placed  on  the  List  of  Corresponding 
Societies  of  the  Association  which  undertakes  local  scientific  investiga- 
tions, and  publishes  notices  of  the  results. 

2.  Application  may  be  made  by  any  Society  to  be  placed  on  the 
List  of  CoiTesponding  Societies.  Applications  must  be  addressed  to  the 
Secretary  on  or  before  the  Ist  of  June  preceding  the  Annual  Meeting  at 
which  it  is  intended  they  should  be  considered,  and  must  be  accompanied 
by  specimens  of  the  publications  of  the  results  of  the  local  scientific 
investigations  recently  undertaken  by  the  Society. 

3.  A  Corresponding  Societies  Committee  shall  be  annually  nomi- 
•nated  by  the  Council  and  appointed  by  the  General  Committee  for  the 
purpose  of  considering  these  applications,  as  well  as  for  that  of  keeping 
themselves  generally  informed  of  the  annual  work  of  the  Corresponding 
Societies,  and  of  superintending  the  preparation  of  a  list  of  the  papers 
published  by  them.  This  Committee  shall  make  an  annual  report  to  the 
General  Committee,  and  shall  suggest  such  additions  or  changes  in  the 
List  of  Corresponding  Societies  as  they  may  think  desirable. 

4.  Every  Corresponding  Society  shall  return  each  year,  on  or  before  the 
1st  of  June,  to  the  Assistant  General  Secretary  of  the  Association,  a 
schedule,  properly  filled  up,  which  will  be  issued  by  him,  and  which  will 
contain  a  request  for  such  particulars  with  regard  to  the  Society  as  may 
he  required  for  the  information  of  the  Corresponding  Societies  Committee. 

5.  There  shall  be  inserted  in  the  Annual  Report  of  the  Association 

>  Passed  by  the  General  Ck>mmittee  at  Newcastle,  1868. 

*  Passed  by  the  General  Committee  at  Birmingham,  1865. 
'  Passed  by  the  General  Committee  at  Leeds,  1890. 

*  Passed  by  the  General  Committee,  1884. 
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a  list,  in  an  abbreviated  form,  of  the  papers  published  hj  the  Corre- 
sponding Societies  daring  the  past  twelve  months  which  contain  the 
resalts  of  the  local  scientific  work  conducted  by  them  ;  those  papers  only 
Ibeing  included  which  refer  to  subjects  coming  under  the  cognisance  of 
one  or  other  of  the  various  Sections  of  the  Association. 

6.  A  Corresponding  Society  shall  have  the  right  to  nominate  any 
one  of  its  members,  who  is  also  a  Member  of  the  Association,  as  its  dele- 
gate to  the  Annual  Meeting  of  the  Association,  who  shall  be  for  the  time 
a  Member  of  the  General  Committee. 

Conference  of  Delegates  of  Corresponding  Societies. 

7.  The  Conference  of  Delegates  of  Corresponding  Societies  is  em- 
powered to  send  recommendations  to  the  Committee  of  Recommen- 
dations for  their  consideration,  and  for  report  to  the  General  Committee. 

8.  The  Delegates  of  the  various  Corresponding  Societies  shall  con- 
stitute a  Conference,  of  which  the  Chairman,  Vice- Chairmen,  and  Secre- 
taries shall  be  annually  nominated  by  the  Council,  and  appointed  by  the 
Genei-al  Committee,  and  of  which  the  members  of  the  Corresponding 
'Societies  Committee  shall  be  ex  officio  members. 

0.  The  Conference  of  Delegates  shall  be  summoned  by  the  Secretaries 
to  hold  one  or  more  meetings  during  each  Annual  Meeting  of  the  Associa- 
tion, and  shall  be  empowered  to  invite  any  Member  or  Associate  to  take 
part  in  the  meetings. 

10.  The  Secretaries  of  each  Section  shall  be  instructed  to  transmit  to 
the  Secretaries  of  the  Conference  of  Delegates  copies  of  any  recommen- 
dations forwarded  by  the  Presidents  of  Sections  to  the  Committee  of 
-Recommendations  bearing  upon  matters  in  which  the  co-operation  of 
iyorresponding  Societies  is  desired  ;  and  the  Secretaries  of  the  Conference 
of  Delegates  shall  invite  the  authors  of  these  recommendations  to  attend 
the  meetings  of  the  Conference  and  give  verbal  explanations  of  their 
objecte  and  of  the  precise-  way  in  which  they  would  desire  to  have  them 
carried  into  effect. 

11.  It  will  be  the  duty  of  the  Delegates  to  make  themselves  familiar 
with  the  purport  of  the  several  recommendations  brought  before  the  Confer- 
ence, in  order  that  they  and  others  who  take  part  in  the  meetings  may  be 
^le  to  bring  those  recommendations  clearly  and  favourably  before  their 
respective  Societies.  The  Conference  may  also  discuss  propositions  bear- 
ing on  the  promotion  of  more  systematic  observation  and  plans  of  opera- 
tion, and  of  greater  .uniformity  in  the  mode  of  publishing  results. 

Local  Committeea. 

Local  Committees  shall  be  formed  by  the  Officers  of  the  Association 
to  assist  in  making  arrangemente  for  the  Meetings. 

I  Local  Committees  shall  have  the  power  of  adding  to  their  numbers 
those  Members  of  the  Association  whose  assistance  they  may  desire. 

Ojfficera* 

A  President,  two  or  more  Vice-Presidents,  one  or  more  Secretaries, 
and  a  Treasurer  shall  be  annually  appointed  by  the  General  Committee. 
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Council* 

la  the  intervals  of  the  Meetings^  the  afikiro  of  the  Association  shall 
be  managed  by  a  Conncil  appointed  bj  the  General  Committee.  The 
Council  may  also  assemble  for  the  despatoh  of  business  daring  the  week 
of  the  Meeting. 

(1)  The  Council  shall  consist  of  ^ 

1.  The  Trustees. 

2.  The  past  Presidents. 

3.  The  President  and  Vice-Presidents  for  the  time  being. 

4.  The  President  and  Vice-Presidents  elect. 

5.  The  past  and  present  General   Treasurers,   General  and 

Assistant  General  Secretaries. 

6.  The    Local    Treasurer    and  Secretaries  for    the    ensuing 

Meeting. 

7.  Ordinary  Members. 

(2)  The  Ordinary  Members  shall  be  elected   annaally  from    the 

General  Committee. 

(3)  There  shall  be  not  more  than  twenty-five  Ordinaiy  Members,  of 

whom  not  more  than  twenty  shall  have  served  on  the  Council, 
as  Ordiuary  Members,  in  the  previous  year. 

(4)  In  order  to  carry  out  the  foregoing  rule,  the  following  Ordinary 

Members  of  the  outgoing  Council  shall  at  each  annual  election 
be  ineligible  for  nomination : — Ist,  those  who  have  served  on 
the  Council  for  the  greatest  number  of  consecutive  years ;  and» 
2nd,  those  who,  being  resident  in  or  near  London,  have 
attended  the  fewest  number  of  Meetings  during  the  year 
— observing  (as  nearly  as  possible)  the  proportion  of  three  by 
seniority  to  two  by  least  attendance. 

(5)  The  Council  shall  submit  to  the  General   Committee  in  their 

Annual  Report  the  names  of  the  Members  of  the  General 
Committee  whom  they  recommend  for  election  as  Members  of 
Council. 

(6)  The  Election  shall  take  place  at  the  same  time  as  that  of  the 

Officers  of  the  Association. 

Papers  and  Communications* 

The  Author  of  any  paper  or  communication  shall  be  at  liberty  to 
reserve  his  right  of  property  therein. 

Accounia. 

The  Accounts  of  the  Association  shall  be  audited  annually,  by  Auditors 
appointed  by  the  General  Committee. 

'  Passed  by  the  General  Committee  at  Belfast,  1874. 
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Presidenta  and  Secretaries  of  the  Sections  of  the  Association. 


Pate  and  Place 


Presidenta 


Secretaries 


MATHEMATICAL  AND  PHYSICAL  SCIENCES. 

COMMITTEE  OP  SCIENCES,  I. — MATHEMATICS  AND  GENERAL  PHYSICS. 


18S3.  Oxford 

1833.  Cambridge 

1834.  Edinburgh 


Daries  Gilbert,  D.C.L.,  F.B.S.  I  Rev.  H.  Coddington. 

Sir  D.  Brewster,  F.R.8 Prof.  Forbes. 

Rev.  W.  Whewell,  F.R.S.        jPiof.  Forbes,  Prof.  Lloyd. 


SECTION  A. — MATHEMATICS  AKD  PHYSICS. 


1835.  Dublin 

1836.  Bristol 

1837.  Liverpool... 

1838.  Newcastle 

1 839.  Birmingham 

1840.  Glasgow  ... 

1841.  Plymouth 

1842.  Manchester 


184.3.  Cork 

1844.  York 

1845.  Cambridge 

1846.  Southamp- 

ton. 
I8i7.  Oxford... 


Rev.  Dr.  Robinson   

Rev.  William  Whewell,  F.R.S. 

Sir  D.  Brewster,  F.R.8 

Sir  J.  F.  W.  Herschel,  Bart., 

F.R.a 
Rev.  Prof.  Whewell,  F.R.S. 

Prof.  Forbes,  F.R.S 


1848.  Swansea  ... 
184  V.  Birmingham 

.1850.  Edinbvgh 

.1851.  Ipswich   ... 

1852.  BeHast 

1853.  Hull 

1894. 


Rev.  Prof.  Lloyd,  F.R.S 

Very  Rev.  Q.  Peacock,  D.D., 

F  R  8 
Prof .  M'bulloch,  M.R.LA.  ... 
The  Earl  of  Rosse,  F.R.S.  ... 
The  Very  Rev.  the  Dean  of 

Ely. 
Sir   John   F.    W.    Herschel, 

Bart.,  F.R.S. 
Rev.     Prof.    Powell,    M.A., 

F.R.8. 

Lord  Wrottesley,  F.R.S 

William  Hopkins,  F.R.S 

Prof.  J.  D.  Forbes,  F.R.S., 

Sec  R.S.E. 
Rev.    W.    Whewell,     D.D., 

F.R.S. 
Prof.    W.    Thomson,    M.A., 

F.R.8.,  r.B.S.E. 
The  Very  Rev.  the  Dean  of 

Ely,  F.R.S. 


Prof.   Sir  W.  R.   Hamilton,  Prof. 

Wheatstone. 
Prof.  Forbes,  W.  S.  Harris,  F.  W. 

Jerrard. 
W.   S.  Harris,  Rev.  Prof.   Powell, 

Prof.  Stevelly. 
Rev.  Prof.  Chevallier,  Major  Sabine, 

Prof.  Stevelly. 
J.  D.  Chance,  W.  Snow  Harris,  Prof. 

Stevelly. 
Rev.   Dr.    Forbes,   Prof.    Stevelly, 

Arch.  Smith. 
Prof.  Stevelly. 
Prof.  M*CuUoch,Prof.  Stevelly,  Rev. 

W.  Scoresby. 
J.  Nott,  Prof.  Stevelly. 
Rev.  Wm.  Hey,  Prof.  Stevelly. 
Rev.  H.  Goodwin,  Prof.  Stevelly, 

G.  G.  Stokes. 
John    Drew,   Dr.    Stevelly,   G.  G. 

Stokes. 
Rev.  H.  Price,  Prof.  Stevelly,  G.  G. 

Stokes. 
Dr.  Stevelly,  G.  G.  Stokes. 
Prof.   Stevelly,   G.   G.  Stokes,  W. 

Ridout  Wills. 
W.  J.Maoquom  Rankine,Prof .  Smyth , 

Prof.  Stevelly,  Prof.  G.  Q.  Stokes. 
8.  Jackson,  W.  J.  Maoqnom  Rankin?, 

Prof.  Stevelly,  Prof.  Q.  Q.  Stokes. 
Prof.  Dixon,  W.  J.  Macquom  Ran- 

kine,  Prof.  Stevelly,  J.  l^dall. 
B.  Blaydes  Haworth,  J.  D.  SoUitt, 

Prof.  Stevelly,  J.  Welsh. 
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Date  and  Place 


1854.  Liverpool... 
1856.  Glasgow  ... 

1856.  Chelteaham 

1857.  Dnblio 

1858.  Leeds  

1859.  Aberdeen... 

X860.  Oxford 

1.8G1.  Manchester 

1862.  Cambridge 

1863.  Newcastle 


1864.  Bath 

tl865.  Birmingham 

il866.  Nottingliam 

1867.  Dundee    ... 

1868.  Norwich  ... 

1869.  Exeter 

1870.  Liverpool... 

1871.  Edinburgh 

1872.  Brighton... 

1873.  Bradford... 

1874.  Belfast 


Presidents 


1875.  Bristol 

1876.  Glasgow  ... 

1877.  Plymouth... 

1878.  Dablin 

1879.  Sheffield  ... 


Prof.  G.  G.  Stokes,  M.A.,  Sec 

B.S. 
Rev.    Prof.    Eelland,    M.A., 

F.R.S.,  F.R.S.B. 
Rev.  R.  Walker,  MA.,  F.B.S. 

Rev.  T.   R.  Robinson,  D.D., 
F.R.S.,  M.R.IJL. 

Rev.    W.     Whewell,     D.D., 
V.P.R.S. 

The  Earl  of  Rosse,  M.A.,  E.P., 

F.R.S. 
Rev.  B.  Price,  M.A.,  F.R.S.... 

G.    B.    Airy,    M.A.,    D.C.L., 

F.R.S. 
Prof.    G.    G.    Stokes,    MA., 

F.R.S. 
Prof .  W.  J.  Macquorn  Rankine, 

C.E.,  F.R,S. 

Prof.  Cayley,    M.A.,  F.R.S., 

F.RA.S. 
W.  Spotti8woode,M.A.,F.R.8., 

F.R.A.S. 

Prof.    Wheatstone,    D.C.L., 

F.R.8. 
Prof.  Sir  W.  Thomson,  D.C.L., 

F.R.S. 
Prof.     J.     Tyndall,     LL.D., 

F.R.S. 
Prof.  J.  J.  Sylvester,  LL.D., 

F  R  S 
J.     Clerk     Maxwell,     M.A., 

LL.D.,  F.R.S. 

Prof.  P.  G.  Tait,  F.R.S.E. 


W.  De  La  Rue,  D.C.L.,  F.R.S, 

Prof.  H.  J.  S.  Smith,  F.R.S.  , 

Rev.  Prof.  J.  H.  Jellett,  M,A., 
M.RJEA. 

Prof.  Balfour  Stewart,  M.A., 

LL.D.,  F.R.S. 
Prof.  Sir  W.  Thomson,  MA., 

D.C.L.,  F.R.S. 

Prof.  G.  C.  Foster,  B  A.,  F.R.S., 

Pres.  Physical  Soc 
Rev.    Prof.    Salmon,    D.D., 

D.C.L.,  F.R.S. 
George    Johnstone    Stoney, 

M.A.,F.R.8. 


Secretaries 


J.  Hartnup,  H.    G.    Puckle,  Prof. 

Stevelly,  J.  Tyndall,  J.  Welsh. 
Rev.  Dr.  Forbes,  Prof.  D.  Gray,  Prof. 

Tyndall. 
C.  Brooke,  Rev.  T.  A.  Southwood, 

Prof.  Stevelly,  Rev.  J.  C.  Tumbull. 
Prof.  Curtis,  Ptof.  Hennessy,  P.  A. 

Ninnis,  W.  J.  Macquorn  Rankine, 

Prof.  Stevelly. 
Rev.  S.  Eamshaw,  J.  P.  Hennessy, 

Prof. Stevelly,  H. J.S.Smith,  Prof. 

TyndalL. 
J.  P.  Hennessy,  Prof.  Maxwell,  H. 

J.  S.  Smith,  Prof.  Stevelly. 
Rev.  G.  C.  Bell,  Rev.  T.  Rennison, 

Prof.  Stevelly. 
Prof.  R.  B.  Clifton,  Prof.  H.  J.  S. 

Smith,  Prof.  Stevelly. 
Prof.  R.  B.  Clifton,  Prof.  H.  J.  8. 

Smith,  Prof.  Stevelly. 
Rev.  N.  Ferrers,   Prof.   Fuller,   F. 

Jenkin,  Prof.  Stevelly,  Rev.  C.  T. 

Whitley. 
Prof.  Fuller,  F.    Jenkin,  Rev.  G. 

Buckle,  Prot  Stevelly. 
Rev.  T.  N.  Hutchinson,  F.  Jenkin,  G. 

S.  Mathews,  Prof.  H.  J.  8.  Smith, 

J.  M.  Wilson. 
Fleeming  Jenkin,Prof  .H.  J.  8.  Smith, 

Rev.  8.  N.  Swann. 
Rev.  G.  Buckle,  Prof.  G.  C.  Foster, 

Prof.  Fuller,  Prof.  Swan. 
Prof.  G.  C.  Foster,  Rev.  R.  Harley, 

R.  B.  Hayward. 
Prof.  G.  C.  Foster,  R.  B.  Hayward, 

W.  K.  Clifford. 
Prof.  W.  G.  Adams,  W.  E.  Clifford, 

Prof.  G.  C.  Foster,  Rev.  W.  Allen 

Whitworth. 
Prof.  W.  G.  Adams,  J.  T.  Bottomley, 

Prof.  W.  E.  Clifford,  Prof.  J.  D. 

Everett,  Rev.  R.  Harley. 
Prof.  W.  K.  Clifford,  J.  W.  L.Glaisher, 

Prof.  A.  8.  Herschel,  G.  F.  Rodwell. 
Prof.  W.  E.  Clifford,  Prof.  Forbes,  J. 

W.L.  Glaisher,  Prof.  A  8.  Herschel. 
J.  W.  L.  Glaisher,  Prof.  Herschel, 

Randal  Nixon,  J.  Perry,  G.  F. 

Rodwell. 
Prof.  W.  F.  Barrett,  J.  W.L.  Glaisher, 

0.  T.  Hudson,  G.  F.  Rodwell. 
Prof.  W.  F.  Barrett,  J.  T.  Bottomler, 

Prof.  G.  Forbes,  J.  W.  L.  Glaitfier, 

T.  Muir. 
Prof.  W.  F.  Barrett,  J.  T.  Bottomley, 

J.  W.  L.  Glaisher,  F.  G.  Landon. 
Prof.  J.  Casey,  G.  F.  Fitzgerald,  J^ 

W.  L.  Glaisher.  Dr.  O.  J.  Lodge. 
A.  H.  Allen,  J.  W.  L.  Glaisher,  Dr. 

O.  J.  Lodge,  D.  MacAlister. 
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Date  and  Place 

1880.  Swansea  «. 

1881.  York 


1882.  SonthamiH 

ton. 

1883.  Sonthport 

1884.  Montreal.., 


1885.  Aberdeen.. 

1886.  Birmingham 

1887.  Manchester 

1888.  Bath 


1889.  Newcastle- 

upon-Tyne 

1890.  Leeds  

1891.  Cardiff 

1892.  Edinburgh 

1893.  Nottingham 
1891.  Oxford... 


Presidents 


Prof.  W.  Grylls  Adams,  M.A., 

F.R.8. 
Prof.  Sir  W.  Thomson,  MjL., 

LL.D.,  D.C.L.,  F.B.S. 
Bt.  Hon.  Prof.  Lord  Bayleigh, 

M.A.,  F.B.S. 
Prof.  O.  Henrici,  Ph.D.,  F.B.S. 

Prof.  Sir  W.  Thomson,  M.A., 
LLJ).,  D.C.L.,  F.B.S. 

Prof.     G.     Chrystal,     M.A., 

F.R.S.B. 
Prof.    G.  H.  Darwin,  M.A., 

LL.D.,  F.B.S. 
Prof.  Sir  R.  8.  Ball,  M.A., 

LL.D.,  F.B.8. 
Prof.  G.  F.  Fitzgerald,  M.A., 

F.R.8. 
Capt.  W.  de  W.  Abney,  C.B., 

B.E.,  F.B.S. 

J.    W.    L.    Glaisher,    Sc.D., 

F.B.S.,  V.P.R.A.S. 
Prof.    O.    J.    Lodge,    D.Sc, 

LL.D.,  F.R.8. 
Prof.    A.    Schuster,    Ph.D., 

F.R.8.,  F.R.A.8. 
R.  T.  aiazebrook,  M.A.,  F.R.S. 

Prof.    A.  W.  Ruoker,  M.A., 
F.R.S. 


Secretaries 


W.  K.  Ayrton,  J.  W.  L.  Glaisher, 

Dr.  O.  J.  Lodge,  D.  MacAlister. 
Prof.  W.  B.  Ayrton,  Dr.  O.J.  Lodge, 

D.  MacAlister,  Rev.  W.  Routh. 
W.  M.  Hicks,  Dr.  O.  J.  Lodge,  D. 

MacAlister,  Rev.  G.  Richardson. 
W.  M.  Hicks,  Prof.  O.  J.  Lodge, 

D.  MacAlister,  Prof.  R.  C.  Rowe. 
C.  Carpmael,  W.  M.  Hides,  Prof.  A. 

Johnson,  Prof.  O.  J.  Lodge,  Dr.  D. 

MacAlister. 
R.  E.  Baynes,  R.  T.  Glazebrook,  Prof. 

W.  M.  Hicks,  Prof.  W.  Ingram. 
R.  £.  Baynes,  R.  T.  Glazebrook,  Prof . 

J.  H.  Poynting,  W.  N.  Shaw. 
R.  E.  Baynes,  R.  T.  Glazebrook,  Prof. 

H.  Lamb,  W.  N.  Shaw. 
R.  E.  Baynes,  R.  T.  Glazebrook,  A. 

TiOdge,  W.  N.  Shaw. 
R.  E.  Baynes,  R.  T.  Glazebrook,  Prof. 

A.  Lodge,  W.  N.  Shaw,  Prof.  H. 

Stroud. 
R.  T.  Glazebrook,  Prof.  A.  Lodge, 

W.  N.  Shaw,  Prof.  W.  Stroud. 
R.  E.  Baynes,  J.  Larmor,  Prof.  A. 

Lodge,  Prof.  A.  L.  Selby. 
R.  E.  Baynes,  J.  Larmor,  Prof.  A. 

Lodge,  Dr.  W.  Peddle. 
W.  T.  A.  Emtage,  J.  Larmor,  Prof. 

A.  Lodge,  Dr.  W.  Peddie. 
Prof.  W.  H.  Heaton,  Prof.  A.  Lodge, 

J.  Walker. 


CHEMICAL  SCIENCE. 

COMMITTEE  OF  SCIENCES,  II.— <;HBMISTBT,  MINXRALOOT. 


1832.  Oxford 

1833.  Cambridge 

1834.  Edinburgh 


John  Dalton,  D.C.L.,  F.R.S. 
John  Dalton,  D.C X.,  F.R.S. 
Dr.Hope 


James  F.  W,  Johnston. 

Prof.  Miller. 

Bfr.  Johnston,  Dr.  Christison. 


SECTION  B. — CHEMISTBT  AKD  MINEBALOQT. 


1835.  Dublin. 

1836.  Bristol. 


1837.  Liverpool... 

1838.  Newcastle 

1 839.  Birmingham 

1840.  Glasgow  ... 

1841.  Plymouth... 

1842.  Manchester 

1843.  Cork 

1844.  York 

1845.  Cambridge 


Dr.  T.  Thomson,  F.R.S. 
Rev.  Prof*  Gumming  »., 


Michael  Faraday,  F.R.S.. 


Rev.  William  Whewell,F.R.S. 

Prof.  T.  Graham,  F.R.S 

Dr.  Thomas  Thomson,  F.R.S. 

Dr.  Daubeny,  F.R.S*   •• 

John  Dalton,  D.C.L.,  F.R.S. 

Prof.  Apjohn,  M.R.LA 

Prof.  T.  Graham,  F.R.S 

Rev.  Prof.  CttQuning   


Dr.  Apjohn,  Prof.  Johnston. 

Dr.  Apjohn,  Dr.  C.  Henry,  W.  Hera- 
path. 

Prof.  Johnston,  Prof.  Miller,  Dr. 
Reynolds. 

Prof.  Miller,  H.  L.  Pattinson,  Thomas 
Richardson. 

Dr.  Golding  Bird,  Dr.  J.  B.  Melson. 

Dr.  R.  D.  Thomson,  Dr.  T.  Clark, 
Dr.  L.  Playf air. 

J.  Prideaux,  Robert  Hunt,  W.  M. 
Tweedy. 

Dr.  L.  Playfair,  R.  Hunt,  J.  Graham. 

R.  Hunt,  Dr.  Sweeny. 

Dr.  L.  Playfair,  E.  SoUy,  T.  H.  Barker. 

R.  Hunt,  J.  P.  Joule,  Prof.  Miller, 
E.  Solly. 
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Date  and  Place 


1846.  Southamp- 

ton. 

1847.  Oxford 

1848.  Swansea 

1849.  Birmingham 

1850.  Edinburgh 

1851.  Ipswich   .., 

1852.  Belfab-t 


1853.  HuU 

1854.  Liverpool 

1855.  Glasgow  .. 

1856.  Cheltenham 


1867.  Dublin 

1858.  Leeds  

1859.  Aberdeen.. 

1860.  Oxford 


1861.  Manchester 

1862.  Cambridge 

1863.  Newcastle 

1864.  Bath 

1865.  Birmingham 

1866.  Nottingham 

1867.  Dundee    ... 

1868.  Norwich  ... 

1869.  Exeter 

1870.  Liverpool... 

1871.  Edinburgh 

1872.  Brighton... 

1873.  Bradford... 

1874.  Belfast 

1875.  Bristol 

1876.  Glasgow  ... 

1877.  Plymouth... 

1878.  Dublin 


Presidents 


Secretaries 


Dr.  Miller,  R.  Hunt,  W.  Bandall. 
B.  C.  Brodie,  E.  Hunt,  Prof.  Solly. 


Michael   Faradaj,    D.C.L., 

F.R.S. 
Rev.  W.  V.  Harcourt,  M.A., 

F.R.8. 

Richard  Phillips,  F.R.S T.  H.  Henry,  R.  Hunt,  T.  WilliaiDS. 

John  Percy,  M.D.,  F.R.S '  R.  Hunt,  G.  Shaw. 

Dr.  Christison,  V.P.R.S  JJ^      \  Dr.  Anderson,  R.  Hunt,  Dr.  Wilson. 


Prof.  Thomas  Graham,  F.R.8. 
Thomas  Andrews,M.D.,F.R.S. 

Prof.  J.  P.  W.  Johnston,  M.A., 

F.R.S, 
Prof.W.  A.Miller,  M.D.,F.R.S. 

Dr.  Lyon  Playfair,C.B.,F.R.S. 
Prof.  B.  C.  Brodie,  F.R.S.  ... 

Prof.  Apjohn,  M.D.,  F.R.S., 

M.R.LA. 
Sir  J.  P.  W.  Herschel,  Bart., 

D.C.L. 
Dr.  LyonPlayfair,  C.B.,  F.R.S. 


Prof.  B.  C.  Brodie,  F.R.S., 


Prof.  W.A.Miller,  M.D.,P.R.S. 
Prof.  W.H.Miller,  M.A.,F.R.S. 

Dr.    Alex.    W.  Williamson, 

F.R.8. 
W.    Odling,    M.B.,    F.R.S., 

F  C  S 
Prof.  W.  A.    Miller,    M.D., 

V.P.R,S. 
H.  Bence  Jones,  M.D.,  F.R.S. 

Prof.     T.    Anderson,    M.D., 

F.R.S.E. 
Prof.   E.  Frankland,  F.R.S., 

F.C.8. 
Dr.  H.  Debus,  F.R.S.,  F.C.S. 

Prof.    H.    E.    Roscoe,    B.A., 

F.RS.,  F.C.S. 
Prof.  T.  Andrews,  M.D.,  F.R.S. 

Dr.  J.  H.  Gladstone,  F.R.S.... 

Prof.  W.  J.  Russell,  F.R.S.... 

Prof.  A.  Crum  Brown,  M.D., 

F.R.S.E.,  F.C.S. 
A.  G.  Vernon  Harcourt,  M.A., 

p.R.s.,F.as. 

W.  H.  Perkin,  F.R.S 

F.  A.  Abel,  F.R.S.,  F.C.S.   ... 

Prof.  Maxwell  Simpson,  M.D., 
F.R.S.,  F.C.S. 


T.  J.  Pearsall,  W.  S.  Ward. 

Dr.  Gladstone,  Prof.  Ho^es,  Prof. 
Ronalds. 

H.  S.  Blundell,  Prof.  R.  Hunt,  T.  J. 
Pearsall. 

Dr.  Edwards,  Dr.  Gladstone,    Dr. 
Price. 

Prof.  Frankland,  Dr.  H.  E.  Roscoe. 

J.  Horsley,  P.  J.    Worsley,    Prof. 
Voelcker. 

Dr.  Davy,  Dr.  Gladstone,  Prof .  Sul- 
livan. 

Dr.  Gladstone,  W.  Odling,  R.  Rey- 
nolds. 

J.  S.  Brazier,  Dr.  Gladstone,  G.  D. 
Liveing,  Dr.  Odling. 

A.  Vernon  Harcourt,  G.  D.  Liveing, 
A.  B.  Northcote. 

A.  Vernon  Harcourt,  G.  D.  Liveing. 

H.  W.  Blphinstone,  W.  Odling,  Prof. 
Roscoe. 

Prof.  Liveing,  H.  L.  Pattinson,  J.  C. 
Stevenson. 

A..V,  Harcourt,  Prof.  Liveing,  R. 
Biggs. 

A.  V.  Harcourt,  H.  Adkins,  Prof. 
Wanklyn,  A.  Winkler  Wills. 

J.  H.  Atherton,  Piof.  Liveing,  W.  J. 
Russell,  J.  White. 

A.  Crum  Brown,  Prof.  G.  D.  Liveing, 
W.  J.  RuflseU. 

Dr.  A.  Crum  Brown,  Dr.  W.  J.  Rus- 
sell, F.  Sutton. 

Prof.  A.  Crum   Brown,  Dr.  W.  J. 
Russell,  Dr.  Atkinson. 

Prof.  A.  Crum  Brown,  A.  E.  Fletcher. 
Dr.  W.  J.  RusselL 

J.  T.  Buchanan,  W.  N.  Hartley,  T. 
E.  Thorpe. 

Dr.  Mills,  W.  Chandler  Roberts,  Dr. 
W.  J.  Russell,  Dr.  T.  Wood. 

Dr.  Armstrong,  Dr.  Mills,  W.  Chand- 
ler Roberts,  Dr.  Thorpe. 

Dr.  T.  Cranstoun  Charles,  W.  Chand- 
ler Roberts,  Prof.  Thorpe. 

Dr.  H.  £.  Armstrong,  W.  Chandler 
Roberts,  W.  A.  Tilden. 

W.  Dittmar,  W.  Chandler  Roberts, 
J.  M.  Thomson,  W.  A.  Tilden. 

Dr.  Oxland,  W.  Chandler  Roberts, 
J.  M.  Thomson. 

W.  Chandler  Roberts,  J.  M.  Thom- 
son, Dr.  C.  R.  Tichbome,  T.  Wills. 
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Date  and  Place 


1679.  Sheffield 
1880.  Swansea  , 


ld81.  York.. 


1882.  Southamp- 

ton. 

1883.  Southport 

1884.  Montreal ... 

1885.  Aberdeen... 

1886.  Birmint^ham 

1887.  Manchester 

1888.  Bath 


1889.  Newcastie. 

upon-Tyne 

1890.  Leeds   


1891.  Cardiff. 


1892.  Edinburgh 

1893.  Nottingham 
1891.  Oxford 


Presidents 


Prof.  Dewar,  M.A.,  F.B.8. 

Joeeph  Henry  Gilbert,  Ph.D., 
F.B.8. 

Prof.  A.  W.  Williamson»Ph.D., 

F.R.8. 
Prof.  G.   D.  Liveing,    M.A., 

F.R.8. 
Dr.  J.  H.  Gladstone,  F.B.S... 

Prof.  Sir  H.  E.  Roscoe,  PhJ)., 

LL.D.,  F.B.S. 
Prof.'  H. .E.Armstrong,  Ph.D., 

F.R.S.,  Sec.  C.S. 
W.  Crookes,  F.B.S..  V.P.C.S. 


Dr.  E.  Schunck,  F.R.8.,  F.C.S. 

Prof.  W.  A.  Tildon,    D.Sc., 

F.B.8.,  V.P.C.S. 
Sir  T.  Lowthian  Bell,  Bart, 

D.C.L.,  F.B.S.,  F.C.S. 
Prof.    T.   E.   Thorpe,    B.Sc., 

Ph.D.,  F.R.S.,  Treas.  C.S. 

Prof.  W.  C.  Roberts-Austen, 
C.B.,  F.R.S.,  F.C.S. 

Prof.H.MoLeod,F.R.S.,F.C.S. 

Prof.  J.  Emerson  Reynolds, 

M.D.,  D.Sc.,  F.B.8. 
Prof.  H.  B.  Dixon,  M.A.,  F.R.8. 

I 


Secretaries 


H.  S.  Bell,  W.  Chandler  Roberts,  J. 

M.  Thomson. 
P.  Phillips  Bedson,  H.  B.  Dixon,  Dr. 

W.  R.  Eaton  Hodgkinson,  J.  M. 

Thomson. 
P.  PhiiUps    Bedson,  H.  B.  Dixon, 

T.  Gough. 
P.  Phillips  Bedson,  H.  B.  Dixon, 

J.  L.  Notter. 
Prof.    P.    Phillips    Bedson,    H.  B. 

Dixon,  H.  Forster  Morley. 
Prof.  P.  Phillips  Bedson,  K,  B.  Dixon, 

T.  McFarlane,  Prof.  W.  H.  Pike. 
Prof.  P. Phillips  Bedson,  H.  B.  Dixon, 

H.ForsterMorley,Dr.W.J.8imp6on. 
Prof.    P.  Phillips    Bedson,    H.    B. 

Dixon,  H.  Forster  Morley,  W.  W. 

J.  Nicol,  C.  J.  Woodward. 
Prof.  P.  Phillips  Bedson,  H.  Forster 

Morley,  W.  Thomson. 
Prof.  H.  B.  Dixon,  H.  Forster  Morley, 

R.  B.  Moyle,W  W.J.  Nicol. 
H.  Forster  Morley,  D.  H.  Nagel,  W. 

W.  J.  Nicol,  H.  L.  Pattinson,  jun. 
C.  H.   Bothamley,  Dr.  H.  Forster 

Morley,  D.  H.  Nagel,  Dr.  W.  W. 

J.  Nicol. 
C.  H.  Bothamley,  Dr.  H.  Forster 

Morley,  Dr.  W.  W.  J.  Nicol,  Dr.. 

G.  8.  Turpin. 
Dr.  J.  Gibson,  Dr.  H.  Forster  Morley, 

D.  H.  Nagel,  Dr.  W.  W.  J.  Nicol. 
J.  B.  Coleman,  M.  J.  R.  Dunstan, 

D.  H.  Nagel,  Dr.  W.  W.  J.  Nicol. 
A.  Colefax,  W.  W.  Fisher,  Arthur 

Harden,  H.  Forster  Morley. 


GEOLOGICAL  (and,  until  1851,  GEOGRAPHICAL)  SCIENCE. 

COHUITTES   OF  SOIENCES,   III. — QEOLOGT  AND  OBOGBAPHT. 


1832.  Oxford 

1833.  Cambridge. 
1831.  Edinburgh . 


1835.  Dublin. 

1836.  Bristol . 


1837.  Liverpool... 

1838.  Newcastle. . 

1839.  Birmingham 


R.  I.  Murchison,  F.R.8.  ... 
G.  B.  Greenough,  F.B.S. ... 
Prof.  Jameson  


John  Taylor. 

W.  Lonsdale,  John  Phillips. 
Prof.  Phillips,  T.  Jameson  Torrie, 
Rev.  J.  Tates. 


SECTION  C— OBOLOOT  AND  GEOGRAPHY. 


R.  J.  Griffith 

Rev.  Dr.  Buckbind,  F.R.S.— 

Geography, Vi.  I.  Murchison, 

F.R.S. 
Rev.  Prof.  Sedgwick,  F.R.8.— 

Geography  f  G.B.Greenongh, 

F.R.8. 
C.  LyeU,  F.R.8.,  V.P.G.8.— 

Geography^  Lord  Prudhoe. 
Rev.  Dr.  Buckland,  F.R.S.— 

Geography t  G.B.Greenongh, 

F.R.S. 


Captain  Portlock,  T.  J.  Torrie. 
William   Sanders,    S.    Stutchbury, 
T.  J.  Torrie. 

Captain  Portlock,  R.  Hunter. — Gfee- 
f,  Captain  H.  M.  Denham, 


W.  C.  Trevelyan,  Capt.  Portlock.— 
Geography^  Capt.  Washington.  - 

George  Lloyd,  M.D.,  H.  E.  Strick- 
land, Charles  Darwin. 
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Date  and  Place 


1840.  Glasgow  ... 

1841.  Plymoaib... 

1842.  Manchester 

1848.  Cork 

1844.  Totk 

1846.  Oambridge. 

1846.  Sonthamp- 

ton. 

1847.  Oxford 

1848.  Swansea  .. 
1 849.6irmingham 
1860.Edmbargh 


Presidents 


Charles  Ljell,  F.B.S.— ^«0- 
graphy^  G.  B.  Greenoogh, 
F.R.S. 

H.  T.  De  la  Beche,  F.B.S.  ... 


B.  I.  MorcMson,  F.R.S. 


Richard  E.  Griffith,  F.R.S., 

M.R.LA. 
Henry  Warbnrton^  M.P.,Pre8. 

Geol.  Soc. 
Rev.  Prof.  Sedgwick,  M.A., 

F.R,S. 
Leonard  Homer,F.R.S. — Oeo- 

graphy^  G.  B.  Greenough, 

F.K.S. 
Very  Rev.Dr.Buckland,F.R.S. 

Sir  H.  T.  De  la  Beche,  C.6., 

F.R.S. 
Sir    Charles    Lyell,    F.R.S., 

F.G.S. 
Sir  Roderick   L  Mnrchison, 

F.R.S. 


Secretaries 


W.  J.  Hanulton,  D.  Milne,  Hngh 
Murray,  H.  £.  Strickland,  John 
Sconlar,  M.D. 

W.  J.  Hamilton,Edward  Moore,  M.D., 
R.  Hutton. 

£.  W.  Binney,  R.  Hutton,  Dr.  R. 
Lloyd,  H.  £.  Strickland. 

Francis  M.  Jennings,  H.  S.  Strick- 
land. 

Prof.  Ansted,  E.  H.  Bonbnry. 

Rev.  J.  C.  Cumming,  A.  C.  Ramsay> 

Rev.  W.  Thorp. 
Robert  A.  Austen,  Dr.  J.  H.  Norton, 

Prof.  Oldham. — Geography ,  Dr.  O. 

T.  Beke. 
Prof.  Ansted,  Prof.  Oldham,  A.  C. 

Ramsay,  J.  Ruskin. 
Starling    Benson,    Prof.    Oldham^ 

Prof.  Ramsay. 
J.  Beete  Jukes,  Prof.  Oldham,  Prof. 

A.  C.  Ramsay. 
A.  Keith  Johnston,  Hugh  Miller, 
1     Prof.  Nicol. 


1851. 
1852. 

1853. 

1854. 

1855. 
1856. 

1857. 
1858. 
1859. 
1860. 
1861. 
1862. 
1863. 


Ipswich   ... 
Belfast 


SECTION  C  {cordinv^ed), — GEOLOGT. 
WilliamHopkins,M.A.,F.R.S. 


Hull 

Liverpool , . 

Glasgow  ... 

Cheltenham 

Dublin 

Leeds^  • 

Aberdeen,.. 

Oxford 

Manchester 
Cambridge 
Newcastle 


Lieut-Col.    Portlock,    R.E., 
F.R.S. 

Prof.  Sedgwick,  F.R.S 

Prof.  Edward  Forbes,  F.R.S. 

Sir  R.  I.  Murchison,  F.R.S... . 

Prof.  A.  C.  Ramsay,  F.R.S.... 

The  Lord  Talbot  de  Malahide 

WilliamHopkins,M.A.,LL.D., 

F.R.8. 
Sir    Charles    Lyell,    LL.D., 

D.C.L.,  F.R.S. 
Rev.  Prof.  Sedgwick,  LL.D.. 

F.R.S.,  F.G.S. 
Sir  R.  I.  Murchison,  D.C.L., 

LL.D.,  F.R,S. 
J.  Beete  Jukes,  M.A.,  F.R.S. 

Prof.  Warington  W.  Smyth, 
F.R.S.,  F.G.S. 


C.  J.  F.  Bunbury,  G.  W.  Ormerod, 

Searles  Wood. 
James    Bryce,    James    MacAdam, 

Prof.  M«Coy,  Prof.  Nicol. 
Prof.  Harkness,  William  Lawton. 
John  Cunningham,  Prof.  Harkness, 

G.  W.  Ormerod,  J.  W.  Woodall. 
James  Bryce,  Prof.  Harkness,  Prof. 

Nicol. 
Rev.  P.  B.  Brodie,  Rev.   R.  Hep- 
worth,  Edward  Hull,  J.  Scougall, 

T.  Wright. 
Prof.  Harkness,    Gilbert    Sanders, 

Robert  H.  Scott. 
Prof.   Nicol,  H.    C.    Sorby,  E.  W. 

Shaw. 
Prof.  Harkness,  Rev.  J.  Longmuir, 

H.  C.  Sorby. 
Prof.  Harkness,  Edward  Hull,  Capt. 

D.  C.  L.  Woodall. 
Prof.  Harkness,   Edward   Hull,  T. 

Rupert  Jone?,  G.  W.  Ormerod. 
Lucas    Barrett,    Prof.    T.    Rupert 

Jones,  H.  C.  Sorby. 
E.  F.   Boyd,  John  Daglish,  H.  Ck 

Sorby,  Thomas  Sopwith. 


>  At  a  meeting  of  the  General  Committee  held  in  1850,  it  was  resolved  *  Tliat 
the  subject  of  Geography  be  separated  from  Geology  and  combined  with  Ethnology, 
to  constitute  a  separate  Section,  under  the  title  of  the  "Geographical  and  Ethno- 
logical Section,"  for  Presidents  and  Secretaries  of  which  see  page  Ix. 
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Date  and  Place 


Presidents 


Secretaries 


1864. 

1865. 

1866. 

1867. 

1868. 

1869. 

1870. 

1871. 

1872. 

1873. 

1874. 

1876. 

1876. 
1877. 

1878. 

1879. 
1880. 

1881. 

1882. 
1883. 
1884. 
1885. 
1886. 
1887. 
1888. 
1889. 
1890. 
1891. 
1892. 
1893. 
1894. 


Bath 

Birmingham 

Nottingham 

Dundee    ... 

Norwich  ... 

Exeter 

Liverpool... 

Edinburgh 

Brighton... 

Bradford ... 

Belfast 

Bristol... 

Glasgow 
Plymouth... 

Dublin 

Sheffield  ... 
Swansea  ... 
York 

Southamp- 
ton. 
Southport 

Montreal ... 

Aberdeen... 

Birmingham 

Manchester 

Bath 

Newcastle- 
upon-Tyne 
Leeds  

Cardiff 

Edinburgh 

Nottingham 

Oxford 


Prof.    J.      Phillips,     LL.D., 

F.R.S.,  F.G.S. 
Sir  B.  I.   Murchison,  Bart., 

K.C.B. 
Prof.  A.  C.  Ramsay,  LL.D., 

F.R.S. 
Archibald     Geikie,     F.R.S., 
I     F.G.S. 
R.    A.    C.    Godwin- Austen, 

F.R.S.,  F.G.S. 
Prof.    R.    Harkness,   F.R.S., 

F.G.S. 
Sir  Philip de  M.Grey  Egerton, 

Bart,  M.P.,  F.R.8. 
Prof.  A.  Geikie,  F.R.S.,  F.G.S. 

R.    A.    C.    €k)dwin-Aiiflten, 
i     F.R.S.,  F.G.S. 
Prof.     J.    Phillips,     D.C.L., 

F.R.S.,  F.G.S. 
Prof.    Hull,    M.A.,    F.B.S., 

F.G.S. 
Dr.  Thomas  Wright,  F.R.S.E., 

F.G.S. 

Prof.  John  Young,  M.D 

W.  Pengelly,  F.R.S.,  F.G.S. 

John  Evans,  D.C.L.,  F.R.S., 

F.S.A.,  F.G.S. 
Prof.  P.  M.  Duncan,  F.R.S. 
H.  C.  Sorby,  F.R.a.,  F.G.S... . 
A.  C.  Ramsay,  LL.D.,  F.R.S., 

F.G.S. 
R.  Etheridge,  F.R.S.,  F.G.S. 

Prof.    W.     C.     Williamson, 

LL.D..  F.R.S. 
W.  T.  Blanford,  F.RS,  Sec. 

G.S. 
Prof.  J.  W.  Judd,  F.R.S.,  Sec. 

G.S. 
Prof.  T.    G.   Bonney,   D.Sc, 

LL.D.,  F.R.S.,  F.G.S. 
Henry     Woodward,     LL.D., 

F.R.S.,  F.G.S. 
Prof.  W.  Boyd  Dawkins,  M.A., 

F.R.S.,  F.G.S. 
Prof.  J.Geikie,LL.D.,D.C.L., 

F.R.8.,  F.G.S. 
Prof.    A.    H.    Green,    M.A., 

F.R.S.,  F.G.S. 
Prof.  T.  Rupert  Jones,  F.R.S., 

F.G.S. 
Prof.    C.    Lapworth,    LL.D., 

F.R.S.,  F.G.S. 
J.  J.  H.  Teall,  M.A.,  F.R.S., 

F.G.S. 
L.  Fletcher,  M.A.,  F.R.S. 


W.  B.  Dawkins,  J.  Johnston,  H.  C. 
Sorby,  W.  Pengelly. 

Rev.  P.  B.  Brodie,  J.  Jones,  Rev.  £• 
Myers,  H.  C.  Sorby,  W.  Pengelly. 

R.  Etheridge,  W.  Pengelly,  T.  Wil- 
son, G.  H.  Wright. 

Edward  Hull,  W.  Pengelly,  Henry 
Woodward. 

Rev.  O.  Fisher,  Rev.  J.  Gunn,  W. 
Pengelly,  Rev.  H.  H.  Winwood. 

W.  Pengelly,  W.  Boyd  Dawkins, 
Rev.  H.  H.  Winwood. 

W.  Pengelly,  Rev.  H.  H.  Winwood, 
W.  Boyd  Dawkins«  G.  H.  Morton. 

R.  Etheridge,  J.  Gcikie,  T.  McKenny 
Hughes,  L.  C.  Miall. 

L.  G.  Miall,  George  Scott,  William 
Topley,  Henry  Woodward. 

L.  C.  Miall,  R.  H.  Tiddeman,  W. 
Topley. 

F.  Drew,  L.  C.  Miall,  R.  G.  Symes, 
R.  H.  Tiddeman. 

L.  C.  Miall,  B.  B.  Tawney,  W.  Top- 
ley. 

J.Armstrong,F.W.Rudler,W.Topley. 

Dr.  Le  Neve  Foster,  R.  H.  Tidde- 
man, W.  Topley. 

B.  T.  Hardman,  Prof.  J.  O'Reilly, 
R.  H.  Tiddeman. 

W.  Topley,  G.  Blake  Walker. 

W.  Topley,  W.  V/hitaker. 

J.  E.  Clark,  W.  Keeping,  W.  Topley, 
W.  Whitaker. 

T.  W.  Shore,  W.  Topley,  E.  West- 
lake,  W.  Whitaker. 

R.  Betley,  C.  E.  De  Ranee,  W.  Top- 
ley,  W..  Whitaker. 

F.  Adams,  Prof.  E.  W.  Claypole,  W. 
Topley,  W.  Whitaker. 

C.  B.  De  Ranee,  J.  Home,  J.  J.  H. 
Teall,  W.  Topley. 

W.  J.  Harrison,  J.  J.  H.  Xeall,  W. 

Topley,  W.  W.  Watts. 
J.  B.  Marr,  J.  J.  H.  Teall,  W.  Top- 
ley,  W.  W.  Watts. 
Prof.  G.  A.  Lebour.  W.  Topley,  W. 

W.  Watts,  H.  B.  Woodward. 
Prof.  G.  A.  Lebour,  J.  E.  Marr,  W. 

W.  Watts,  H.  B.  Woodward. 
J.  E.  Bedford.  Dr.  F.  H.  Hatch,  J. 

E.  Marr,  W.  W.  Watts. 
W.  Galloway,  J.  E.  Marr,  Clement 

Reid,  W.  W.  Watts. 
H.  M.  Cadell,  J.  E.  Marr,  Clement 

Reid,  W.  W.  Watts. 
J.  W.  Carr,  J.  B.  Marr,  Clement 

Reid,  W.  W.  Watts. 
F.  A.  Bather,  A    Harker,  Qemcnt 

Reid,  W.  W.  Watts. 
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REPORT — 1894, 


Date  and  Place 


Presidents 


Secretaries 


BIOLOGICAL  SCIENCES. 

COMMITTEE   OF   SCIENCES,   IV. — ZOOLOGY,   BOTANT,   PHYSIOLOGY,  ANATOMY. 

1832.  Oxford I  Rev.  P.  B.  Duncan,  F.G.S.  ...|Rev.  Prof.  J.  S.  Henslow. 

1 83a.  Cambridge  •  i  Ke v.  W.  L.  P.  Gamons,  F.L.8.  C.  C.  Babington,  D.  Don. 
1834.  Edinburgh.! Prof.  Graham \\\  Yarrell,  Prof.  Burnett. 


1835.  Dublin. 

1836.  Bristol. 


1837.  Liverpool... 

1838.  Newcastle 

1 839.  Birmingham 

1840.  Glasgow  ... 

1841.  Plymouth... 

1842.  Manchester 


1843.  Cork., 

1844.  York.. 


1845.  Cambridge 

1846.  Southamp- 

ton. 

1847.  Oxford 


SECTION  D. — ZOOLOGY  AND  BOTANY. 

Dr.  AUman J.  Curtis,  Dr.  Litton. 

Rev.  Prof.  Henslow jj.  Curtis,  Prof.  Don,  Dr.  Riley,  ^^. 

Rootsey. 

W.  S.  MacLeay 'C.  C.  Babington,  Rev.  L.  Jenyns,  W. 

I     Swainson. 

Sir  W.  Jardine,  Bart J.  B.  Gray,  Prof.  Jones,  R.  Oweu» 

Dr.  Richardson. 

Prof.  Owen«  F.R.S !e.  Forbes,  W.  Ick,  R.  Patterson. 

Sir  W.  J.  Hooker,  LL.D iProf.  W.  Couper,  E.  Forbes,  R.  Pat- 

I     terson. 
John  Richardson,  M.D.,  F.R.S. '  J.  Couch,Dr.  Lankester,  R.  Patterson. 
Hon.  and  Very  Rev.  W.  Her-  Dr.  Lankester,  R.  Patterson,  J.  A. 

bert,  LL.D.,  F.L.S.  I     Turner. 

William  Thompson,  F.L.S. ...  G.  J.  Alhnan,    Dr.    Lankester,  R. 

j     Patterson. 
Very  Rev.  the  Dean  of  Man- 'Prof.  Allman,  H.  Goodsir,  Dr.  Kingr, 

Chester.  I     Dr.  Lankester. 

Rev.  Prof.  Henslow,  F.L.S....|Dr.  Lankester,  T.  V.  WoUaston. 
Sir    J.    Richardson,    M.D.,    ,  Dr.  Lankester,  T.  V.Wollaston,  11. 

F.R.S.  I     Wooldridge. 

H.  E.  Strickland,  M.A.,  F.R.S.  Dr.  Lankester,  Dr.  Melville,  T.  V. 
'     Wollaston. 


SECTION  D  (continued). — ^zoology  and  botany,  including  physiology. 

[For  the  Presidents  and  Secretaries  of  the  Anatomical  and  Physiological  Sub- 
sections and  the  temporary*  Section  £  of  Anatomy  and  Medicine,  see  p.  liz.] 


1848.  Swansea  ...:L.  W.  Dillwyn,  F.R.S. 


I 

1 849.  Birmingh9,m 

1850.  Edinburgh 

1851.  Ipswich    ... 

1852.  Belfast 


William  Spence,  F.R.S , 

Prof.  Goodsir,  F.R.S.  L.  Sc  E. 

Rev.  Prof.  Henslow,  M.A., 

F.R.S. 
W.  Ogilby 


1853.  Hull 

1854.  Liverpool... 

1855.  Glasgow  ... 

1856.  Cheltenham  i 

1857.  Dublin.... 


C.  C.  Babington,  M.A.,  F.R.S. 
Prof.  Balfour,  M.D.,  F.R.S..,. 
Rev.  Dr.  Fleeming,  F.R.S.E. 
Thomas  Bell,  F.R.S.,  Pres.L.S. 

tProf.  W.  H.  Harvey,  M.D., 
I     F.R.S. 


Dr.  R.  Wllbraham  Falconer,  A.  Hen- 
frey,  Dr.  Lankester. 

Dr.  Lankester,  Dr.  Russell. 

Prof.  J.  H.  Bennett,  M.D.,  Dr.  Lan- 
kester, Dr.  Douglas  Maclagan. 

Prof.  Allman,  F.  W.  Johnston,  Dr.  E. 
Lankester. 

Dr.  Dickie,  George  C.  Hyndman,  Dr. 
Edwin  Lankester. 

Robert  Harrison,  Dr.  E.  Lankester. 

Isaac  Byerley,  Dr.  E.  Lankester. 

William  Eeddie,  Dr.  liankester. 

Dr.  J.  Abercrombie,  Prof.  Buckman, 
Dr.  Lankester. 

Prof.  J.  R.  Klnahan,  Dr.  E.  Lankester, 
Robert  Patterson,  Dr.  W.  E.  Steele. 


*  At  this  Meeting  Physiology  and  Anatomy  were  made  a  separate  Committee, 
toT  Preeldenta  and  Secretaries  of  which  see  p.  lix. 
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Date  and  Place 


Presidents 


IS5S.  Leeds  C.  C.  Babington,  M.A^  F.B.S. 

1 S59.  Aberdeen.. .  [  Sir  W.  Jardine,  Bart.,  F.B.S.E. 

1860.  Oxford Rev.  Prof.  Henslow,  F.L.S.... 

1861.  Manchester  Prof.  C.  C.  Babington,  F.R.S. 

1862.  Cambridge    Prof.  Huxley,  F.R.8 

1863.  Newcastle     Prof.  Balfour,  M.D..  F.R.S.... 

1864.  Bath Dr.  John  E.  Gray,  F.R.S.    ... 

t 
1365. Birmingham  T.  Thomson,  M.D.,  F.R.S.  ... 


Secretaries 


Henry  Denny,  Dr.  Heaton,  Dr.  E. 

Lankester,  Dr.  E.  Perceval  Wright. 
Prof.  Dickie,  M.D.,  Dr.  E.  Lankester, 

Dr.  Ogilvy. 
W.  S.  Church,  Dr.  E.  Lankester,  P. 

L.  Sclater,  Dr.  E.  Perceval  Wright. 
Dr.  T.  Alcock,  Dr.  E.  Lankester^  Dr. 

P.  L.  Sclater,  Dr.  E.  P.  Wright. 
Alfred  Newton,  Dr.  E.  P.  Wright. 
Dr.  E.  Charlton,  A.  Newton,  Rov.  H. 

B.  Tristram,  Dr.  E.  P.  Wright. 
H.  B.  Brady,  C.  E.  Broom,  H.  T. 

Stainton,  Dr.  E.  P.  Wright. 
Dr.  J.  Anthony,  Rev.  C.  Clarke,  Rev. 

H.  B.  Tristram,  Dr.  E.  P.  Wright. 


SECTION  D  (Goniinued), — biology.' 


1866.  Nottingham 

1867.  Dundee    ... 
1368.  Norwich  ... 


1869.  Exeter. 


1370.  Liverpool., 


1871.  Edinburgh 


tS72.  Brighton  ... 


1373.  Bradford  ... 


Prof.  Huxley,  LL.D.,  F,R.S. 

---Pkynological  Bcp^  Prof. 

Humphry,  M.D.,   F.R.S.— 

Antkropologioal  Dep^  Alf. 

R.  Wallace,  F.R.G.S. 
Prof.  Sharpey,  M.D.,  Sec.  R.S. 

— Dep.  qf  ZooL  and  Bat., 

George  Busk,  M.D.,  F.R.S. 
Rev.  M.  J.  Berkeley,  F.L.S. 

—Bep,  of   Physiolcffjf,  W. 

H.  Flower,  F.R.S. 

George  Busk,  F.R.S.,  F.L.S. 
— Bep,  of  Bot,  and  ZooU, 
C.  Spence  Bate,  F.R.S.— 
Bep,  ofMhno.y  B.  B.  Tylor. 

Prof.G.  Rolleston,  M.A.,  M.D., 
F.R.8.,  F.Ij.H.— Bep.  of 
Anat.  and  PAy«i<^.,Prof.M. 
Foster,  M.D.,  F.Ij.S.—Bep. 
ofEthno.,  J.  Evans,  F.R.8. 

I^f.  Allen  Thomson,  M.D., 
Y.K&.—Bep.  of  Bat.  and 
2b0;.,Prof.WyvilleThomson, 
F.R.8.— 2^/;.  of  Anthropol., 
Prof.  W.  Turner,  M.D. 

Sir  J.  Lubbock,  Bart.,F.R.S.<- 
Bep,  of  Anat.  and  PhyrioLf 
Dr.  Burdon  Sanderson, 
F.R.S.— Zfcrp.  of  AntkropoLy 
Col.  A.  Lane  Fox,  F.G.S. 

Prof.  Allman,F.R.S.— i)f?p.  of 
AnatMndPhyiioL,^rof.  Ru- 
therford, M.D. — Bep.  ofAn- 
thrapol,  Dr.  Beddoe,  F.R.S. 


Dr.  J.  Beddard,  W.  Felkin,  Rev.  H. 
B.  Tristram,  W.  Turner,  E.  B. 
Tylor,  Dr.  E.  P.  Wright. 


C.  Spence  Bate,  Dr.  S.  Cobbold,  Dr. 
M.  Foster,  H.  T.  Stainton,  Rev. 
H.  B.  Tristram,  Prof.  W.  Turner. 

Dr.  T.  S.  Cobbold,  G.  W.  Firth,  Dr. 
M.  Foster,  Prof.  Lawson,  H.  T . 
Stainton,  Rev.  Dr.  H.  B.  Tristram, 
Dr.  E.  P.  Wright. 

Dr.  T.  S.  Cobbold,  Prof.  M.  Foster, 
£.  Ray  Lankester,  Prof.  Lawson, 
H.  T.  Stainton,  Rev.  H.  B.  Tris- 
tram. 

Dr.  T.  8.  Cobbold,  Sebastian  Evans, 
Prof.  Lawson,  Thos.  J.  Moore,  H. 
T.  Stainton,  Rev.  H.  B.  Tristram, 
C.  Staniland  Wake,  E.  Ray  Lan- 
kester. 

Dr.  T.  R.  Fraser,  Dr.  Arthur  Gamgee, 
E.  Ray  Lankester,  Prof.  Lawson, 
H.  T.  Stainton,  C.  Staniland  Wake, 
Dr.  W.  Rutherford,  Dr.  Kelburne 
King. 

Prof.  Thiselton-Dyer,H.  T.  Stainton, 
Prof.  Lawson,  F.  W.  Rudler.  J.  H. 
Lamprey,  Dr.  Gamgee,  E.  Ray 
Lankester,  Dr.  Pye-Smith. 

Prof.  Thiselton-Dyer,  Prof.  Lawson, 
R.  M'Lachlan,  Dr.  Pye-Smith,  E. 
Ray  Lankester,  F.  W.  Rudler,  J. 
H.  Lamprey. 


*  At  a  meeting  of  the  General  Committee  in  1865,  it  was  resolved  <That  the 
title  of  Section  D  be  changed  to  Biology ; '  and  <  That  for  the  word  **  Subsection,'' 
in  the  rules  for  conducting  the  business  of  the  Sections,  the  word  << Department" 
be  sobstitated.' 
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Date  and  Flaoe 


Presidents 


1874.  Belfast. 


1875.  Bristol ... 


1876.  Glasgow 


1877.  Pljmouth... 


'prof.  Eedfem,  U.D.—Dep.  of 
ZooL  and  Bot,,  Dr.  Hooker, 
C.B.,Pre8.R.8.— D/y.  ofAn- 
throp.,  Sir  W.R.  Wilde,  M.D 


Secretaries 


E.  B.  Alston,  Hyde  Clarke,  Dr. 
Knox,  Prof.  W.  R.  M*Nab,  Dr. 
Muirhead,  Prof.  Morrison  Wat- 
son. 


1878.  Dublin . 


1879.  Sheffield  .. 


1880.  Swansea  ... 


W.  T.  Thiseiton-Dyer,  R.  O.  Cunninjr- 

ham,  Dr.  J.  J.  Charles,  Dr.  P.  H. 

Pye-Smith,  J.  J.  Murphy,  F.  W. 

Rudler. 

P.  L.  Sclater,  F.R.S.—2>cp.<j/'  E.  R.  Alston,  Dr.  McKendrick,  Prof. 

AnatuindPhytiol,'Bxoi,C\e'      W.  R.  M*Nab,  Dr.  Martyn,  F.  W. 

land,  M.D.,  F.R.8.— 2>tfp.  ^     Rudler,  Dr.  P.  H.  Pye-Smith,  Dr. 

Anthropolf  Prof.  RoUeston,      W.  Spencer, 

M.D.,  F.R.8. 
A.  Russel  Wallace,  F.R,G.S., 

F.L.S.— jD^.  of  Zool.  and 

Bat,j  Prof.  A.  Newton,  M.A., 

F.R.S.—i?<p.  of  Anat.  and 

Physioly  Dr.  J.  G.  McKen- 
drick, F.R.S.E. 
J.GwynJeffreys,LL.D.,F.R.S.,  E.  R.  Alston,  F.  Brent,  Dr.  D.  J. 

F.L.S. — Bep.  of  Anat.  and\     Cunningham,  Dr.  C.  A.  Hingfston, 

Phynoh,  Prof.  Macalister,!     Prof,  W.  R.  M*Nab,  J.  B.  Rowe, 

M.D.— 2>/?p.  of  AtUhropol,      F.  W.  Rudler. 

Francis  Galton,  M.A.,F.R.8. 
Prof.  W.  H.  Flower,  F.R.S.--  Dr.  R.  J.  Harvey,  Dr.  T.  Hayden, 

Bep,   of  AfUhropol,  Prof.t     Prof.  W.  R.  M«Nab,  Prof.  J.  M. 

Huxley,    Sec.    R,S.—Bep.  1     Purser,  J.  B .  Rowe,  F.  W.  Rudler. 

of  Anat.  and  Phynol,,  R.l 
'  McDonnell,  M.D.,  F.R.S.  j 
Prof.    St.    George     Mi vart, '  Arthur  Jackson,  Prof.  W.  R.  M'Xah, 

V.VL^.—Bep.ofAnthropoL,      J.  B.  Rowe,  F.  W.  Rudler,  Prof . 

E.  B.  Tylor,  D.C.L.,  F.R.S.      Schafer. 

— Bep.  of  Anat,  and  Pky^ 

sioly  Dr.  Pye-Smith. 
A.  C.L.Gunther,M.D.,F.R.S.  G.    W.    Bloxam,    John    Priestley, 


1881.  York.. 


1882.  Southamp- 
ton.' 


1883.  Southport* 

1884.  Montreal  .. 

1885.  Aberdeen.. 


— B^p.  of  Anat.  and  Phy- 
gicl,  F.  M.  Balfour,  M.A., 
¥.B..S.—Bep.  of  Anthropol., 
F.  W.  Rudler,  F.G.S. 

Richard  Owen,  C.B.,  M.D., 
F.B,.S.—B&p.ofAnthropol,  i 
Prof.  W.  H.  Flower,  LL.D., 
F.B..8.—B€p.  of  Anat.  and 
Physiol.,  Prof.  J.  S.  Burden 
Sanderson,  M.D.,  F.R.S. 

Prof.  A.  Gamgee,  M.D.,  F.R.S. 
—  Bep.  of  Zool.  and  Bat., 
Prof.  M.  A.  Lawson,  M.A., 
F.L.S. — Bep.  of  Antkrojwl., 
Prof.  W.  Boyd  Dawkins, 
M.A.,  F.R.S. 

Prof.  E.  RayLanke8ter,M.A., 
F.R.S.— Dffp.  of  Anthropol., 
W.  Pengelly,  F.R.S. 

Prof.  H.  N.  Moseley,  M.A., 

F  R  8 
Prof.  W."  C.  Mcintosh,  M.D., 

LL.D.,  F.RS.  F.R.S.E. 


Howard   Saunders,  Adam  Sedg- 
wick. 


G.  W.  Bloxam,  W.  A.  Forbes,  Rev. 
W.  C.  Hey,  Prof.  W.  R.  M*Nab, 
W.  North,  John  Priestley,  Howanl 
Saunders,  H.  E.  Spencer. 


G.  W.  Bloxam,  W.  Heape,  J,  B. 
Nias,  Howard  Saunders,  A.  Sedg- 
wick, T,  W.  Shore,  jun. 


G.  W.  Bloxam,  Dr.  G.  J.  Haslam, 
W.  Heape,  W.  Hurst,  Prof.  A.  M. 
Marshall,  Howard  Saunders,  Dr. 
G.  A.  Woods. 

Prof.  W.  Osier,  Howard  Saunders,  A. 
Sedgwick,  Prof.  R.  R.  Wright. 

W.  Heape,  J.  McGregor- Robertson, 
J.  Duncan  Matthews,  Howard 
Saunders,  H.  Marshall  Ward. 


\  The  Departments  of  Zoology  and  Botany  and  of  Anatomy  and  Physiology  were 
amalgamated. 

'  Anthropology  was  made  a  separate  Section,  see  p.  Ixvi. 
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Date  and  Place 


1886.  Blrmkigham 

1887.  Manchester 

1888.  Bath 


1889.  Newcastle- 

upon-Tyne 

1890.  Leeds  ^.... 


189U  CaidifE 

1892.  Edinburgh 

1893.  Nottingham^ 


1894.  Oxford. 


Presidents 


W.    Carmthers,    Pres.    L.S., 
F.R.S.,  F.G.8. 

Prof.  A.  Newton,  M.A.,  F.B.S., 
P.L.S.,  V.P.Z.S. 

W.  T.  Thiselton-Dyer,  C.M.G., 
F.R.S.,  F.L.8. 

Prof.  J.  S.  Burdon  Sanderson, 
M.A.,  M.D.,  F.R.S. 

Prof.   A.    Milnes     Marshall, 
M.A.,  M.D.,  D.Sc.,  F.R.S. 


Frs^cis  Darwin,  M.A.,  M.B., 
F.R.S.,  F.L.S. 

Prof.  W.  Rutherford,  M.D., 
F.R.S.,  F.R.S.E. 

Rev.  Canon  H.  B.  Tristram, 
M.A.,  LL.D.,  F.R.S. 


Prof.  I.  Bayley  Balfour,  M.A., 
F.R.8. 


Secretaries 


Prof.  T.  W.  Bridge,  W.  Heape,  Prof. 
W.  Hillhouse,  W.  L.  Sclater,  Prof. 
H.  Marshall  Ward. 

C.  Bailey,  F.  B.  Beddard,  S.  F.  Har- 
mer,  W.  Heape,  W.  L.  Sclater, 
Prof.  H.  MarshaU  Ward. 

P.  E.  Beddard,  S.  F.  Harmer,  Prof. 
H.  Marshall  Ward,  W.  Gardiner^ 
Prof.  W.  D.  HaUiburton. 

C.  Bailey,  F.  E.  Beddard,  S.  F.  Har- 
mer.  Prof.  T.  Oliver,  Prot  H.  Mar- 
shall Ward. 

8.  F.  Haimer,  Prof.  W.  A.  Herdman, 
Dr.  S.  J.  Hickson,  Prof.  F.  W, 
Oliver,  H.  Wager,  Prof.  H.  Mar- 
shall Ward. 

F.  E.  Beddard,  Prof.  W.  A.  Herdman^ 
Dr.  S.  J.  Hickson,  G.  Murray,  Prof. 
W.  N.  Parker,  H.  Wager. 

G.  Brook,  Prof.  W.  A.  Herdman,  G. 
Murray,  Prof.  W.  Stirling,  H. 
Wager. 

G.  0.  Bourne,  Prof.  J.  B.  Farmer, 

Prof.  W.  A.  Herdman,  Dr.  8.  J. 

Hickson,  Dr.  W.  B.  Ransom,  W. 

L.  Sclater. 
W.  W,  Benham,  Prof.  J.  B.  Farmer^ 

Prof.  W  A.  Herdman,  Prof.  S.  J. 

Hickson,  G.  Murray,  W.  L.  Sclater. 


ANATOMICAL  AND  PHYSIOLOGICAL  SCIENCES, 

COMMITTEE  OF  SCIENCES,  V. — ANATOMY  AND  PHTSIOLOGT. 


1 833.  Cambridge  I  Dr.  J.  Haviland 

1834.  Edinburgh   I  Dr.  Abercrombie  ....... 


.  Dr.  H.  J.  H.  Bond,  Mr.  G.  B.  Paget., 
.  Dr.  Roget,  Dr.  William  Thomson. 


SECTION  E   (until  184!7). — ANATOMY  AND  MEDICINE. 


1836.  Dublin 

18^.  Bristol 

1837.  Liverpool... 

1838.  Newcastle 

1839.  Birmingham 

1840.  Glasgow  ... 


Dr.  J.  C.  Pritchard  

Dr.  P.  M.  Roget,  F.R.S. 
Prof.  W.  Clark,  M.D.   ... 


T.  E.  Headlam,  M.D 

John  Yelloly,  M.D.,  F.R.S. 
James  Watson,  M.  D 


Dr.  Harrison,  Dr.  Hart. 

Dr.  Symonds. 

Dr.  J.   Carson,  jun.,  James  Long, 

Dr.  J.  R.  W.  Vose. 
T.  M.  Greenhow,  Dr.  J.  R.  W.  Vose. 
Dr.  G.  O.  Rees,  F.  Ryland. 
Dr.  J.  Brown,  Prof.  Couper,  Prof, 

Reid. 


SECTION  E. — PHYSIOLOGY. 


1841.  Plymouth... 

1842.  Manchester 
1848.  Cork 

1844.  York 

1845.  Cambridge 


P.  M.  Roget,  M.D.,  Sec.  R.S. 

Edward  Holme,  M.D.,  F.L.S. 
Sir  James  Pitcaim,  M.D.    ... 

J.  C.  Pritchard,  M.D 

Pn>f.  J,  Haviland,  M.D 


Dr.  J.  Butter,  J.  Fuge,  Dr.  R.  S. 

Sargent. 
Dr.  Chaytor,  Dr.  R.  S.  Sargent. 
Dr.  John  Popham,  Dr.  R.  S.  Sargent. 
I.  Erichsen,  Dr.  R.  8.  Sargent. 
Dr.  R.  S.  Sargent,  Dr.  Webster. 


>  Physiology  was  made  a  separate  Section,  see  p.  lxvi« 
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Date  and  Place 


1846.  Sonthamp- 

tOD. 

IB  47.  Oxford »   ... 


Presidents 


Prof.  Owen,  M.D.,  F.B.S. 
Prof.  Ogle,  M.D.,  F.R.S.  . 


Secretaries 


C.  P.  Keele,  Dr.  Layoock,  Dr.  Sar- 
I     gent. 

'Dr.  Thomas  K.   Chambers,  W.   P. 
I     Ormorod. 


PHTSIOLOOICAL  SUBSECTIONS  OF  SECTION   D. 

1850.  Edinburgh  Prof.  Bennett,  M.D.,  F.R.S.E. 

1855.  Glasgow  ...  Prof.  Allen  lliomson,  F.B.S. 

1857.  Dublin Prof.  R.  Harrison,  M.D 

1858.  Leeds  Sir  Benjamin  Brodie,  Bart., 

F.R.S. 

1859.  Aberdeen...  Prof.  Sharpey,  M.D.,  8ecR.S. 

1860.  Oxford Prof.O.Bolleston,M.D.,F.L.8. 

1861.  Manchester  Dr.  John  Davy,  F.R,S.  L.  &  K. 

1862.  Cambridge    G.  B.  Paget,  M.D 

1863.  Newcastle     Prof,  Rolleston,  M.D.,  F.B.S. 

1864.  Bath Dr.   Edward    Smith,   LL.D., 

F.R.S. 
IS65.  Binning.       Prof.  Acland,   M.D.,  LL.D., 
ham."  F.R.S. 


Prof.  J.  H.  Corbett,  Dr.  J.  Struthers. 
Dr.  R  D.  Lyons,  Prof.  Bedfern. 
C.  G.  Wheelhouse. 

Prof.  Bennett,  Prof.  Bedfern. 
Dr.  R.  McDonnell,  Dr.  Edward  Smith. 
Dr.  W.  Boberts,  Dr.  Edward  Smith. 
G.  F.  Helm,  Dr.  Edward  Smith. 
Dr.  D.  Embleton,  Dr.  W.  Turner. 
J.  S.  Bartrum,  Dr.  W.  Turner. 

Dr.  A.    Fleming,    Dr.    P.    Heslop, 
I     Oliver  Pembleton,  Dr.  W.  Turner. 


GEOGRAPHICAL  AND  ETHNOLOGICAL  SCIENCES. 

[For  Presidents  and  Secretaries  for  Geography  previous  to  1851,  see  Section  C, 
f>.  Uii.] 

ETHNOLOGICAL  SUBSECTIONS   OF  SECTION   D. 


1846.Southampton 
^847.  Oxford  

1848.  Swansea    ... 

1849.  Birmingham 

1850.  Edinburgh 


Dr.  J.  C.  Pritchard  

Prof.  H.  H.  Wilson,  M.A. 


Vice- Admiral  Sir  A.  Malcolm 


Dr.  King. 
Prof.  Buckley. 
G.  Grant  Francis. 
Dr.  B.  G.  Latham. 
Daniel  Wilson. 


1851. 
1852. 
1853. 
1354. 
^855. 
1856. 
1857. 


Ipswich    ... 

Belfast 

Hull 

Liverpool... 
Glasgow  ... 
Cheltenham 
Dublin 


SECTION   E. — GEOORAPHT  AND   ETHNOLOQT. 

Sir  B.  L  Murchison,  F.B.S.,'B.  Cull,  Bev.  J.  W.  Donaldson,  Dr. 


Pres.  R.G.S, 
Col.   Chesney,  R.A.,   D.C.L., 

F.R.S. 
R.  G.  Latham,  M.D.,  F.R.S. 

Sir  R.  I.  Murchison,  D.C.L., 
F.R.S. 


Norton  Shaw. 
R.  Cull,  R.  MacAdam,  Dr.  Norton 

Shaw. 
R.   Cull,  Rev.    H.  W.  Kemp,   Dr. 

Norton  Shaw. 
Richard  Cull,  Rev.  H.  Higgins,  Dr. 
Ihne,  Dr.  Norton  Shaw. 
Sir    J.    Richardson,     M.D.,|Dr.  W.  G.  Blackie,    B.  Cull,  Dr. 

F.R.S.  Norton  Shaw. 

Col.   Sir   H.   C.    Rawlinson,!R.   Cull,  F.   D.    Hartland,  W.  H. 


K.C.B, 

Rev.  Dr.  J.  Henthorn  Todd, 
Pres.  R.LA. 


Rumsey,  Dr.  Norton  Shaw. 
R.   Cull,  S.   Ferguson,   Dr.  B.    B. 
Madden,  Dr.  Norton  Shaw. 


'  By  direction  of  the  General  Committee  at  Oxford,  Sections  D  and  £  were 
incorporated  under  the  name  of  <  Section  D — Zoology  and  Botany,  including  Phy* 
fiiology '  (see  p.  Ivi.).  Section  £,  being  then  vacant,  was  assigned  in  1861  to 
Oeography. 

*  Vide  note  on  page  IviL 
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Date  and  Place 


1858.  Leeds 


1859.  Aberdeen... 
186a  Oxford 

1861.  Hanchester 

1862.  Cambridge 

1863.  Newcastle 

1864.  Bath 

1865.  Birmingfaam 

1866.  Nottingham 

1867.  Dnndee    ... 
i868.  Norwich  ... 


Presidents 


Sir  R.  I.  MQrchi8on,O.C.St.S., 
F.R.8. 

Rear  -  Admiral  Sir  James 
Clerk  Ross,  D.C.L.,  F.R.S. 

Sir  R.  I.  Murchison,  D.C.L.. 
F.R,8. 

John  Crawford,  F.R.S 


Francis  Galton,  F.R.S 

Sir  R.  I.  Morchison,  K.C.B., 

F.RIS. 
Sir  R.  I.  Morchison,  E.C.B., 

F.R.S. 
Major-Creneral  Sir  H.  Raw- 

linson,  M.P.,  K.C.B.,  F.R.S. 
Sir  Charles  Nicholson,  Bart., 

LL.D. 

Sir  Samuel  Baker,  F.R.G.S. 


Capt  G.  H.  Richards,  R.N., 
F.R.S. 


Secretaries 


R.  Cull,  Francis  Galton,  P.  O'Cal- 
laghan.  Dr.  Norton  Shaw,  Thomas 
Wright. 

Richard  Call,  Prof.Geddes,  Dr.  Nor- 
ton Shaw. 

Capt.  Burrows,  Dr.  J.  Hunt,  Dr.  C. 
Lempri^re,  Dr.  Norton  Shaw. 

Dr.  J.  Hunt,  J.  Kingsley,  Dr.  Nor- 
ton Shaw,  W.  Spottiswoode. 

J.  W.Claf  ke.  Rev.  J.  Glover,  Dr.  Hunt, 
Dr.  Norton  Shaw,  T.  Wright. 

C.  Carter  Blake,  Hume  Greenfield, 
C.  R.  Markham,  R.  S.  Watson. 

H.  W.  Bates,  C.  R.  Markham,  Capt. 
R.  M.  Murohison,  T.  Wright. 

H.   W.  Bates,  S.  Evans,  G.  Jabct, 

C.  R.  Markham»  Thomas  Wright. 
H.  W.  Bates,  Rev.  B.  T.  Cusins,  R. 

H.  Major,  Clements  R.  Markham, 

D.  W.  Nash,  T.  Wright. 

H.  W.  Bates,  Cyril  Graham,  Clements 
R.  Markham,  S.  J.  Mackie,  R. 
Sturrock. 

T.  Baines,  H.  W.  Bates,  aements  R. 
Markham,  T.  Wright. 


1869.  Exeter 

1870.  Liverpool.., 

1871.  Edinburgh 

1872.  Brighton .. 

1873.  Bradford.. 

1874.  Belfast 

1875.  Bristol 

1876.  Glasgow  .. 

1877.  Plymouth.. 

1878.  Dublin 

1879.  Sheffield  .. 

1880.  Swansea  ,. 

1881.  York 

1882.  Southamp- 

ton. 

1883.  Southport 


SECTION  E  {continued), — geoobapht. 

Sir    Bartle    Frere,    K.C.B., 

LL.D.,  F.R.G.S. 
Sir  R.  LMurchison,Bt.,K.C.B., 

LL.D.,  D.C.L.,  F.R.8.,  F.G.S. 
Colonel  Yule,  C.B.,  F.R.G.S. 


Francis  Galton,  F.R.S 

Sir  Rutherford  Alcock,  K.  C.B. 

Major  Wilson,  R.E.,  F.R.S., 

F.R.G.S. 
Lieut.  -  General     Strachey, 

R.E.,C.8.I.,F.R.S.,F.R.G.S., 

F.L.S.,  F.G.S. 
Capt.  Evans,  C.B.,  F.R.S 

Adm.  Sir  E.  Ommanney,  C.B., 
F.R.8.,  F.R.G.S.,  F.li.A.S. 

Prof.  Sir  C.  Wyville  Thom- 
son, LL.D.,F.R.S.,  F.R  8.E. 

Clements  R.  Markham,  C.B., 
F.R.S.,  Sec.  R.G.S. 

Lieut.-Gen.  Sir  J.  H.  Lefroy, 
C.B.,K.C.M.G.,  R.A.,F.R.S., 
F.R.G.8. 

Sir  J.  D.  Hooker,  K.C.S.I., 
C.B..  F.R.S. 

Sir  R.  Temple,  Bart.,  G.C.S.I., 
F.R.G.S. 

Lieut,.Col.  H.  H.  Godwin- 
Austen,  F.R.S. 


H.  W.  Bates,  Clements  R.  Markham, 

J.  H.  Thomas. 
H.W.Bates,  David  Buxton,  Albert  J. 

Mott,  Clements  R.  Markham. 
A.  Bucban,  A.  Keith  Johnston,  Cle- 
ments R.  Markham,  J.  H.  Thomas. 
H.  W.  Bates,  A.  Keith  Johnston, 

Rev.  J.  Newton,  J.  H.  Thomas. 
H.  W.  Bates,  A.  Keith  Johnston, 

Clements  R.  Markham. 
E.  G.  Ravenstein,  E.  C.  Rye,  J.  H. 

Thomas. 
H.    W.    Bates,   E.   C.  Rye,  F.   F. 

Tuckett. 

H.  W.  Bates,  E.  C.  Rye,  R.  Oliphani 

Wood. 
H.  W.  Bates,  F.  E.  Fox,  E.  C.  R}  e. 

John  Coles,  E.  C.  Rye. 

H.  W.  Bates,  C.  E.  D.  Black,  E.  C. 

Rye. 
H.  W.  Bates,  B.  C.  Rye. 


J.  W.  Barry,  H.  W.  Bates.  Y  3  TI! 

E.  G.  Ravenstein,  E.  C.  Rye. 

John  Coles,  E.  G.  Ravenstein/ E.  C. 
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Date  and  Place 


1884. 
1885. 
188G. 
1887. 
1888. 
1889. 
1890. 
1891. 
1892. 
1893. 
189i.' 


Montreal .. 
Aberdeen.., 
Birmingham 
Manchester 
Bath 


Newcastle- 
npon-Tyne 
Leeds  ... 


Cardiff 

Edinborgli 
Nottingham 
Oxford 


Presidents 


Secretaries 


Gen.  Sir  J.  H.  Lefroy,  C.B., 

K.C.M.G„F.R.S.,V.P.R.G.S. 
Gen.  J.  T.  Walker.  C.B.,  R.E., 

LL.D.,F.R.S. 
Maj.-Gen.  Sir.  F.  J.  Goldsmid, 

K.C.S.I.,  C.B..  F.R.G.S. 
Col.    Sir    C.  Warren,    R.E., 

G.O.M.G.,  F.R.S.,  F.R.G.S. 
Col.  Sir  C.  W.  Wilson,  R.E., 

K.C.B.,  F.R.S.,  F.R.G.S. 
CoL     Sir    F.     de    Winton, 

K.C.M.G.,  C.B.,  F.B.G.S. 
Lieut.-Col.  Sir   R.    Lambert 

Playfair,  K.C.M.G.,  F.R.G.8. 
E.  G.  Bavenstein,  F.R.G.S., 

F.S.S. 
Prof.  J.  Geikie,  D.C.L.,  F.R.S., 

V.P.R.Scot.G.S. 
H.  Seebohm,  Sec.  R.S.,  F.L.S., 

F  Z  S 
Capt.  W.  J.  L.  Wharton,  R.N., 

F.R.S. 


Rev.  Abb^Laflamme,  J.S.  O'HaUoran, 

E.  G.  Ravenstein,  J.  F.  Torrance. 
J.  S.  Keltic,  J.  S.  0*Halloran,  E.  G. 

Ravenstein,  Rev.  G.  A.  Smith. 
F.   T.   S.   Houghton,  J.   S.   Keltic, 

E.  G.  Ravenstein. 
Rev.  L.  C.  Casartelli,  J.  8.  Eeltie, 

U.  J.  Mackinder,  E.  G.  Ravenstein. 
J.  S.  Keltic,  H.  J.  Mackinder,  E.  G. 

Ravenstein. 
J.  S.  Keltic,  H.  X  Mackinder,  R. 

Snlivan,  A.  Silva  White. 
A.  Barker,  John  Coles,  J.  S.  Eeltie» 

A.  Silva  White. 
John  Coles,  J.  S.  Keltic,  H.  J.  Mac- 
kinder,  A.  Silva  White,  Dr.  Yeats. 
J.  G.  Bartholomew,  John  Coles,  J.  S. 

Keltic,  A.  Silva  White. 
Col.  F.  Bailey,  John  Coles,  H.  O. 

Forbes,  Dr.  H.  R.  Mill. 
John  Coles,  W.  S.  Dalglelsh,  H.  N. 

Dickson,  Dr.  H.  R.  MiU. 


STATISTICAL  SCIENCE. 

COMMITTEE   OP  SCIENCES,   VI. — STATISTICS. 

1833.  Cambridge!  Prof.  Babbage,  F.R.S i  J.  E.  Drinkwater. 

1834.  Edinburgh  I  Sir  Charles  Lemon,  Bart I  Dr.  Cleland,  C.  Hope  Maclean. 


SECTION  F. — STATISTICS. 


1835. 
1836. 

1837. 

1838. 
1839. 

1840. 

1841. 

1842. 

1843. 
1844. 

1845. 
1846. 

1847. 

1848. 
1849. 

1850. 


Dublin 

Bristol..*... 

Liverpool... 

Newcastle 
Birmingham 

Glasgow  ... 

Plymouth... 

Manchester 

Cork 

York 

Cambridge 
Southamp- 
ton. 
Oxford 

Swansea  ... 
Birmingham 

Edinburgh 


Charles  Babbage,  F.R.S 

Sir  Chas.  Lemon,  Bart.,  F.R.S. 


Rt.  Hon.  Lord  Sandon . 

Colonel  Sykes,  F.R.S.  . 
Henry  Hallam,  F.R.S. . 


Rt.  Hon.  Lord  Sandon,  M.P., 

F.R.S. 
Lieut.-Col.  Sykes,  F.R.S 

G.  W.  Wood,  M.P.,  F.L.S.  ... 


W.  Greg,  Prof.  Longfield. 

Rev.   J.  E.  Bromby,  C.  B.  Fripp, 

James  Heywood. 
W.  R.  Greg,  W.  Langton,  Dr.  W.  C. 

Tayler. 
W.  Cargill,  J.  Heywood,  W.  B.  Wood. 
F.  Clarke,  R.  W.  Rawson,  Dr.  W.  C. 

Tayler. 
C.  R.  Baird,  Prof.  Ramsay,  B.  W. 

Rawson. 
Rev.  Dr.  Byrth,  Rev.  B.  Luney,  R. 

W.  Rawson. 
Rev.  R.  Luney,  G.  W.  Ormerod,  Dr. 
W.  C.  Tayler. 

Sir  C.  Lemon,  Bart.,  M.P.   ....  Dr.  D.  Bullen,  Dr.  W,  Cooke  Tayler. 
Lieut. -Col.    Sykes,    F.R.S.,' J.  Fletcher,  J.  Heywood,  Dr.  Lay - 

F.L.8.  I     cock. 

Rt.Hon.  the  Earl  Fitzwilliam  J.  Fletcher,  Dr.  W,  Cooke  Tayler. 

G.  R.  Porter,  F.R.S '  J.  Fletcher,  F.  G.  P.  Neison,  Dr.  W. 

I     C.  Tayler,  Rev.  T.  L.  Shapcott. 
Travers  Twiss,  D.C.L.,F.R.S.'Rev.  W.  H.  Cox,  J.  J.  Danaon,  F.  G. 

j     P.  Neison, 
J.  H.  Vivian,  M.P.,  F.R.S.  ...  J.  Fletcher,  Capt.  R.  Shortrede. 

Rt.  Hon.  Lord  Lyttelton Dr.  Finch,  Prof.  Hancock,  F.  G.  P. 

!     Neison. 
Very   Rev.    Dr.    John    Lee,  Prof.  Hancock,  J.  Fletcher,  Dr.  J. 
V.P.R.S.E.  .     Stark. 
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Date  and  Place 


Presidents 


1851.  Ipswich   ...Sir  John  P.  Boileau,  Bart.  ... 

1852.  Belfast His  Grace  the  Archbishop  of 

!     Dublin. 

1S53.  Hull James  Heywood,  M.P.,  F.B.S. 

1854.  Liverpool.... Thomas  Tooke,  F.R.S 


1855.  Glasgow  ...  R.  Monckton  Milnes,  M.P. ... 


Secretarlei- 


J.  Fletcher,  Prof.  Hancock. 

Prof.  Hancock,  Prof.  Ingram,  James 
MacAdam,  jun. 

Edward  Cheshire,  W.  Kewmarch. 

£.  Cheshire,  J.  T.  Danson,  Dr.  W.  H. 
Duncan,  Sv.  Newmarch. 

J.  A.  Campbell,  £.  Cheshire,  W,  New- 
march,  Prof.  B.  H.  Walsh, 


SECTION  F  (coniinued). — econohic  science  and  statistics. 


1856.  Cheltenham 


1857.  Dublin 

1858.  Leeds 

1859.  Aberdeen... 


Bt.  Hon.  Lord  Stanley,  M.P. 


His  Grace  the  Archbishop  of 

Dublin,  M.B.I.A. 
Edward  Baines 


Col.  Sykes,  M.P.,  F.B.S. 


1860.  Oxford Nassau  W.  Senior,  M.A 

I 

1861.  Manchester  ,  William  Newmarch,  F.B.S.,. 

1862.  Cambridge    Edwin  Chadwick,  C.B 

1863.  Newcastle  .  William  Tite,  M.P.,  F.R.S... 


Bev.  C.  H.  Bromby,  B.  Cheshire,  Dr. 

W.  N.  Hancock,  W.  Newmarch,  W. 

M.  Tartt. 
Prof.  Cairns,  Dr.  H.  D.  Hutton,  W. 

Newmarch. 
T.  B.  Baines,  Prof.  Cairns,  S.  Brown, 

Capt.  Fishboume,  Dr.  J.  Strang. 
Prof.  Cairns,  Edmund  Macrory,  A.  M. 

Smith,  Dr.  John  Strang. 
Edmund    Macrory,  W.  Newmarch, 

Prof.  J.  E.  T.  Rogers. 
David  Chadwick,  Prof.  B.  C.  Christie, 

E.  Macrory,  Prof.  J.  E.  T.  Boger>. 
H.  D.  Macleod,  Edmund  Macrory. 
T.   Doubleday,    Edmund    Macrory, 

Frederick  Purdy,  James  Potts. 
E.  Macrory,  E.  T.  Payne.  F.  Purdy. 


1864.  Bath William  Farr,  M.D.,  D.C.L., 

•     F.B.8. 

1 865.  Birmingham  Bt.  Hon.  Lord  Stanley, LL.D.,  G.  J.  D.  Goodman,  G.  J.  Johnston, 


M.P. 

1866.  Nottingham; Prof.  J.  E.T.  Rogers 

1867.  Dundee M.  E.  Grant-Dufif,  M.P. 


1868.  Norwich.... 

1869.  Exeter 


1870.  Liverpool... 

1871.  Edinburgh 

1872.  Brighton ... 

1873.  Bradford ... 

1874.  Belfast 


1875.  Bristol 

1876.  Glasgow  ... 


Samuel  Brown 

Rt.  Hon.  Sir  Stafford  H.  North- 

oote,  Bart.,  C.B.,  M.P. 
Prof.  W.  Stanley  Jevons,  M.A. 

Rt.  Hon.  Lord  Neaves 

Prof.  Henry  Fawcett,  M.P. ... 
Bt.  Hon.  W.  E.  Forster,  M.P. 
Lord  O'Hagan  


E.  MsicroTy, 
B.  Birkin,  jun.,  Prof.  Leone  Levi,  E. 

Macrory. 
Prof.  Leone  Levi,  E.  Macrory,  A.  J. 

Warden. 
Bev.  W.  C.  Davie,  Prof.  Leone  Levi. 
E.   Macrory,  F.    Purdy,   C.   T.   D. 

Acland. 
Chas.  B.  Dudley  Baxter,  B.  Macrory, 

J.  Miles  Moss. 
J.  G.  Fitch,  James  Meikle. 
J.  G.  Fitch,  Barclay  Phillips. 
J.  G.  Fitch,  Swire  Smith. 


1877.  Plymouth... 

1878.  Dublin 

1879.  Sheffield  ... 


1881.  York.. 

1882.  Southamp- 

ton. 


Prof.  Donnell,  F.  P.  Fellows^  Hans 
MacMordie. 
JamesHeywood,M.A.,F.B.S.,iF.  P.  Fellows,  T.  G.  P.  Hallett,  E. 


Pres.S.S. 
Sir  George  Campbell,  K.C.S.L, 

M.P. 
Rt.  Hon.  the  Earl  Fortescue 
Prof.  J.   K.  Ingram,  LL.D., 

M.BJLA. 
G.  Shaw  Lefevre»  M.P.,  Pres. 

S.S. 

1880.  Swansea  ...IG.  W.Hastings,  M.P. 

Rt.  Hon.  M.  E.  Grant- Duff, 

M  Jl.,  F.R.S. 
Rt.  Hon.  G.    Sclater-Booth, 

M.P.,  F.R.S. 


Macrory. 
A.  M*Neel  Caird,  T.  G.  P.  Hallett,  Dr. 

W.  Neilson  Hancock,  Dr.  W.  Jack. 
W.  F.  Collier,  P.  Hallett,  J.  T.  Pim. 
W.  J.  Hancock,  C.  Molloy,  J.  T.  Pim. 

Prof.  Adamson,  R.  £.  Leader,  C. 
Molloy. 

N.  A.  Humphreys,  C.  Molloy. 

C.  Molloy,  W.  W.  Morxell,  J.  F. 
Moss. 

G.  Baden-Powell,  Prof.  H.  8.  Fox- 
well,  A.  Milnes,  C.  Molloy. 
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Date  and  Place 


Presidents 


Secretaries 


1883.  Southport 

1884.  Montreal ... 

1885.  Aberdeen... 

1886.  Birmingham 

1887.  Manchester 


1888.  Bath. 


1889.  Newcastle- 

upon-Tyne 

1890.  Leeds  


1891.  Cardiff 

1802.  Edinburgh 

1893.  Nottingham 

1894.  Oxford 


B.  H.  Inglis  Palgrave,  F.K.S. 

Sir  Richard  Temple,  Bart.» 
G.C.S.I.,  C.I.B.,  F'.R.G.S. 

Prof.  H.  Sidgwick,  LL.D., 
Litt.D. 

J.  B.  Martin,  M.A.,  F.S.S. 

Robert  Giffen,  LL.D.,V.P.S.S. 


Rt.    Hon.    Lord    Bramwell, 
LL.D.,  F.R.S. 

Prof.  F.  Y.  Edgeworth,  M.A., 

F  S  S 
Prof.  A.'Mai-shall,  M.A.,F.S.R. 


Prof.  W.  Cunningham,  D.D., 
D.Sc.,  F  S.S. 

Hon.  Sir  C.  W.  Fremantle 
K.C.B. 

Prof.  J.  S.  Nicholson,  D.Sc, 
F.S.S. 

Prof.  C.   F.  Bastable,  M.A., 
F.S.S. 


Rev.  W.  Cunningham,  Prof.  H.  S. 

Fox  well,  J.  N.  Kejnes,  C.  Molloy. 
Prof.  H.  S.  Foxweli,  J.  S.  McLennan, 

Prof.  J.  Watson. 
Rev.  W.  Cunningham,  Prof.  H.  S. 

Foxweli,  C.  McCombie,  J.  F.  Moss. 
F.  F.  Barham,  Rev,  W.  Cunningham, 

Prof.  H.  8.  Foxweli,  J.  F.  Moss. 
Rev.  W.  Cunningham.  F.  Y.  Edge- 
worth,  T.  H.  Elliott,  C.  Hughes, 

Prof.  J.  B.  C.  Munro,  G.  H.  Sar- 

gant. 
Prof.  F.  Y.  Edgeworth,  T.  H.  Elliott, 

Prof.  H.  S.  Foxweli,  L.  L.  F.  R. 

Price. 
Rev.  Dr.  Cunningham,  T.  H.  Elliott, 

F.  B.  Jevons,  L.  L.  F.  R.  Price. 
W.  A.  Brigg,  Rev.  Dr,  Cunningham, 

T.  H.  Elliott,  Prof.  J.  E.  C.  Munro, 

L.  L.  F.  R.  Price. 
Prof.  J.  Brough,  B.  Cannan,  Prof. 

E.  C.  K.  Gonner,  H.  LI.  Smith, 

Prof.  W.  R.  Sorley. 
Prof.  J.  Brough,  J.  R.  Findlay,  Prof. 

E.    C.    E.    Gonner,    H.    Higgs, 

L.  L.  F.  R.  Price. 
Prof.  E.  C.  K.  Gonner,  H.  de  B. 

Gibbios,  J.  A.  H.  Green,  H.  Higgs, 

L.  L.  F.  R.  Price. 
E.  Cannan,  Prof.  E.  C.  K.  Gonner, 

W.  A.  S.  Hewins,  H.  Higgs. 


MECHANICAL  SCIENCE. 

SECTION  0. — HECHANICAL  SCIENCE. 


3836.  Bristol 

1837.  Liverpool... 

1838.  Newcastle 

1839.  Birmingham 

1840.  Glasgow  .... 

J  841.  Plymouth 
1842.  Manchester 


1843.  Cork 

1844.  York 

1845.  Cambridge 
1 846.Southampton 

1847.  Oxford 

1848.  Swansea  ... 

1849.  Birmingham 

1860.  Edinburgh 

1861.  Ipswich  ..... 


Davies  Gilbert,  D.C.L.,  F.R.S. 

Rev.  Dr.  Robinson 

Charles  Babbage,  F.R.S 

Prof.  Willis,  F.R.S.,  and  Robt 

Stephenson. 
Sir  John  Robinson  

John  Taylor,  F.R.S 

Rev.  Prof.  Willis,  F.R.S 

Prof.  J.  Macneill,  M.R.I.A.... 

John  Taylor,  F.R.S 

George  Rennie,  F.R.S 

Rev.  Prof.  Willis,  M.A.,  F.R.S, 
Rev.  Prof  .Walker,  M.A.,F.R.S. 
Rev.  Prof  .Walker,  M.A.,F.R.S. 
Robt.  Stephenson,  M.P.,  F.R.S. 

Rev.  R.  Robinson 

William  Cubitt,  F.R.S 


T.  G.  Bunt,  G.  T.  Qark,  W.  West. 
Charles  Vignoles,  Thomas  Webster. 
R.     Hawthorn,    C.     Vignoles,     T. 

Webster. 
W.  Carpmael,  William  Hawkes,  T. 

Webster. 
J.  Scott  Russell,  J.  Thomson,  J.  Tod, 

C.  Vignoles. 
Henry  Chatfield,  Thomas  Webster. 
J.  F.  Bateman,  J.  Scott  Russell,  J. 

Thomson,  Charles  Vignoles. 
James  Thomson,  Robert  Mallet. 
Charles  Vignoles,  Thomas  Webster. 
Rev.  W.  T.  Kingsley. 
William  Betts,  jun.,  Charles  Manby. 
J.  Glynn,  R.  A.  LeMesurier. 
R.  A.  Le  Meflurier,  W.  P.  8truv6. 
Charles  Manby,  W.  P.  MarshalL 
Dr.  Lees,  David  Stephenson. 
John  Head,  Charles  Manby. 
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Date  and  Place 

1852.  Belfast 

1853.  Hull 

1854.  Liyerpool... 

1855.  Glasgow  ... 

1856.  Cheltenham 

1857.  Dnblin 

1858.  Leeds    

1850.  Aberdeen... 

1B60.  Oxford...... 

1^61.  Manchester 

1362.  Cambridge 

1863.  Newcastle 

1^64.  Baih 

1865.  Birmingham 

1866.  Nottingham 

1867.  Dundee 

1868.  Norwich  ... 

1869.  Exeter 

1870.  I^iverpool... 

1871.  Edinburgh 

1872.  Brighton  ... 

1873.  Bradford  ... 

1874.  Belfast 

1875.  Bristol 

1876.  Glasgow  ... 

1877.  Fljmoath... 
1378.  DubUn 

1879.  Sheffield  ... 

1880.  Swansea  ... 

1881.  York 

1882.  Southamp- 

ton 
1894. 


Presidents 


John    Walker,    C.E.,  LL.D., 

F.R,S. 
William     Fairbaim,     C.E., 

F.R.8. 
John  Scott  Bossell,  F.R.S. 

W.    J.   Maoquom    Bankine, 

C.E.,F.R.S. 
George  Bennie,  F.B.S 


Secretaries 


Rt.  Hon.  the  Earl  of  Rosse, 

F.R.S. 
William  Fairbaim,  F.R.8. ... 
Rev.  Prof.  WiUis,  M.A.,F.R.S. 

Prof .  W.  J.  Macqiiom  Rankine, 

LL.D.,  F.R.S. 
J.  F.  Bateman,  C.E.,  F.R.S.... 

William    Fairbaim,    LL.D., 

F.R.S. 
Rev.  Prof.  Willis,  M.A.,F.R.S. 

J.  Hawkshaw,  F.R.S 

Sir  W.  G.  Armstrong,  LL.D., 

F.R.S. 
Thomas  Hawksley,  Y.P.  Inst. 

C.B.,  F.G.8. 
Prof  .W.  J.  Macquom  Rankine, 

LL.D.,F.R.8. 
G.  P.  Bidder,  C.E.,  F.R.G.S. 

C.  W.  Siemens,  F.R.S 

Chas.  B.Yignoles,  C.E.,  F.R.S. 

Prof.  Fleeming  Jenkin,  F.R.S. 

F.  J.  Bramwell,  C.E 

W.  H.  Barlow,  F.R.S 

Prof.  James  Thomson,  LL.D., 

C.K,  F.R.8.B. 
W.  Froude,C.E.,M.A.,F.R.S. 

C.  W.  Merrifield,  F.R.S 

Edward  Woods,  C.E 

Edward  Easton,  C.E 

J.  Robinson,  Pres.Inst.  Mech. 

Eng. 
James  Abemethy,  V.P.Inst. 

C.B.,  F.R.8.E. 
Sir  W.  G.-  Armstrong,  C.B., 

LL.D.,  D.C.L.,  F.R.S. 
John  Fowler,  O.E.,  F.G.S.   ... 


John  F.  Bateman,  C.  B.  Hancock, 

Charles  Manby,  James  Thomson. 
James   Oldham,    J.  Thomson,  W. 

Sykes  Ward. 
John    Grantham,    J.    Oldham,    J. 

Thomson. 
L.  Hill,  Jan.,  William  Ramsay,  J. 

Thomson. 
C.  Atherton,  B.  Jones,  Jan.,  H.  M« 

Jeffery. 
Prof.  Downing,  W.T.  Doyne,  A.  Tate, 

James  Thomson,  Henry  Wright. 
J.  C.  Dennis,  J.  Dixon,  H.  Wright. 
R.  Abemethy,  P.  Le  Neve  Foster,  H. 

Wright. 
P.  Le  Neve  Foster,  Rev.  F.  Harrison, 

Henry  Wright. 
P.  Le  Neve  Foster,  John  Robinson, 

H.  Wright. 
W.  M.  Fawcett,  P.  Le  Neve  Foster. 

P.  Le  Neve  Foster,  P.  Westmacott, 

J.  F.  Spencer. 
P.  Le  Neve  Foster,  Robert  Pitt. 
P.   Le   Neve    FosTter,    Henry    Lea, 

W.  P.  Marshall,  Walter  May. 
P.  Le  Neve  Foster,  J.  F.  Iselin,  M. 

O.  Tarbotton. 
P.  Le  Neve  Foster,  John  P.  Smith, 

W.  W.  Urquhart. 
P.  Le  Neve  Foster,  J.  F.  Iselin,  C. 

Manby,  W.  Smith. 
P.  Le  Neve  Foster,  H.  Bauerman. 
H.  Bauerman,  P.  Le  Neve  Foster,  T* 

King,  J.  N.  Shoolbred. 
H.    Bauerman,   Alexander   Leslie, 

J.  P.  Smith. 
H.  M.  Brunei,  P.  Le  Neve  Foster, 

J.  G.  Gamble,  J.  N.  Shoolbred. 
Crawford    Barlow,    H.    Bauerman, 

E.  H.  Carbutt,  J.  C.  Hawkshaw, 

J.  N.  Shoolbred. 
A.  T.  Atchison,  J.  N.  Shoolbred,  John 

Smyth,  jun. 
W.  R.  Browne,  H.  M.  Branel,  J.  G. 

Gamble,  J.  N.  Shooibrod. 
W.  Bottomley,  jun.,  W.  J.   Millar, 

J.  N.  Shoolbred,  J.  P.  Smith. 
A.  T.  Atchison,  Dr.  Merrifield,  J.  N. 

Shoolbred. 
A.  T.  Atchison,  R.  G.  Symes,  H.  T. 

Wood. 
A.  T.  Atchison,  Emerson  Bainbridge, 

H.  T.  Wood. 
A.  T.  Atchison,  H.  T.  Wood. 

A.  T.  Atchison,  J.  F.  Stephenson, 

H.  T.  Wood. 
A.  T.  'Atchison,  F.  Churton,  It.  T. 

Wood. 
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Date  and  Place 

1883. 

Sonthport 

1884. 

Montreal ... 

1885. 

Aberdeen... 

1886. 

Birmingham 

1887. 

Manchester 

1888. 

Bath 

1889. 
1890. 

Newcastle- 
npon-Tyne 
Leeds  

1891. 

Cardiff 

1892. 

Edinburgh 

1893. 

Nottingham 

1894. 

Oxford 

Presidents 


James    Brunlees,    F.R.6.E., 

Pres.Inst.C.E. 
Sir  P.  J.  Bramwell,  F.B.S., 

V.P.Inst.C.E. 
B.  Baker,  M.In8t.C.E 

Sir  J.  N.   Douglass,   M.Inst. 

C.E. 
Prof.  Osborne  Reynolds,  M.A., 

LL.D.,  F.R.S. 
W.      H.      Preece,      P.R.S., 

M.Inst.C.E. 
W.  Anderson,  M.Inst.C.E.  ... 

Capt.  A.  Noble,  C.B.,  F.R.S., 

F.R.A.S. 
T.  Forster  Brown,  M.Iiist.C.E., 

Prof.  W.  C.  Unwin,  F.R.S., 

M.Inst.C.E. 
Jeremiah  Head,  M.Inst.C.E., 

F.C.S. 
Prof.    A.    B.    W.    Kennedy, 

F.R.S..  M.Inst.C.E. 


Secretaries 


A.  T.  Atchison,  E.  Bigg,  H.  T.  Wood. 

A.  T.  Atchison,  W.  B.  Dawson,  J. 

Kennedy,  H.  T.  Wood. 
A.  T.  Atchison,  F.  G.  Ogilvie,  K. 

Rigg,  J.  N.  Sboolbred. 
C.  W.  Cooke,  J.  Kenward,  W.   B. 

Marshall,  E.  Rigg. 
C.  F.  Budenberg,  W.  B.  Marsliall, 

B.  Rigg. 

C.  W.  Cooke,  W.  B.  Marshall,  E. 

Rigg,  P.  K.  Stothert. 
C.  W.  Cooke,  W.  B.  Marshall.  Hon. 

C.  A.  Parsons,  E.  Rigg. 

E.  K.  Clark,  C.  W.  Cooke,  W.  B. 

Marshall,  E.  Rigg. 
C.   W.   Cooke,   Prof.  A.  C.  Elliott,. 

W.  B.  Marshall,  E.  Riger. 
C.  W.  Cooke,  W.  B.  Marshall,  W.  C\ 

Popplewell,  E.  Rigg. 
C.  W.  Cooke,  W.  B.  Marsliall,   E. 

Rigg,  H.  Talbot. 
Prof.  T.  Hudson  Beare,  C.  W.  Cooke, 

W.  B.  Marshall,  Rev.  F.  J.  Smith. 


ANTHROPOLOGICAL  SCIENCE. 

SECTION  H. — ^AOTHROPOLOGT. 


1884.  Montreal... 
1886.  Aberdeen... 

1 886.  Birmingham 

1887.  Manchester 

1888.  Bath 


E.  B.  Tylor,  D.C.L.,  F.R.8. ...  \Q, 


1889.  Newcastle- 

upon-Tyne 

1890.  Leeds  ...... 

1891.  Cardiff 

1892.  Edinburgh 

1893.  Nottingham 


1894.  Oxford. 


Francis  Galton,  M.A.,  F.R.S. 

Sir   O.    Campbell,    K.C.8.I., 

M.P.,  D.C.L.,  F.R.G.8. 
Prof.  A.  H.  Sayce,  M.A 

Lieut. -General      Pitt-Rivers, 

D.C.L.,  F.R.S. 
Prof.   Sir  W.  Turner,    M.B., 

LL.D.,  F.R.S. 
Dr.    J.    Evans,  Treas.  R.S., 

F.S.A.,  F.L.8.,  F.G.8. 
Prof.  F.  Max  Miiller,  M.A.  ... 

Prof.    A.    Macalister,    M.A., 

M.D.,  F.R.S. 
Dr.  R.  Munro,  M.A.,  F.B.S.E. 


Sir  W.  H.   Flower,    K.C.B., 
F.R.S. 


W.  Bloxam,  W.  Hurst. 
G.  W.  Bloxam,  Dr.  J.  G.  Garson,  W. 

Hurst,  Dr.  A.  Macgregor. 
G.  W.  Bloxam,  Dr.  J.  G.  Garson,  W. 

Hunt,  Dr.  R.  Saundby. 
G.  W.  Bloxam,  Dr.  J.  G.  Garson,  Dr. 

A.  M.  Paterson. 

G.  W.  Bloxam,  Dr.  J.  G.  Garson.  J. 

Harris  Stone. 
G.  W.  Bloxam,  Dr.  J.  G.  Garson,  Dr. 

R.  Morison,  Dr.  R.  Howden. 
G.  W.  Bloxam,  Dr.  C.  M.  Chadwick, 

Dr.  J.  G.  Garson. 
G.  W.  Bloxam,  Prof.  B.  Howden,  H. 

Ling  Roth,  E.  Seward. 
G.  W.  Bloxam,  Dr.  D.  Hepburn,  Prof. 

B.  Howden,  H.  Ling  Roth. 

G.  W.  Bloxam,  Rev.  T.  W.  Davies, 
Prof.  R.  Howden,  F.  B.  Jevons, 
J.  L.  Myres. 

H.  Balfour,  Dr.  J.  G.  Garson,  H.  Lir^: 
Roth. 


1894.  Oxford. 


PHYSIOLOGICAL  SCIENCE 

SECTION  I. — PHY8I0L00T. 

Prof.  E.  A,  Schafer,  F.R.8.,|Prof  F.  Gotch,  Dr.  J. 
M.R.C.S.  M.  S,Pembrey. 


Haldane, 
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LIST  OF  EVENING  LECTURES. 


Date  and  Fkoe 


1842.  Manchester 


1843.  Cork . 


1844.  York . 


1845.  Cambridge 

1846.  Sonthamp- 

ton« 


1847-  Oxford 

1848.  Swansea  ... 

1 849.  Birmingham 
1860.  Edinburgh 

1851.  Ipswich   ... 
1862.  Belfast 


1853.  HoU. 


1854.  LiTexpool... 
1866.  Glasgow  ... 
185d.  Gheltenham 


Lecturer 


Charles  Vignoles,  F.II.S 

Sir  M.  L  Brunei    

B.  L  Marchison 

Prof.  Owen,  M.D.,F.B.S 

Prof.  B.  Forbes,  F.B.S 

Dr.  Bobinson 

Charles  Lyell,  F.B.S 

Dr.  Falconer,  F.B.S 

G.B.Airy,F.  B.S.^Astron.Boyal 

B.  L  Murchison,  F.B.S 

Prof.  Owen,  M.D.,  F.B.S.    ... 

Charles  Lyell,  F.B.S 

W.  B.  Grove,  F.B.8 


Bev.  Prof.  B.  Powell,  F.B.S. 
Prof.  M.  Faraday,  F.B.S 


Hugh  E.  Strickland,  F.G.S.... 
John  Percy,  M.D.,  F.B.S 

W.  Carpenter,  M.D.,  F.B.S.... 

Dr.  Faraday,  F.B.S 

Bev.  Prof.  Willis,  M.A.,  F.B.S. 

Prof.  J.  H.  Bennett,  M.D., 
F.B.8.E. 


Dr.  ManteU,  F.B.S 

Prof.  B.  Owen,  M.D.,  F.B.S. 

G.B.Airy,F.B.S.,Astron.  Boyal 
Prol  G.  G.  Stokes,  D.C.L., 

F.B.8. 
Colonel  Pordock,  B.E.,  F.B.S. 


Prof.J.Phillip8,LL.D.,F.B.S., 
F.G.S. 


Bobert  Hmit,  F.B.S 

Prof.  B.  Owen,  M.D.,  F.B.S. 
CoL  E.  Sabine,  y.P.B.S 


Dr.  W.  B.  Carpenter,  F.B.S. 
Lieat.-CoL  H.  Bawlinson    .., 


Col.  Sir  H.  Bawlinson  . 


W*  B*  GroTei  F.B.S*  • 


Subject  of  Discourse 


The  Principles  and  Construction  of 
Atmospheric  Bailways. 

The  Thames  Tunnel. 

The  Geology  of  Bussia. 

The  Dinomis  of  New  Zealand. 

The  Distribution  of  Animal  Life  in 
the  ^gean  Sea. 

The  Earl  of  Rosse's  Telescope. 

Geology  of  North  America, 

The  Gigantic  Tortoise  of  the  Siwalik 
Hills  in  India. 

Progress  of  Terrestrial  Magnetism. 

Geology  of  Bussia. 

Fossil  Mammalia  of  the  British  Isles. 

Valley  and  Delta  of  the  Mississippi. 

Properties  of  the  Explosive  Substance 
discovered  by  Dr.  Schonbein ;  also 
some  Besearchesof  his  own  on  the 
Decomposition  of  Water  by  Heat. 

Shooting  Stars. 

Magnetic  and  Diamagnetic  Pheno- 
mena. 

The  Dodo  {Didu9  iMjftui). 

Metallurgical  Operations  of  Swansea 
and  its  Neighbourhood. 

Becent  Microscopical  Discoveries. 

Mr.  Gassiot*s  Battery. 

Transit  of  different  Weights  with 
var3ring  Velocities  on  Bailways. 

Passage  of  the  Blood  through  the 
minute  vessels  of  Animals  in  con- 
nection with  Nutrition. 

Extinct  Birds  of  New  Zealand. 

Distinction  between  Plants  and  Ani- 
mals, and  their  changes  of  Form. 

Total  Solar  Eclipse  of  July  28, 1851. 

Becent  Discoveries  in  the  properties 
of  Light. 

Becent  Discovery  of  Bock-salt  at 
Carrickfergus,  and  geological  and 
practical  considerations  connected 
with  it. 

Some  peculiar  Phenomena  in  the 
Geology  and  Physical  Geography 
of  Yorkshire. 

The  present  state  of  Photography. 

Anthropomorphous  Apes. 

Progress  of  Besearches  in  Terrestrial 
Magnetism. 

Characters  of  Species. 

Assyrian  and  Babylonian  Antiquities 
and  Etymology. 

Becent  Discoveries  im  Assyria  and 
Babylonia,  with  the  results  of 
Cuneiform  Besearch  up  to  the 
present  time. 

Correlation  of  Physical  Forces. 
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Date  and  Place 


1857    Dublin 

1858.  Leeds  

1869.  Aberdeen.. 


Lecturer 


1860. 
1861. 

1863 
1863. 

1864. 
1865. 

1866. 
1867. 

1868. 
1869. 
1870. 

1871. 

1872. 

1873. 
1874. 

1876. 
1876. 


Oxford 

Manchester 

Cambridge 
Newcastle 


Prof.  W.  Thomson,  F.R.S.  ... 
Rev.  Dr.  Livingstone,  D.C.L. 
Prof.  J.Phillips,LL.D..F.R.S. 
Prof.  R.  Owen,  M.D.,  F.R.8. 
Sir  R.  L  Murchison,  D.C.L... . 
Rev.  Dr.  Robinson,  F.R.S.  ... 

Rev.  Prof.  Walker,  F.R.S.  ... 
Captain  Sherard  Osborn,  R.N. 
Prof .  W.  A.  Miller.  M.  A .,  F.R.S, 
G.  B.   Airy,   F.R.S.,  Astron. 

Royal. 
Prof.  Tyndall,  LL.D.,  F.R.8. 

Prof.  Odling,  F.R.S , 

Prof.  Williamson,  F.R.S 


James  Glaisher,  F.R.S.. 


Bath. 


Prof.  Roscoe,  F.R.S 

Dr.  Livingstone,  F.R.S. 
Birmingham  J.  Beete  Jukes,  F.R.S... 


Kottingham 
Dundee 


Norwich  .. 

Exeter  , 

Liverpool.., 

Edinburgh 

Brighton  .., 

Bradford  ... 
Belfast 


Bristol  .. 
Glasgow 


William  Huggins,  F.R.S 


Dr.  J.  D.  Hooker,  F.R.S 

Archibald  Geikie,  F.R.S 

Alexander  Herschel,  F.R.A.S. 

J.  Fergusson,  F.R.S 

Dr.  W.  Odling,  F.R.S 

Prof.  J.  Phillips,  LL.D.,F.R.S. 
J.  Norman  Lockyer,  F.R.S.  .. 

Prof.  J.  Tyndall,  LL.D.,  F.R.S. 

Prof  .W.  J.  Macquom  Rankine, 

LL.D.,  F.R.S. 
F.  A.  Abel,  F.R.S 

E.  B.  Tylor,  F.R.S 

Prof.  P.Martin  Duncan,  M.B., 

F.R.S. 
Prof.  W.  K.  Clifford 


Prof.  W.  C.Williamson,  F.R.S. 
Prof.  Clerk  Maxwell,  F.R.S. 
Sir  John  Lubbock,Bart..M.P., 

F.R.8. 
Prof.  Huxley,  F.R.S 

W.8pottiswoode,LL.D.,F.R,S. 

F.  J.  Bramwell,  F.R.S 

Prof.  Tait,  F.R.S.B 

i  Sir  Wyville  Thomson,  F.R.S. 


Subject  of  Diaoourae 


The  Atlantic  Telegraph. 
Recent  Discoveries  in  Africa. 
The  Ironstones  of  Yorkshire. 
The  Fossil  Mammalia  of  Australia. 
Geology  of  the  Northern  Highlands. 
Electrical    Discharges    in    highly 

rarefied  Media. 
Physical  Con.stitution  of  the  Sun. 
Arctic  Discovery. 
Spectrum  Analysis. 
The  late  Eclipse  of  the  Sun. 

The  Forms  and  Action  of  Water. 

Organic  Chemistry. 

The  Chemistry  of  the  Galvanic  Bat- 
tery considered  in  relation  to 
Dynamics. 

The  Balloon  Ascents  made  for  the 
British  Association. 

The  Chemical  x\ction  of  Light. 

Recent  Travels  in  Africa. 

Probabilities  as  to  the  position  and 
extent  of  the  Coal-measures  be- 
neath  the  red  rocks  of  the  Mid- 
land Counties. 

The  results  of  Spectrum  Analysis 
applied  to  Heavenly  Bodies. 

Insular  Floras. 

The  Geological  Origin  of  the  present 
Scenery  of  Scotland. 

The  present  state  of  Enowleds^re  re- 
garding Meteors  and  Meteorites. 

Archaeology  of  the  early  Buddhist 
Monuments. 

Reverse  Chemical  Actions. 

Vesuvius. 

The  Physical  Constitution  o£  the 
Stars  and  Nebulse. 

The  Scientific  Use  of  the  Imagina- 
tion. 

Stream-lines  and  Waves,  in  connec- 
tion with  Naval  Architecture. 

Some  Recent  Investigations  and  Ap- 
plications of  Explosive  Agents. 

The  Relation  of  Primitive  to  Modern 
Civilisation. 

Insect  Metamorphosis. 

The  Aims  and  Instruments  of  Scien- 
tific Thought 

Goal  and  Coal  Plants. 

Molecules. 

Common  Wild  Flowers  considered 
in  relation  to  Insects. 

The  Hypothesis  that  Animals  are 
Automata,  and  its  History. 

The  Colours  of  Polarised  Light. 

Railway  Safety  Appliances. 

Force. 

The  ChaUenger  Expedition. 
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Date  and  Place 


1877.  Plymouth. 


1878.  Dublin 


Lecturer 


Subject  of  Discourse 


187D. 
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Sheffield  ... 

1880. 

Swansea  ... 

1S81. 

York 

1S82. 

1SS3. 

South  amp- 

lOD. 

Southport 

1884. 

Montreal ... 

ISSo. 

Aberdeen... 

1686. 

Binnlngham 

1887. 

Manchester 

1888. 

Bath 

1889. 

Newcastle- 
upon-Tyne 

1890. 

Leetla  

1831. 

Cardiff 

1^92. 

Edinburgh 

1893. 

Nottingham 

1S94. 

Oxford 

W.  Warington  Smyth,  M.A., 
F.R.S. 

Prof.  Odling,  F.R.S 

G.  J.  Romanes,  F.L.S 

Prof.  Dewar,  F.R.S 

W.  Crookes,  F.R.S 

Prof.  B.  Ray  Lankester,  F.R.S. 
Prof. W.Boyd  Dawkins,F.R.S. 

Francis  Galton,  F.R.S 

Prof.  Huxley,  Sec.  R.S 

W.  SpottiswoodCjPres.  R.S.... 

Prof.  Sir  Wm.  Thomson,  F.R.S. 
Prof.  H.  N.  Moseley,  F.R.S. 
Prof.  R.  S.  BaU.  F.R.S 

Prof.    J.     G.     McKendrick, 
F.R.S.E. 

Prof.  O.  J.  Lodge,  D.Sc 

Rev.  W.  H.  Dallinger,  F.R.S. 


Prof.  W.  G.  Adams,  F.R.S. ... 

John  Murray,  F.R.S.E 

A.  W.  Rucker,  M.A..  F.R.S. 
Prof.  W.  Rutherford,  M.D. ... 
Prof.  H.  B.  Dixon,  F.R.S.    ... 
Col.    Sir     F.    de     Winton, 

K.C.M.G. 
Prof.  W.  E.  Ayrton,  F.R.S. ... 

Prof.  T.  G.    Bonney,  D.Sc, 

F.R.s: 

Prof.  W.  C.  Roberts-Austen, 

F.R.8. 
Walter  Gardiner,  M.A 


E.  B.  Poulton,  M.A.,  F.R.S.... 
Prof.  C.  Vernon  Boys,  F.R.S. 

Prof.L.  C.  MiaU,F.L.S.,r.G.S. 

Prof.A.W.Racker,M.A.,F.R.S. 
Prof.    A.    Mihies    Marshall, 

D.Sc,  F.R.S. 
Prof.  J.  A  Ewing,  M. A.,  F.R.S., 

F.R.S.B. 
Prof.  A.  Smithells.  B.Sc. 
Prof.  Victor  Horsley,  F.R.S. 

J.  W.  Gregory,  D.Sc,  F.G.S. 

Prof.  J.Shield  Nicholson,  M.A. 


The  Physical  Phenomena  connected 

with  the  Mines  of  Cornwall  and 

Devon. 
The  New  Element,  Gallium. 
Animal  Intelligence. 
Dissociation,  or   Modem  Ideas  of 

Chemical  Action. 
Radiant  Matter. 
Degeneration. 
Primeval  Man. 
Mental  Imagery. 
The  Rise  and  Progress  of  Palsson* 

tology. 
The  Electric  Discharge,  its  Forms 

and  its  Functions. 
Tides. 

Pelagic  life. 
Recent  Researches  on  the  Distance 

of  tho  Sun. 
Galvanic  and  Animal  Electricity. 

Dust. 

The  Modem  Microscope  in  Re- 
searches on  the  Least  and  Lowest 
Forms  of  Life. 

The  Electric  Light  and  Atmospheric 
Absorption. 

The  Great  Ocean  Basins. 

Soap  Bubbles. 

The  Sense  of  Hearing. 

The  Rate  of  Explosions  in  Gases. 

Explorations  in  Central  Africa. 

The  Electrical  Transmission  of 
Power. 

The  Foundation  Stones  of  the  Earth's 
Crust. 

The  Hardening  and  Tempering  of 
Steel. 

How  Plants  maintain  themselves  in 
the  Struggle  for  Existence. 

Mimicry. 

Quartz  Fibres  and  their  Applica- 
tions. 

Some  Difficulties  in  the  Life  of 
Aquatic  Inf>6Ct8. 

Electrical  Stress. 

Pedigrees. 

Magnetic  Induction. 

Flame. 

The  Discovery  of  the  Physiology  of 
the  Nervous  System. 

Experiences  and  Prospects  of 
African  Exploration. 

Historical  Progress  and  Ideal  So- 
cialism. 
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LECTURES  TO  THE  OPEKATIVE  CLASSES. 


Date  and  Place 


1867. 
1868. 
1869. 


Dundee.., 
Norwich 
Exeter  ... 


1870.  Liverpool. 


1872. 
1873. 
1874. 
1875. 
1876. 

1877. 
1870, 
1880. 
18SI. 

1882. 

1883. 
1884. 
1885. 
1886. 

1887. 
1888. 

1889. 

1890. 
1891. 
1892 
1893. 
1894. 


Brighton  ... 
Bradford  ... 

Belfast 

Briatnl 

Glasgow   ... 

Plymouth... 
Sheffield  ... 
Swansea  ... 
York 


Soathamp- 

ton. 
Soathp-)rt 
Montreal  ... 
Aberdeen... 
Birmingham 

Manchester 
Bath 

Newcastle- 
upon-Tyne 

Leeds  

Cardiff 

Edinburgh 

Nottingham 

Oxford... 


Lecturer 


Prof.  J.  Tyndall,  LL.D.,  F.R.S. 
Prof.  Huxley,  LL.D.,  F.R.S. 
Prof.  Miller,  M.D.,  F.R.S.   ... 


Sir  John  Lubbock,  Bart.,M.P., 

F.R.S. 
W.Spottiswoode,LL.D.,F.R.S. 
C.  W.  Siemens,  D.C.L.,  F.B.S. 

Prof.  Odling,  F.R.S 

Dr.  W.  B.  Carpenter.  F.R.S. 
Commander  Cameron,   C.B., 

R.N. 

W.  H.  Preece 

VV.  E.  Ayrton    

H.  Seebohm,  F.Z.S 

Prof.      Osborne      Reynolds, 

F.R.S. 
John  Evans,  D.C.L.,Trea8.  R.S. 


Sir  F.  J.  Bramweli,  F.R.S.  ... 

Prof.  R.  S.  Ball,  F.R.S 

H.  B.  Dixon,  M.A 

Prof.  W.  C.  Roberts-Austen, 

F.R.S. 

Prof.  G.  Forbes,  F.RS 

Sir  John  Lubbock,  Bart.,  M.P., 

F.R.S. 
B.  Baker,  M.Tnst.C.E 


Subject  of  Disconne 

Matter  and  Force. 

A  Piece  of  Chalk. 

Experimental  Illastrations  of  the 
modes  of  detecting  the  Composi- 
tion of  the  Sun  and  other  Heavenly 
Bodies  by  the  Spectrum. 

Savages. 

Sunshine,  Sea,  and  Sky. 

Fuel. 

The  Discovery  of  Onygen. 

A  Piece  of  Limestone. 

A  Journey  through  Africa. 

Telegraphy  and  the  Telephone. 

Electricity  as  a  Motive  Power. 

The  North-East  Passage. 

Raindrops,  Hailstones,  and  Snow- 
flakes. 

Unwritten  History,  and  bow  to 
read  it. 

Talking  by  Electricity— Telephones. 

Comets. 

The  Nature  of  Explosions. 

The  Colours  of  Metals  and  their 
Alloys. 

Electric  Lighting. 

The  Customs  of  Savage  Races. 

The  Forth  Bridge. 


Prof.  J.  Perry,  D.Sc,  F.R.S.    '  Spinniog  Tops. 

Prof.  S.  P.  Thompson,  F.R.S.   Electricity  in  Mining. 

Prof.  C.  Vernon  Boys,  F.R.S. ,  Electric  Spark  Photographs. 

Prof.  Vivian  B.  Lewes I  Spontaneous  Combustion. 

Prof.  W.  J.  Sollas,  F.R.S.    ...  I  Geologies  and  Deluges. 
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OFFICERS   OF   SECTIONAL  COMMITTEES   PRESENT  AT 
THE  OXFORD  MEETING, 

SECTION  A. — MATHEMATICAL  AKD  PHYSICAL  SCIENCE. 

President. — Professor  A.  W.  Riicker. 

Vice-Presidents.— R.  E.  Baynes,  M.A.  ;  Professor  R.  B.  Clifton,  M.A., 
F.R.S. ;  Professor  E.  B.  Elliott,  M.A.,  F.R.S. ;  Professor  W.  Esson, 
M. A.,  F.RS. ;  R.  T.  Glazebrook,  M. A.,  F.R.S. ;  Lord  Kelvin, 
Pres.R.S.;  Lord  Rayleigh,  Sec.R.S. 

Secretaries, — ^Professor  W.  H.  Heaton,  M.A.;  Professor  A.  Lodge,  M.A, 
{Recorder);  J.  Walker,  M.A, 

SECTION  B. — CHEMISTBT  AND  MINERALOGY. 

/V«ic/tfu/.— Professor  H.  B.  Dixon,  M.A.,  F.R.S. 

Vice  Presidents.— Sir  F.  A.  Abel,  Bart.,  K.C.B.,  F  R.S. ;  Professor  E. 
Frankland,  D.C.L.,  F.R.Sj  J.  H.  Gladstone,  Ph.D.,  F.R  S. ;  Pro- 
fessor R.  Meldola,  F.R.S.,  For.Sec.C.S. ;  Professor  W.  Odling,  Ph.D., 
F.R.8^  V.P.C.S.;  Professor  J.  Emerson  Reynolds,  M.D.,  D.Sc,  F.R.S.; 
Sir  Henry  E.  Roscoe,  D.C.L.,  F.R.S. 

4Secretaries.—B..  A.  Colefax,  M.A.,  Ph.D. ;  W.  W.  Fisher,  M.A. ;  Arthur 
Harden,  M.Sc.,  Ph.D. ;  H.  Forster  Morley,  D.Sc.  {Recorder). 

SECTION  C. — GEOLOGY. 

President— L.  Fletcher,  M.A.,  F.R.S. 

Vice-Presidents.— Professor  W.  Boyd  Dawkins,  F.R.S. ;  Sir  Archibald 
Geikie,  D.Sc,  LL.D.,  F.RS. ;  Professor  A.  H.  Green,  F.R.S. ; 
Dr.  H.  Hicks,  F.R.S. ;  Dr.  E.  Mojsisovics  von  Mojsvdr ;  Professor 
A.  F.  Renard;  Dr.  A.  R.  C.  Selwyn,  F.R,S.;  H.  Woodward, 
LL.D.,  F.R.S. 

Secretaries. — F.  A.  Bather,  M.A. ;  Alfred  Harker,  M.A, ;  Clement  Reid ; 
W.  W,  Watts,  M.A.  {Recorder). 

SECTION  D. — ^BIOLOGY. 

/*r(5«Mfont— Professor  I.  Bayley  Balfour,  M.A.,  F.R.S. 

Vice'Presidents.—The  Right  Hon.  T.  H.  Huxley,  D.C.L.,  F.R.S. ;  Pro- 
fessor E.  Ray  Lankester,  M.A.,  F.RS. ;  Professor  Alfred  Newton, 
M.A.,  F.RS.;  Professor  E.  B.  Poulton,  F.R.S.;  P.  L.  ScUter,  Ph.D., 
F.RS.;  W.  T.  Thiselton-Dyer,  M.A.,  F.R.S.;  Rev.  H.  B.  Tristram, 
M.A.,  LL.D.,  D.D.,  F.R.S. ;  Professor  S.  H.  Vines,  M.A.,  F.RS. 
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Secretaries, — W.  B.  Benham,  D.Sc,  M.A. ;  Professor  J.  B.  Farmer,  M.A., 
F.L.S. ;  Professor  W.  A.  Herdman,  D.Sc,  F.R.S.,  F.R.S.E. ;  Pro- 
fessor S.  J.  Hickson,  M.A.,  D.Sc.  (Recorder) ;  G.  Murray,  F.R.S.E^ 
F.L.S. ;  W.  L.  Solater,  M.A.,  F.Z.S. 

SECTION   E. — GEOGRAPHY. 

President— CeLj^t&m  W.  J.  L.  Wharton,  R.N.,  F.R.S. 

Vice-Presidents, — Professor  Guido  Cora ;  J.  Scott  Keltie  ;  H.  J.  Mac- 
kinder,  M.A. ;  The  Warden  of  Merton  College ;  Admiral  Sir  Erasmus 
Ommanney,  G.B.,  F.R.S.;  E.  G.  Ravenstein;  Henry  Seebohm,  F.L.S.; 
lieut'-General  R.  Strachey,  R.E.,  C.S.I.,  F.R.S. 

Secretaries.— J.  Coles,  F.R.G.S. ;  W.  Scott  D.algleish,  LL.D. ;  H.  N,  Dick- 
son, F.R.S.E. ;  Hugh  Robert  Mill,  D.Sc,  F.R.S.E.  (Becorder). 

SECTION  F. — ECONOMIC   SCIENCE  AND   STATISTICS. 

Prewcfen^.— Professor  C.  F.  Bastable,  M.A.,  F.S.S. 

Vice-Presidents, — Professor  W.  Cunningham,  D.D. ;  Professor  F.  Y. 
Edgeworth,  M.A.,  D.C.L.,  F.S.S. }  The  Hon.  Sir  Charles  Fremantle, 
K.C.B. ;  Professor  J.  S.  Nicholson,  M.A.,  D.Sc,  F.S.S. ;  R.  H.  Inglis 
Palgrave,  F.R.S. ;  L.  L.  Price,  M.A.,  F.S.S. ;  Profe^or  H.  Sidgwick, 
Litt.D. 

Secretaries, — E.  Cannan,  MA.,  F.S.S. ;  Professor  E.  C.  K.  Gonner,  M.A., 
F.S.S.  {Recorder))  W.  A.  S.  Hewins,  M.A.,  F.S.S.;  H.  Higgs,  LL.B. 

SECTION   G. — MECHANICAL  SCIENCE. 

President,— VToiessoT  A.  B.  W.  Kennedy,  F.R.S.,  M.Inst.C.E. 

Vice-Presidents, — Lieut.-Colonel  Allan  Cunningham ;  G.  F.  Deacon, 
M.inst.C.E. ;  Professor  L.  F.  Vernon  Harcourt,  M.A.,  M.Inst.C.E. ; 
Jeremiah  Head,  M.InstC.E.,  F.C.S. ;  Sir  A.  Noble,  K.C.B.,  F.R.S. 

^ecretort««.— Professor  T.  Hudson  Beare,  F.R.S.E.  [Recorder) ;  Conrad 
W.  Cooke ;  W.  Bayley  Marshall,  M.Inst.C.E. ;  Rev.  F.  J.  Smith, 
M.A.,  F.R.S. 

SECTION   H. — ANTHROPOLOGY. 

President.— ^ir  W.  H.  Flower,  K.C.B.,  F.R.S. 

Vice-Presidents, — Sir  John  Evans,  K.C.B., .  E.R.S. ;  Professor  Max 
Miiller,  D.C.L.  ;  Professor  A.  H.  Sayce,  M.A. ;  E.  B.  Tylor,  D.C.K, 
F.KS.       . 

Secretaries, — H.  Balfour,  M.A. ;  J.  Q,  Garson,  M.D.  {Recorder):,  H.  lang 
Roth. 

SECTION   I. — PHYSIOLOGY. 

President,— Vroiessov  E.  A.  Schafer,  F.R.S. 

Vice-Presidents,— FroiesaoT  M.  Foster,  M.D.,  F.R.S.;  Professor  J.  G. 
McKendrick,  M.D.,  F.R.S.;  Professor  W.  Rutherford,  M.D.,  F.R.S.  ; 
Professor  J.  S.  Burdon  Sanderson,  M.D.,  F.R.S. 

#S'ecretorte«.— Professor  F.  Gotch,  F.R.S. ;  J.  S.  Haldane,  M.A.,  M.D. 
{Recorder)  ;  M.  S.  Pembrey,  M.  A.,  M  B. 
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OFFICERS  AND  COUNCIL,  1894-95. 

PRESIDENT. 

Tbb  Host  Hox.  the  If  ^QTTIS  OP  SALISBURT,  E.Q.,  D.CJi.,  F.R.S.,  Cbaocellor  of  the 

UniTenity  of  Oxford. 


VICE-PRESIDENTS. 
The  Bight  Hon.  the  E/RL  op  Jersey,  O.G.M.Q.,    {  The  Mayor  or  Oxford. 

Lord-Lieutenant  of  tlie  Coantv  of  Oxford. 
The  Right  Hon.  Lord  WAsrrAGB^ICC.RnV.O.,  Lord- 

Lieotenfint  of  Berkshire. 
The  Bight  Hon.  the  Barl  of  Eobbbert,  K.O., 

D.C.L.,  F.B.8. 
The  Right  Rev.  the  Lord  Bishop  op  Oxford,  D.D. 
The  Right  Hon.  Lord  Rothschild,  Lord-Llea- 

tenant  of  BockH. 
The  Right  Hon.  Lord  Kelvix,  D.C.L^.  Pre«.R.a 
The  Rer.  the  Vice-Gha:;crllur  of  tbx  Univer- 

BITT    OF  OXTORB. 

PRESIDENT  ELECT. 
Captain  SIR  DOUOLAS  GALTON,  E.C.B.,  D.G.L.,  LL.D.,  F.R.S.,  F.R,GA,  F.a.S. 

VICE-PRESIDENTS  ELECT. 


Sir  W.  R.  Amsox,  D.C.L.,  Warden  of  All  Soula" 

College. 
Sir  Bfrnhard  Samuelson,  Barf.,  M.P.,  F.R.9. 
Sir  HsKRT  Drxi  Ac  LAND,  Bart.,  K.C.B.,  MJDu 

F.R.8.,  Regloa  Profeeeor  of  Medicine. 
The  R«;T.  the  Master  op  Pembroke  College, 

Sedloian  Profeeeor  of  Natural  Philoiophy. 
Dr.  J.  J.  Sylvester,  PJU8.,  SaviUan  Professor  of 

Geometry. 


Tlie  Right  Hon.  Lord  Hkxn-iker.  F.S.A. 
The  Right  Hon.  Lord  Rendlesham. 
The  Mayor  of  Ipswich. 
Sir  O.  O.  Stokes,  Bart.,  D.C.L..  F.R.S. 
Pr.  B.  Pranklan'd,  D.C.L..  F.R  S. 
Profeaaor  G.  H.  Darwin,  MA.,  F.R.S. 
Fbux  T.  Cobbolo,  Ebq^  M.A. 


The  Most  Hon.  the  Marquis  of  Bristol,  M.A., 

Lord-Iientenant  of  the  County  of  Suffolk.  - 
The  Right  Hon.  Lord  Walbixoham,  LL.D.,  F.R.8., 
High  Steward  of  the  Unirersity  of  Oambriige. 
The  Bight  Hon.  Lord  Ratleioh,  D.O.L.,  8ec.R.S., 

Lord-Liencenant  of  the  County  of  Braex. 
The   Right  Hon.  Lord  Gwydyr,   M.A.,  High 
Steward  of  the  Borough  of  Iptwidh. 

GENERAL    SECRETARIES. 

Capt.  Sir  Douolab  Galton,  E.O.B.,  D.C.L.,  LL.D..  P.ft.8.,  F.G.S.,  12  Chester  Street,  London,  S.W, 

A«  G.  Yerxon  Haroourt,  Beq.,  M.A.,  D.C.L.,  LL.D.,  F.RJ3.,  F.C.S.,  Cowley  Grange,  Oxfbrd. 

ASSISTANT   GENERAL    SECRETARY. 
G.  Griffith,  Bsq.,  M.An  College  Road,  Harrow,  Middlesex. 

GENERAL   TREASURER. 
Profetaor  Arthur  W.  RtyoxBR,  M.A.,  F.R.S.,  Burlington  House,  London,  W. 

LOCAL  SECRETARIES   FOR  THE  MEETING  AT  IPSWICH. 
G.  H.  Hewetson,  Esq.      1     S.  A.  Notcutt,  Esq.,  B. A,  LL.M.,  B.Sc.      |        E.  P.  Ridley,  Esq. 

LOCAL  TREASURERS  FOR  THE  MEETING  AT  IPSWICH. 
H.  J.  W.  Jeryis,  Esq.  I  Roger  Keriuson,  Esq. 


ORDINARY    MEMBE 

Anderson,  Dr.  W..  F.R.S. 
AYRTON.  Professor  W.  B.,  F.RS. 
Baker,  Sir  B.,  K.C.M.G.,  F.R.S. 
Boys,  Professor  C.  Varnon,  F.R,8. 
Bdobworth,  Profeesor  F.  Y.,  M.A. 
Byans,  Sir  J.,  K.C3.,  F.R.S. 
FoxwxLL,  Professor  IL  S.,  M.A. 
Hbhdman,  Professor  W.  A.,  P.R.<«. 
HoRSLBT,  Professor  Victor,  FJI.S. 
Lankbbtkil  Professor  B.  Ray.  FJ1.S. 
LivxiNO,  Professor  G.  D.,  F.R^. 
LODOE,  Profeesor  Oliyer  J.,  F.R.S. 
Markhsm,  Clements  R.,  Esq.,  C3.,  F.R.S. 


OF   THE    COUNCIL. 

Meldola,  Professor  R.,  F.R.8. 
Prxecb,  W.  H.,  Esq.,  C.B.,  F.R.S. 
Rausay,  Professor  W.,  F.R.8. 
Reinold,  Professor  A.  W.,  F.R,S. 
Reynolds,  Professor  J.  ExKiteON,  M.D., 

F.R.S. 
Syxons,  O.  J,,  Esq^  F.R.S. 
Teall,  J.  J.  H.,  Esq..  F.R.S. 
Thomson, Professor  J.  J..  F.RS. 
Ukwin,  Profenor  W.  C.  F.R.S. 
Vines,  Professor  S.  H.,  F.RS. 
Ward,  Professor  Makhuall,  F.R.S. 
Whitaker,  W.,  Esq.,  F.R.S. 


EX-OFPICIO    MEMBERS    OF   THE    COUNCIL. 
The  Trustees,  the  President  and  President  Elect,  the  Presidento  of  former  years,  the  Vice-Presidents  and 
Yice.Presideuts  Blect,  the  General  and  Assistant  General  Secretaries  for  the  present  snd  former  years,. 
the  SecretaiY,  the  General  Treasurers  for  the  present  and  former  years,  and  the  Local  Treasurers  and 
Secretaries  for  the  ensuing  Meeting. 

TRT7STEE8  (PBRMANBMT). 
The  Right  Hon.  Shr  John  Lubbock,  Bart.,  M.P.,  D.C.L.,  LL.D.,  F.R.S.,  F.L.8. 
The  Right  Hon.  Lord  Rayi^eiom,  MA.,  D.CX.,  LL.D.,  See.R.S.,  F.R.A.8. 
Tlie  Right  Hon.  Lord  Playfaiu,  K.C.B.,  Ph.D.,  LL.D.,  F.R.8. 


PRESIDENTS  OF  FORMER  YRABS. 


The  Duke  of  Argyll,  K.G.,  K.T. 
Lord  Armstrong,  C.B.,  P.R.S. 
Sir  WillUm  R.  GroYS,  F.R.8. 
8ir  Joseph  D.  Hooker,  F.R.S. 
Sir  G.  G.  Stokes,  Bart.,  F.RA 
The  Rt.  Hon.  Prof.  Huxley,  F.R.a 
Lord  KelYin,  LL.D.,  Pres.R.S. 


Prot  A.  W.  Williamson,  F.R.S. 
Prof.  AUman.  M.D.,  F.R.S. 
Sir  John  Lubbock,  Bsrt.,F.R.S. 
Prof.  Cayley,  LL.D.,  F.R.8. 
Lord  Rayleigh,  D.C.L.,  6eo.R.S. 
Lord  Playfair.  K.C.B.,  F.R.S. 
Sir  Wm.  Dawson,  CJI.G.,  F.R.S. 


Sir  H.  B.  Rosooe,  D.C.L.,  F.B.S. 
Sir  K.J.  Bramwell,  Bart.,  F.R.S. 
Sir  W.  H.  Flower,  K.C.B.,  F.R.S. 
Sir  F.  A.  Abel.  Bart.,  K.C.B.,  F.RS. 
Dr.  Wm.  Hugffins,  D.O.L„  F.RS. 
SirArchibald  Geikie,LL.D.,F.R.8. 
Prof.  J.S.Burdon  Sander8on,F.R..S. 


GBNERAL  OFFICERS  OF  FORMBB  YEARS. 
F.  Galton,  Bm].,  F.H.S.  I  G.  Griffith,  Biq.,  M.A.  I  Prof.  Bnnney.  D.Sr..  F.R.S. 

Prof.  Michael  Foster,  SecR.S.        |  P.  L.  Solater,  Esq.,  Ph.D.,  F.ILS.    |  Pruf .  WiUiamson,  Ph.  D.,  F.R.Sw 


Prof.  W.  Cunningham,  D.Sc 


AUDITORS. 
I  Dr.  T.  B.  Thorpe,  F.R.S. 


I  Ludwig  Mond,  Esq.,  F.RJ3. 
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THE  BRITISH  ASSOCIATION  FOK 


Dr.  THE  GENERAL  TREASURER'S  ACCOUNT, 

1893-94.  BECEIPTS. 

£     M.  d. 

Balance  brought  forward  391    1  9 

Life  Compositions    280    0  0 

New  Annual  Members*  Subscriptions  134    0  0 

Annual  Subscriptions 558    0  0 

Sale  of  Associates' Tickets 762    0  0 

Sale  of  Ladies*  Tickets   268    0  0 

Sale  of  Index,  1861-90 £85     1     3 

Sale  of  other  Publications 145    5    4 

-^ 230    6  7 

Interest  on  Exchequer  Bills  12  14  11 

Dividends  on  Consols 226  18  8 

Dividends  on  India  3  per  Cents 104  17  0 

Unexpended  Balance  of  Grant  for  investigating  the  Physio- 
logical Action  of  Oxygen  in  Asphyxia    1    0  11 

Unexpended  balance  of  Grant  to  Wave-lengths  Committee  136    4  0 

Income  Tax  returned 25  11  8 

Sale  of  Consols— £962  16  7  at  100|  -  £971     5     1 

Less  Stamp  and  Commission 16    1 

970    0  0 

Exchequer  Bills  transferred  from  Investments  Account ......  500    0  0 


£4600  16  6 

Investments 

£       i.  d. 

June  30, 1893:  Consols 8500    0  0 

India  3  per  Cents 3600    0  0 

In  hands  of  General  Treasurer  : 

Exchequer  Bills 600    0  0 

£12,600    0  0 
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THE  ADVANCEMENT  OF  SCIENCE. 


from  July  ],  1893,  to  June  30, 1894.  Cr. 

1893-94.  PAYMENTS. 

£     «.     d, 
Bxpenses  of  Nottingham  Meeting,  including  Printing,  Adver- 
tising, Payment  of  Clerks,  &c 133  16    8 

Bent  and  Office  Expenses 62  12    6 

Salaries 503  16    0 

Printing,  Binding,  &c.:— 1892-93 £1019    6    7 

„  1893-94 942    7    9 

Index,  1861-90    221    0    0 


Payment  of  Grants  made  at  Nottingham : — 

£  s,  d. 

Electrical  StandarOs 25  0  0 

Fhotoicraphs  of  Metoorological  Phenomena  10  0  0 

Tables  of  Mathematical  Functions 16  0  0 

Beoordiiig  the  Direct  Intezuity  of  Solar  Badiation 6  6  6 

Wave-length  Tablet  of  the  Spectra  of  the  Slemenis 10  0  0 

Action  of  Light  upon  Djed  Ooloun 6  0  0 

Erratic  Blocks   15  0  0 

Fuodl  Phyllopoda 6  0  0 

SheU-bearing  Deposits  at  Clava,  Chapclhall,  &c 20  0  0 

Barj^pterids  of  the  Pentland  Hills    6  0  0 

New  Sections  of  Stonesfteld  Slate 14  0  0 

Observations  on  Earth-tremors     50  0  0 

Exploration  of  Cair-Hole  Cave 5  0  0 

Table  at  the  Naples  Zoological  Station 100  0  0 

Table  at  the  Plymouth  Biological  Laborator}' 5  0  0 

Zoology  of  the  Sandwich  IsUnds 100  0  0 

Zoology  of  the  Irish  Sea 40  0  0 

Structure  and  Function  ot  the  Hamnialiau  Heart 10  0  0 

Observations  in  South  Qeorgia 60  0  0 

Exploration  in  Arabia 80  0  0 

Methods  ot  Economic  Training i>  10  0 

Anthropometric  Laboratory'  Statistics   6  U  0 

Ethnographical  Survey  of  the  United  Kingdom 10  0  0 

The  Lake  Village  at  Ulastonbnry 40  0  0 

Anthropometrical  Measurements  in  bchools; 6  0  0 

Mental  and  Physical  Condition  of  Children 20  0  0 

Corresponding  Societies 26  0  0 

In  hands  of  General  Treasurer : — 
At  Bank  of  England.  Western  Branch  £682  9  8 

Less  Cheques  not  presented    89  6  9 

503  2  11 

Exchequer  Bills 600  0  0 

Cash 0  19  7 


2182  13    4 


633  15    6 


^J094    2    6 

£4600  15    6 

Account. 

£       s,    d. 

Consols  sold   *K)2  16    7 

Exchequer  Bills  transferred  to  General  Account 500    0    0 

Investments  June  30,  1894 :— Consols £7537    3    6 

India  3  per  Cents   3600    0    0 

11137    3    5 

£l?,€00]j)    0 

Abthub  W.  RtycKEB,  General  Treaturer. 

Wm.  Cunningham,'!     .^,..  ^. 
T.  E.  Thoepe,         /  ^^'^'^^'•'• 

July  13, 1894. 
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TMe  allowing  the  Attendance  and  ReceipU 


Dftte  of  Meeting 


Where  held 


York  

Oxford  

Cambridge   

Edinburgh    

Dublin  

Bristol  

Liverpool  

Newcastle-on-Tyne 

Birmingham 

Glasgow    

Plymouth 

Manchester  

Cork    

York  

Cambridge   

Southampton    

Oxford  

Swansea    

Birmingham 

Edinburgh    

Ipswich 

Belfast  

Hull  

Liverpool  

Qlasgow    

Cheltenham 

Dublin  

Leeds 

Aberdeen  

Oxford  

Manchester  

Cambridge    

Newcastle-on-Tyne 

Bath  

Birmingham 

Nottingham 

Dundee 

Norwich    

Exeter  

Liverpool  

Edinburgh    

Brighton   

Bradford  

Belfast 

Bristol  

Glasgow    

Plymouth 

Dublin  

Sheffield    

Swansea    

York  

Southampton    

Southport 

Montreal   

Aberdeen  

Birmingham 

I  Manchester  

I  Balh  

I  Newcastle-on-Tyne 

Leeds 

Cardiff  

Edinburgh  

Nottingham 

Oxford  


1831,  Sept.  27  ... 

1832,  June  19  ... 
1833»  June  25  ... 
1834,  Sept.  8  ... 
1836,  Aug.  10  ... 

1836,  Aug.  22  ... 

1837,  Sept.  11  ... 

1838,  Aug.  10... 

1839,  Aug.  26  ... 

1840,  Sept.  17  ... 

1841,  July  20  ... 

1842,  June  23  ... 

1843,  Aug.  17  ... 

1844,  Sept.  26... 

1845,  June  19  ... 

1846,  Sept.  10  ... 

1847,  June  23  ... 

1848,  Aug.  9  ... 

1849,  Sept.  13  ... 

1850,  July  21  ... 

1861,  July  2  .. 

1862,  Sept.  1  ... 

1863,  Sept.  3  ... 

1864,  Sept.  20  ... 
1866,  Sept.  12  ... 

1866,  Aug.  6  ... 

1867,  Aug.  26... 

1868,  Sept.  22  ... 

1869,  Sept.  14  ... 

1860,  June  27  ... 

1861,  Sept.  4  ... 

1862,  Oct.  1  ... 

1863,  Aug.  26  ... 

1864,  Sept.  13  ... 
1866,  Sept.  6  ... 

1866,  Aug.  22  ... 

1867,  Sept.  4  ... 

1868,  Aug.  19  ... 

1869,  Aug.  18  ... 

1870,  Sept.  14  .. 

1871,  Aug.  2  ... 

1872,  Aug.  14.. 

1873,  Sept.  17  .. 

1874,  Aug.  19  .., 
1876,  Aug.  26  .. 

1876,  Sept.  6  .. 

1877,  Aug.  15  .. 

1878,  Aug.  14.. 

1879,  Aug.  20  .. 

1880,  Aug.  25  .. 

1881,  Aug.  31  .. 

1882,  Aug.  2.^  .. 

1883,  Sept.  10.. 

1884,  Aug.  27  .. 
1886,  Sept.  9  .. 

1886,  Sept.  1  .. 

1887,  Aug.  31  .. 

1888,  Sept.  6  .. 

1889,  Sept.  11.. 

1890,  Sept.  3  .. 

1891,  Aug.  19  .. 

1892,  Aug.  3  .. 

1893,  Sept..  13  .. 

1894,  Aug.  8  .. 

•  Ladies  were  not  admitted  by  porchawd  tickeU  uatil  1M3, 


Presidents 


Old  life 
Memben 


The  Earl  Fitzwilliam,  D.C.L. 
The  Rev.  W.  Buckland,  F.R.S. 
The  Rev.  A.  Sedgwick,  F.R.S. 

Sir  T.  M.  Brisbane,  D.C.L 

The  Rev.  Provost  Lloyd,  LL.D. 
The  Marquis  of  Lansdowne  ... 
The  Earl  of  Burlington,  F.R.S. 
The  Duke  of  Northumberland 
The  Rev.  W.  Vernon  Harcourt 
The  Marquis  of  Breadalbane... 
The  Rev.  W.  Whewell,  F.R.S. 

The  Lord  Francis  Egerton 

The  Earl  of  Rosse,  F.R.8 

The  Rev.  G.  Peacock,  D.D.  ... 
Sir  John  F.  W.  Herschel,  Bart. 
Sir  Roderick  I.  Murchi8on,Bart. 

Sir  Robert  H.  Inglis,  Bart 

The  Marquis  of  Northampton 
The  Rev.  T.  R.  Robinson,  D.D. 

Sir  David  Brewster,  K.H 

G.  B.  Airy,  Astronomer  Royal 
Lieut. -General  Sabine,  F.R.S. 

William  Hopkins,  F.R.S 

The  Earl  of  Harrowby,  F.R.S. 
The  Duke  of  Argyll,  F.R.8.  ... 
Prof.  C.  G.  B.  Daubeny,  M.D. 
The  Rev.Humphrey  Lloyd,  D.D. 
Richard  Owen,  M.D.,  D.C.L.... 
U.R.H.  the  Prince  Consort   ... 
The  Lord  Wrottesley,  MJl.   ... 
WilliamFairbaim,LL.D.,F.R.S. 
The  Rev.  Professor  Willis,  M. A. 
Sir  William  G.Armstrong,  C.B. 
Sir  Charles  Lj'ell,  Bart.,  M.A. 
Prof.  J.  Phillips,  M.A.,  LL.D. 
William  R.  Grove,  Q.C.,  F.R.S. 
The  Duke  of  Bnccleuch,K.C.B. 
Dr.  Joseph  D.  Hooker,  F.R.S. 

Prof.  G.  G.  Stokes,  D.C.L 

Prof.  T.  H.  Huxley,  LL.D 

Prof.  Sir  W.  Thomson,  LL.D. 
Dr.  W.  B.  Carpenter,  F.R.S. ... 
Prof.  A.  W.  Williamson,  F.R.S. 
Prof.  J.  Tyndall,  LL.D.,  F.R.S. 
Sir  John  Hawk8haw,C.E.,F.R.S. 
Prof.  T.  Andrews,  M.D.,  F.R.S. 
Prof.  A.  Thomson,  M.D.,F.R.S. 
W.  Spottiswoode,  M.A.,  F.R.S. 
Prof.G.  J.  Allman,  M.D.,  F.R.S. 
A.  C.  Ramsay,  LL.D.,  F.R.8... . 
Sir  John  Lubbock,  Bart.,  F.R.S. 

Dr.  C.  W.  Siemens,  F.R.S 

Prof.  A.  Cayley,  D.C.L.,  F.R.S. 
Prof.  Lord  Rayleigh,  F  R.S.  ... 
Sir  Lyon  Playfair,K.C.B.,F.R.S. 
Sir  J.W.  Dawson.  C.M.G.,F.R.S. 
Sir  H.  E.  Roscoe,  D.C.L.,F.R.S. 
Sir  F.  J.  Bramwell,  F.R.S.... 
Prof.  W.H.  Flower.  C.B..  F.R.S. 
Sir  F.  A.  Abel,  C.B..  F.R.S.   .. 

Dr.  W.  Huggins,  F.R.S 

Sir  A.  Geikie,  LL.D.,  F.R.8.  ., 
Prof.  J.  S.  Burdon  Sanderson.. 
The  Maiquis  of  Salisbury.F.R.S. 

t  Tlckeu  of  AdlOQlC 
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IndndiDg  Ladieg.  i  ItHJom  of  iha  Americau  Am etatkm  were  admitted  as  Hon.  Members  for  this  Meeting. 
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REPORT  OF  THE  COUNCIL. 

Report  of  the  Council  for  Hie  Year  1893-94,  presented  to  the  CieneraZ 
Committee  at  Oxford  on  Wednesday ^  August  8,  1894. 

The  Council  have  received  reports  from  the  General  Treasurer  durinjr 
the  past  year,  and  his  account  from  July  1,  1893  to  June  30,  1894,  wliich 
has  been  audited,  will  be  presented  to  the  General  Committee. 

As  the  amount  of  money  voted  for  grants  has  been  subject  to  con- 
siderable fluctuations,  and  as  the  expenditure  on  printing  is  apt  to 
increase  unless  carefully  watched,  the  Council  appointed  a  Committee  to 
report  on  the  desirability  of  equalising  the  grants  made  for  scientific 
purposes  in  diflerent  years,  and  of  making,  if  possible,  still  further 
i-eductions  in  the  expenditure  on  printing. 

The  Council  received  and  adopted  the  following  Report  from  their 
Committee. 

(1)  That  it  is  not  desirable  that  the  Invested  Funds  of  the  Association  bu 
increased,  and  that  the  floating  balance  In  the  hands  of  the  Treasurer 
might  be  diminished  if  the  bill  for  printing,  which  is  now  due,  were  paid 
out  of  Capital.  The  Committee  therefore  recommend  that  a  sufficient  sum 
be  taken  out  of  Capital  to  allow  this  to  be  done. 

(2)  That  the  Treasurer  be  requested  to  continue  the  practice,  which  he  began 
at  Nottingham,  of  presenting  to  the  Committee  oc  Recommendations,  at 
their  second  meeting,  an  estimate  of  the  receipts  and  expenses  of  the 
Association  for  the  current  financial  year. 

(3)  That  it  is  not  adnsable  to  lay  down  any  definite  rules  as  to  the  amount  to 
be  expended  in  grants,  but  that  as  far  as  circumstances  permit  the  following 
regulations  should  be  adhered  to : — 

(a)  That  1,0002.  be  at  present  regarded  as  the  normal  annual  grant  in  aifl 
of  research. 

(/B)  That  this  sum  be  annually  granted,  unless  the  e««timated  floating 
balance  in  the  hands  of  the  Treasurer  at  the  end  of  the  current 
financial  year  is  less  than  6002.  or  greater  than  1,0002. 

(y)  If  the  estimated  balance  falls  short  of  5002 ,  it  is  desirable  that  the 
grant  should  be  reduced.  If  it  exceeds  1,0002.,  the  excess  may  be 
regarded  as  available  for  increasing  the  grant  above  1,0002. 

(8)  In  the  case  of  a  sudden  increase  of  the  floating  balance  above  1,000/., 
due  to  an  exceptionally  large  meeting,  it  is  not  desirable  that  the 
whole  of  the  smplus  should  be  spent  at  one  meeting. 

(4)  That  in  view  of  the  large  annual  expenditure  on  printing,  the  Committee 
recommend  that  the  attention  of  Committees  to  whom  grants  of  money 
are  made  be  drawn  to  the  importance  of  economy.  Good  service  would  he 
rendered  to  the  Association  if  members  of  Committees  would  remember 
that  they  are  severally  responsible  for  the  reports,  and  vronld  do  their  best 
to  make  them  as  short  and  inexpensive  as  is  consistent  with  their  utility. 

In  accordance  with  the  recommendation  that  the  printer's  bill  then 
due  shoidd  be  paid  out  of  Capital,  the  Council  authorised  the  Trustees  to 
sell  an  amount  of  stock  sufficient  for  this  purpose. 
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Dr.  R.  Hertwig,  Munich. 
Dr.  Hildebrand,  Stockholm. 
M.  Henri  Moissan,  Paris. 


REPORT  OF  THE  COUNCIL.  IxxiX 

An  invitation  to  hold  the  Annual  Meeting  of  the  Association  at 
liveipool  in  1896  has  been  received,  and  \vill  be  brought  before  the 
General  Committee  on  Monday  ;  communications  in  reference  to  the 
Meeting  of  the  Association  in  1897  have  been  received  from  Toronto. 

The  Coimcil  recommend  that  the  Mayor  of  Oxford,  Sir  W.  R.  Anson, 
Warden  of  All  Souls'  College,  and  Professor  Sylvester  be  elected  Vice- 
Presidents  of  the  Association. 

The  Council  having  been  informed  that  Mr.  L.  A.  Selby-Bigge,  one 
of  the  Local  Secretaries,  was  obliged  to  resign  his  office,  owing  to  his 
having  accepted  the  appointment  of  Assistant  Charity  Commissioner, 
Mr.  D.  H.  Nagel  was  nominated  Secretary  in  his  place. 

The  Council  have  elected  the  following  Foreign  Men  of  Science 
Corresponding  Members : — 

Prof.  Christian  Bohr,  Copenhagen. 
Prof.  W.  C.  Brogger,  Christiania. 
Prof.  W.  Einthoven,  Leiden. 
Prof.  Heger,  Brossels. 

Resolutions  referred  to  the  Council  for  consideration  and  action  if 
desirable : — 

(1)  That  the  recommendations  regarding  the  times  at  which  the  Sections  and 
Sectional  Committees  shall  meet,  whi^  have  been  received  from  tlie 
Sectional  Conmiittees,  be  referred  to  the  Council. 

The  Council,  having  regard  to  the  fact  that  the  enforcement  of  tlie 
same  hour  of  meeting  for  all  Sections  w^ould  be  contrary  to  the  expressed 
wish  of  some  of  the  Sections,  resolved  that  the  times  of  meeting  of  the 
Sections  and  Committees  be  arranged  by  the  several  Organising  Com- 
mittees, and  be  communicated  to  the  General  Officers  at  least  one  month 
before  the  Annual  Meeting ;  and  that  the  times  so  fixed  be  regularly 
adhered  to  throughout  the  Meeting  on  every  day  except  Thursday  and 
Saturday,  in  respect  of  which  days  the  hours  may  be  settled,  as  at  present, 
by  the  Sectional  Committees.  If  no  such  resolution  be  received  from  an 
Organising  Committee,  the  times  of  meeting  will  be  arranged  as  follows  :—r 
Section  at  11  A.X.,  Committee  at  10  a.m. 

(2)  That  the  resolution  received  from  the  Committees  of  Sections  C  and  G, 
proposing  a  change  in  the  rule  relating  to  the  appointment  of  Committees 
for  special  objects  of  science,  be  referred  to  the  Council. 

The  Council,  having  considered  the  question,  do  not  recommend  any 
change  in  this  rule. 

In  consequence  of  the  establishment  of  a  separate  Section  of 
Physiology,  Animal  and  Vegetable,  it  seemed  likely  that  papers  on 
botanical  subjects  might  be  divided  between  this  Section  and  that  of 
Biology.  The  Council  received  a  communication  from  a  meeting  of 
Botanists,  held  last  November,  pointing  out  the  inconvenience  that  was 
likely  to  arise  from  such  a  division ;  and  they  were  asked  to  appoint  a 
Committee  to  confer  with  a  Committee  of  Botanists,  who  would  represent 
the  views  of  the  meeting.  The  Council,  after  receiving  their  Committee's 
Report,  resolved  to  recommend  to  the  General  Committee  that,  instead 
of  Section  D  and  Section  I  as  at  present  constituted,  there  be  three 
Sections,  namely  Section  D,  Zoology;  Section  I,  Physiology;  and 
Section  K,  Botany 

The  CouncO  also  propose  that  the  word  'Mineralogy'  be  omitted 
from  the  title  of  Section  B,  as  papers  on  Mineralogy  are  read  not  only 
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in  this  Section  but  also  in  the  Physical  Section  and  in  the  Geological 
Section. 

By  a  rule  of  the  Association,  proposals  for  a  change  in  the  titles  of 
Sections  must  be  referred  to  the  Committee  of  Recommendations  for  a 
report.  This  Committee  will  be  able  to  consider  any  representations 
which  may  be  made  to  them  by  the  Committees  of  the  Sections  which 
would  be  affected  by  the  proposed  changes. 

The  Report  of  the  Corresponding  Societies  Committee  for  the  past 
year  has  been  received  and  will  be  presented  to  the  General  Committee. 

It  is  proposed  in  future  to  print  the  account  of  the  Conference  of 
Delegates  in  the  Annual  Report  of  the  same  year  instead  of  in  that 
of  the  following  year.  The  Report  of  the  Oxford  Meeting  will  therefore 
contain  an  account  of  the  proceedings  of  the  Conference  both  at  Nottingham 
and  at  Oxford. 

The  Corresponding  Societies  Committee,  consisting  of  Mr.  Francis 
Oalton,  Professor  R.  Meldola,  Sir  Douglas  Galton,  Sir  Rawson  Rawson, 
Dr.  J.  G.  Garson,  Sir  J.  Evans,  Mr.  J.  Hopkinson,  Mr.  W.  Whitaker, 
Mr.  G.  J.  Symons,  Mr.  W.  Topley,  Professor  T.  G.  Bonney,  Mr.  T.  V. 
Holmes,  Professor  E.  B.  Poulton,  Mr.  Cuthbert  Peek,  and  the  Rev. 
Canon  Tristram,  is  hereby  nominated  for  reappointment  by  the  General 
Committee. 

The  Council  nominate  Professor  Meldola,  F.R.S.,  Chairman,  Mr. 
Cuthbert  E.  Peek,  Vice-Chairman,  and  Mr.  T.  V.  Holmes,  Secretary,  to 
the  Conference  of  Delegates  of  Corresponding  Societies  to  be  held  during 
the  Meeting  at  Oxford. 

In  accordance  with  the  regulations,  the  retiring  Members  of  the 
Council  will  be  : — 


Sir  B.  8.  Ball, 

B.  T.  Glazebrook,  Esq. 

Prof.  A.  H.  Green. 


Prof.  H.  Ridgwick. 
Dr.  H.  Woodward. 


The  Council  recommend  the  re-election  of  the  other  Ordinary 
Members  of  the  Council,  with  the  addition  of  the  gentlemen  whose 
names  are  distinguished  by  an  asterisk  in  the  following  list : — 

Anderson,  Dr.  W.,  F.B.S. 
Ayrton,  Prof.  W.  K.,  F.B.8. 
Baker,  Sir  B.,  K.C.M.G.,  F.B.S. 


Boys,  Prof.  C.  Vernon,  F.B.8. 
Edgeworth,  Prof.  F.  Y.,  M.A. 
Bvans,  Sir  J.,  K.C.B.,  F.B.S. 
♦Foxwell,  Prof.  H.  S.,  M.A. 
•Herdman,  Prof.  W.  A.,  F.B.S. 
Horsley,  Prof.  Victor,  F.B.S. 
*Lanke8ter,  Prof.  E.  Bay,  F.B.S. 
LivelDg,  Prof.  G.  D.,  F.B.S. 
Lodge,  Prof.  Oliver  J.,  F.B.S. 
Uarkham,  Clements  B.,  Esq.,  C.B.,  F.B.S. 


Meldola,  Prof.  B.,  F.B.S. 

Preece,  W.  H.,  Esq.,  C.B.,  F.B.S. 

Bamsay,  Prof.  W.,  F.B.S. 

Beinold,  Prof.  A.  W.,  F.B.S. 

Beynolds,  Prof.  J.  Emerson,  M.D.,  F.B.S. 

Symons,  G.  J.,  Esq.,  F.B.S. 

♦TeaU,  J.  J.  H.,  Esq.,  F.B.S. 

Thomson,  Prof.  J.  J.,  F.B.8. 

Unwin,  Prof.  W.  C,  F.B.S. 

♦Vines,  Prof.  8,  H.,  F.B.S. 

Ward,  Prof.  MarshaU.  F.R.S. 

Whitaker,  W.,  Esq.,  F.B.S. 
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COMMITTEES  APPOINTED  BY  THE  GENERAL  COMMITTEE.        1; 


Committees  appointed  by  the  General  Committee  at  the 
Oxford  Meeting  in  August  1894. 

1.  Receiving  Grants  of  Money, 


Subject  for  loTestigation  or  Purpose 


Makiog  Experiments  for  improv- 
ing the  Constmction  of  Practical 
Standards  for  use  in  Electrical 
Measurements. 


The  Application  of  Photography 
to  the  Elucidation  of  Meteoro- 
logical Phenomena. 


For  Galculating  Tables  of  certain 
Mathematical  Functions,  and, 
if  necessaiy,  for  taking  steps  to 
carry  out  the  Calculations,  and 
to  publish  the  results  in  an 
acoesBible  form. 

[Unexpended  balance  in  hands  of 
Committee.] 

Considering  the  advisability  and 
possibility  of  establishing  in 
other  parts  of  the  country  Ob- 
servations upon  the  Prevalence 
of  Earth  femora  similar  to 
those  now  being  made  in  Dur- 
ham in  connection  with  coal- 
mine explosions. 


Members  of  the  Committee 


Grants 


1894. 


Chairman. — Professor  G.  Carey 
Foster. 

Secretary.^Ur.  R.  T.  Glazebrook. 

Lord  Kelvin,  Professors  W.  E. 
Ayrton,  J.  Perry,  W.  G.  Adams, 
and  Oliver  J.  Lodge,  Lord  Ray- 
leigb,  Dr.  John  Hopkinson,  Dr. 
A.  Muirhead,  Messrs.  W.  H. 
Preece  and  Herbert  Taylor, 
Professors  J.  D.  Everett  and  A. 
Schuster,  Dr.  J.  A.  Fleming, 
Professors  G.  F.  FitzGerald, 
G.  Chrystal,  and  J.  J.  Thomson, 
Mr.  W.  N.  Shaw,  Dr.  J.  T. 
Bottomley,  Rev.  T.  C.  Fiti- 
patrick,  Professor  J.  Yiriamu 
Jones,  Dr.  G.  Johnstone  Stoney, 
Professor  S.  P.  Thompson,  Mr. 
G.  Forbes,  and  Mr.  J.  Rennie. 

Chairman. — Mr.  G.  J.  Symons. 
8eor«ftary.—Ut.  A.  W.  Clayden. 
Professor  R.  Meldola  and  Mr.  John 
Hopkinson. 

Chairman. — Lord  Rayleigh. 
Seoretarv.—VTQleBaox  A.  Lodge. 
Lord  Kelvin,  Professor  A.  Cayley, 

Professor   B.  Price,  Dr.  J.  W. 

L.  Glaisher,    Professor  A.    G. 

Greenhill,  and  Professor  W.  M. 

Hicks. 


CJiairman. — Mr.  G.  J.  Symons. 

Secretary. — Mr.  0.  Davison. 

Sir  F.  J.  Bramwell,  Professor  G.  H. 
Darwin,  Professor  J.  A.  Ewing, 
Mr.  Isaac  Roberts,  Mr.  T.  Gray, 
Sir  J.  Evans,  Professor  J.  Prest- 
wich.  Professor  E.  Hull,  Pro- 
fessor G.  A.  Lebour,  Professor 
R.  Meldola,  Professor  J.  W. 
Judd,  Mr.  M.  Walton  Brown, 
Mr.  J.  Glaisher,  Professor  C. 
G.  Knott,  Professor  J.  H. 
Poynting,  and  Mr.  Horace 
Darwin. 


£     s.d. 
25    0  0 


10    0  0 


75    0  0 
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REPOBT — 1894. 
1.  Receiving  Chants  of  Monsy^^yontmued. 


Subject  for  Investigation  or  Purpose 


Co-operating  with  the  Scottish 
Meteorological  Society  in  making 
Meteorological  Observatioas  on 
Ben  Kevis. 


To  assist  the  Physical  Society  in 
bringing  out  Abstracts  of  Phy- 
sical Papers. 

To  co-operate  with  the  Royal  Corn- 
wall Polytechnic  Society  for  the 
parpose  of  comparing  and  re- 
dadng  the  Magnetic  Observa- 
tions of  Falmouth  Observatory. 

To  confer  with  the  Astronomer 
Royal  and  the  Superintendents 
of  other  Observatories  with  refer- 
ence to  the  Comparison  of  Mag- 
netic Standards  with  a  view  of 
carrying  out  such  comparison. 

To  co-operate  with  Professor  Karl 
Pearson  in  the  Calculation  of 
certain  Integrals. 


To  confer  with  British  and  Foreign 
Societies  publishing  Mathema- 
tical and  Physical  Papers  as  to 
the  desirability  of  securing  uni- 
formity in  the  size  of  the  pages 
of  their  Transactions  and  Pro- 
ceedings. 


Preparing  a  new  Series  of  Wave- 
length Tables  of  the  Spectra  of 
the  Elements. 


The  Action  of  Light  upon  Dyed 
Colours. 


The  Investigation  of  the  direct 
Formation  of  Haloids  from  pure 
Materials. 


Members  of  the  Committee 


Chairman. — Lord  McLaren. 
Secretary. — Professor  Crum  Brown. 
Mr.  John  Murray,  Dr.  A.  Buchan, 

Professor  B.  Copeland,  and  Hon. 

R.  Abercromby. 


Chairman. — Dr.  E.  Atkinson. 
Secretary.  —  Professor     A. 
Rucker. 


W. 


Chairman. — Mr.  Howard  Fox. 
Secretary.— FrofesaoT  W.  G.  Adams. 
Professor  A.  W.  Rucker. 


CJtairman.  —  Professor  A.  W. 
RQcker. 

Secretary.— "M-T.  W.  Watson. 

Professor  A.  Schuster  and  Pro- 
fessor H.  H.  Turner. 


Chairman. — Rev.  Robert  Harley. 
Secretary. — Dr.  A.  R.  Forsyth. 
Dr.  J.  W.  L.  Glaisher,  Professor  A. 
Lodge,  and  Professor  Earl  Pear- 


Cftainaan.—PTotesaoTS.V.  Thomp- 
son. 

Secretary. — Mr.  J.  Swinburne. 

Mr.  G.  H.  Bryan,  Mr.  C.  V.  Burton, 
Mr.  R.  T.  Glazebrook,  Professor 
A.  W.  Rficker,  and  Dr.  G.  John- 
stone Stoney. 


Chairman. — Sir  H.  E.  Rosooe. 
Secretary. — Dr.  Marshall  Watts. 
Mr.  J.  N.  Lockyer,  Professors  J. 

Dewar,    G.     D.     Liveing,     A. 

Schuster,  W.  N.  Hartley,  and 

Wolcott   Gibbs,    and    Captain 

Abney. 

Chairman.— Dr.  T.  E.  Thorpe. 

Secretary. — Professor  J.  J.  Hum- 
mel. 

Dr.  W.  H.  Perkin,  Prof.  W.  J. 
Russell,  Captain  Abney,  Prof.  W. 
Stroud,  and  Prof.  R.  Meldola. 

Chairman. — Professor  H.  E.  Arm- 
strong. 

Secretary. — Mr.  W.  A.  Shenstone. 

Professor  W.  R.  Dunstan  and  Mr. 
C.  H.  Bothamley. 


100    0  0 


50    0  0 


25     0  0 


15    0  0 


0  0 


10    0  0 
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5    0  0 
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COMMITTEES  APPOINTED   BY  THE  GENERAL  COMMITTEE.      Ixxxiii 
1.  Receiving  OranU  of  Jfbn^y— continued. 


Subject  for  InvesligatioD  or  Purpose 


Isomeric  Naphthalene  DeriTatives. 


The  Electrolytic  Methods  of  Quan- 
titatlTe  Analysis. 


JKecording  the  Position,  Height 
above  the  Sea,  Lithological  Cha- 
racters, Size,  and  Origin  of 
the  Erratic  Blocks  of  England, 
Wales,  and  Ireland,  reporting 
other  matters  of  interest  con- 
nected with  the  same,  and  tak- 
ing measures  for  their  preserva- 
tion. 

The  Description  and  Illustration 
of  the  Fossil  Phyllopoda  of  the 
Palaeozoic  Bocks. 


The  Collectioo,  Preservation,  and 
Systematic  Registration  of 
Photographs  of  Geological  In- 
terest. 

[Last  year's  grant  renewed.] 


To  investigate  the  Character  of 
the  High-level  Shell-bearing  de- 
posits at  Clava,  Chapelhall,  and 
other  localities. 


The  Investigation  of  the  Eury- 
pterid-bearing  Deposits  of  the 
Pentland  Hills. 

To  open  further  Sections  in  the 
neighbourhood  of  Stonesfield  in 
order  to  show  the  Relationship 
of  the  'Stonesfield  Slate'  to 
the  underlying  and  Overlying 
Strata. 


67Aairwt«w.— Professor  W.  A.  Tilden. 
Secretary.— 'VrotesaoT  H.  B.  Arm- 
strong. 

Chairman, — Professor  J.  Emerson 
Reynolds. 

Secretary. — Dr.  C.  A.  Eohn. 

Professor  Frankland,  Professor  F. 
Clowes,  Dr.  Hugh  Marshall,  Mr. 
A.  E.  Fletcher,  Mr.  D.  H  Nagel, 
Mr.  T.  Turner,  and  Mr.  J.  B.  Cole- 
man. 

^^irm^iA.— Professor  E.  Hull. 

Secretary.— Mx,  P.  F.  Kendall. 

Professors  W.  Boyd  Dawkins,  T. 
McE.  Hughes,  T.  G.  Bonney,  and 
J.  Prestwich,  Messrs.  C.  E.  De 
Ranoe,  R.  H.  Tiddeman,  J.  W. 
Woodall,  and  Prof.  L.  C.  Miall. 


Chairman.— 'Si^v.  Prof.  T.  Wilt- 
shire. 
Secretary. — Professor  T.  R.  Jones. 
Dr.  H.  Woodward. 

Chairman. — Professor  J.  Geikie. 

Secretary.— ^Ai.  O.  W.  Jeffs. 

Prof.  T.  G.  Bonney,  Prof.  Boyd 
Dawkins,  Professor  T.  McKenny 
Hughes,  Dr.  V.  Ball.  Dr.  T. 
Anderson,  and  Messrs.  A.  S. 
Reid,  E.  J.  Garwood,  W.  Gray, 
H.  B.  Woodward,  J.E.  Bedford, 
R.  Kidston,  W.  W.  Watte.  R.  H. 
Tiddeman.  J.  J.  H.  Teall,  and 
J.  G.  Goodchild. 

Chairman. — Mr.  J.  Home. 
Secretary. — Mr.  Dugald  Bell. 
Messrs.  J.  Fraser,  P.  F.  Kendall. 

T.    F.    Jamieson,    and    David  t 

Robertson. 

Chairman.~-X>t.  R.  H.  Traquak. 
Secretary. — Mr.  M.  Laurie. 
Professor  T.  Rupert  Jones. 

CIuUrman.—}lT.  H.  B.Woodward. 
Seeretary.—Mx.  E.  A.  Walford. 
Professor  A.  H.  Green,  Dr.    H. 
Woodward,  and  Mr,  J.  Windoes. 


40    0  0 


10    0  0 


6    00 


10    0  0 


10    0  0 


3    00 


50    0  0 
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Ixxxiv 


REPORT — 1894. 


1.  Ileceiving  OranU  of  Money— couiiiraiQd. 


Subject  for  Investigation  or  Purpose 


To  explore  the  Calf- Hole  Cave,  at 
the  Heights,  Skyrethorne,  near 
Skipton. 


To  consider  a  project  for  investi- 
g:ating  the  Structure  of  a  Coral 
Beef  by  Boring  and  Sounding. 


To  investigate  the  nature  and  pro- 
bable age  of  the  High-level 
Flint-drift  in  the  Face  of  the 
Chalk  Escarpment  near  Igh- 
tham,  which  appears  to  be  pro- 
ductive of  Flakes  and  other 
Forms  of  Flint,  probably 
wrought  by  the  hand  of  Man. 

To  examine  the  ground  from  which 
the  remains  of  CfitwsauruJi  in 
the  Oxford  Museum  were  ob- 
tained, with  a  view  to  deter- 
mining whether  other  parts  of 
the  same  animal  remain  in  the 
rock. 

To  appoint  Mr.  M.  D.  Hill  to  inves- 
tigate the  Fertilisation  of  the 
Eggs  of  Echinoderms,  Molluscs, 
and  Annelids,  or,  failing  this,  to 
appoint  some  other  competent 
investigator  to  carry  on  a  dftfi- 
nite  piece  of  work  at  the  Zoo- 
logical Station  at  Naples. 

To  enable  Mr.  Edgar  Allen  or 
other  zoologist  to  investigate 
the  Decapod  Crustacea,  and  Mr. 
J.  J.  Lister  to  work  at  Fora- 
minifera,  at  the  Laboratory  of 
the  Marine  Biological  Associa- 
tion, Plymouth. 

[10/.  renewed.] 


Members  of  the  Committee 


CJiairman. — Mr.  R.  H.  Tiddeman. 

Secretary. — Bev.  E.  Jones. 

Professor  W.  Boyd  Dawkins.  Pro- 
fessor L.  C.  Miall,  Mr.  P.  F. 
Kendall,  Mr.  A.  Birtwhistle, 
and  Mr.  J.  J.  Wilkinson. 

C//flir»ia?t.— Professor  T.  G.  Bon- 
ney. 

Scoretarp.^FrofessoT'W.  J.  Sollas. 

Sir  Archibald  Geikie,  Professors 
A.  H.  Green,  J.  W.  Judd,  C. 
Lapworth,  A.  C.  Haddon,  Boyd 
Dawkins,  G.  H.  Darwin,  S.  J. 
Hickson,  and  A.  Stewart,  Cap- 
tain W.  J.  L.  Wharton,  Drs.  H. 
Hicks,  J.  Murray,  W.  T.  Blan- 
ford,  Le  Neve  Foster,  and  H.  B. 
Guppy,  Messrs.  F.  Darwin,  H. 
O.  Forbes,  G.  C.  Bourne,  A.  R. 
Binnie.  J.  W.  Gregory,  and 
J.  C.  Hawkshaw,  and  Hon.  P. 
Fawcett. 

Cltairman.^Sir  John  Evans. 
St'cret^ry^—Mr,  B.  Harrison. 
Professor  J.  Prestwich  and  Pro- 
fessor H.  G.  Seeley. 


Chairman.— FrofessoT  A.  H.  Green. 
Secretary. — Mr.  James  Parker. 
Earl  of  Ducie,  Professor  B.  Ray 

Lankester,  and  Professor  H.  G. 

Seeley. 


Chairman.— Dr.  P.  L.  Sclater. 

Secretary. — Mr.  Percy  Sladen. 

Professor  E.  Ray  Lankester,  Pro- 
fessor J.  Cossar  Ewart,  Pro- 
fessor M.  Foster,  Professor  S.  J. 
Hickson,  and  Mr.  A.  Sedgwick. 


Cliairm4in.—yiT.  G.  C.  Bourne. 
Secretary.  —  Professor    E,     Ray 

Lankester. 
Professor  M.  Foster  and  Professor 

S.  H.  Vines. 


10    0  0- 


10  0  a 


20    0  0 


100    0  0 
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COMMITTEES  APPOINTED  BY   THE   GENERAL   COMMITTEE.       IxxXV 
1.  Receiving  Granti  tf  Money^continued. 


Subject  for  Investigation  or  Purpose 


The  Zoology,  Botany,  and  Geology 

of  the  Irish  Sea. 
[4Z.  10*.  Sd.  renewed.] 


To  report  on  the  present  state  of 
our  Knowledge  of  the  Zoology 
and  Botany  of  the  West  India 
Islands,  and  to  take  steps  to  in- 
vestigate ascertained  deficien- 
cies in  the  Fauna  and  Flora. 

Compilation  of  an  Index  Generam 
et  Specierum  AnimaUam. 


Climatology  of  Tropical  Africa. 


Exploration       of       Hadramout, 
Arabia. 


To  report  on  methods  of  Calibrat- 
ing the  measuring  instruments 
used  in  Engineering  Laborato- 
ries, and  to  take  steps  for  Com- 
paring the  Measuring  Instru- 
ments at  present  in  use  in  dif- 
ferent laboratories. 

To  organise  an  Ethnographical 
Survey  of  the  United  Kingdom. 


The  Lake  Village  at  Glastonbury. 


Chairfnan.—PvotessoT  W.  A.  Herd- 
man. 

Secretary. — Mr.  I.  C.  Thompson. 

Professor  A.  C.  Haddon,  Professor 
G.  B.  Howes,  Mr.  W.  E.  Hoyle, 
Mr.  A.  O.  Walker,  Bf  r.  Clement 
Reid,and  Professor  F.  E.  Weiss. 

Chairman. — Dr.  P.  L.  Sclater. 

Secretary. — Mr.  G.  Murray. 

Mr.  W.  Camithers,  Dr.  A.  C.  Gun- 
ther,  Dr.  D.  Sharp,  Mr.  F.  Du 
Cane  Godman,  and  Professor  A. 
Kewton. 

Chairjuan. — Sir  W.  H.  Flower. 
Secretarp. --Mr.  W.  L.  Sclater. 
Dr.  P.  L.  Sclater  and  Dr.  H.  Wood- 
ward. 

Cliairman. — Mr.  E.  G.  Bavenstein. 
Secretary.— Dr.  H.  R.  Mill. 
Mr.  G.  J.  Symons,   Mr.  Baldwin 
Latham,  and  Mr.  H.  N.  Dickson. 

Chairman.— yiT.  H.  Seebohm. 
Secretary.— Mr.  J.  Theodore  Bent. 
Mr.  E.  G.  Bavenstein,  Dr.  J.  G. 
Garson,  and  Mr.  G.  W.  Bloxam. 

Chairman. — Professor  A.  B.  W. 

Kennedy. 
Secretary.— Fiotesaor  W.  C.  Unwin. 


Cliairman. — Mr.  E.  W.  Brabrook. 

Secretary. — Mr.  E.  Sidney  Hart- 
land. 

Mr.  Francis  Galtcn,  Dr.  J.  G. 
Garson,  Professor  A.  C.  Haddon, 
Dr.  Joseph  Anderson,  Mr.  J. 
Komilly  Allen,  Dr.  J.  Beddoe, 
Professor  D.  J.  Cunningham, 
Professor  W.  Boyd  Dawkins, 
Mr.  Arthur  J.  Evans,  Sir  H. 
Howorth,  Professor  R.  Meldola, 
General  Pitt-Rivers,  and  Mr. 
E.  G.  Ravenstein. 

Clmirman. — Dr.  R.  Munro. 

Secretary. — Mr.  A.  BuUeid. 

Professor  W.  Boyd  Dawkins,  Gen- 
eral Pitt-Rivers,  and  Sir  John 
Evans. 


X 
40 
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Ixxxvi 


REPORT — 1894. 


1.  Beceiring  Grant i  cf  Money — continued. 


Subject  for  Investigation  or  Purpose 

Members  of  the  Committee 

Grants 

Anthropometric  Measurements  in 

Chairman, — Professor  A.  Macalis- 

£    a.  d. 
6    0  0 

Schools. 

ter. 
&cr^arj/.— Professor  B.  Windle. 
Mr.  E.  W.  Brabrook,  Professor  J. 

Cleland,  and  Dr.  J.  Q.  Garson. 

;  An   ancient    Kitchen-midden   at 

Chaimuin.—fixT  John  Evans. 

10    0  0 

Hastings  already  partially  ex- 

Secretary,—Ut,  W.  J.  Lewis  Ab- 

amined, and  a  Settlement  called 

bott. 

the  Wildemesse. 

Professor  Prestwich,  Mr.  Cuthbert 
Peek,  and  Mr.  Arthur  J.  Evans. 

To  carry  out  an  investigation  on 

^Atftr»ifl».— Professor  J.  G.  Mc- 

25    0  0 

the  Physiological  Applications 

Kendrick. 

of  the  Phonograph,  and  on  the 

Secretary,— VioieBsot  O.  G.  Mur- 

troe form  of  the  voice  corves 

ray. 

made  by  the  instrument. 

Mr.  David  S.  Wingate  and  Mr.  John 
S.  McKendrick. 

Ck)rre8ponding    Societies      Com- 

C^^airwian.—Professor  R.  Meldola. 

30    0  0 

mittee. 

Secretary.— Ux,  T.  V.  Holmes. 
Mr.  Francis  Galton,  Sir  Douglas 

Galton,  Sir  Rawson  Rawson,  Mr. 

G.  J.  Symons,  Dr.  J.  G.  Garson, 

Sir  John  Evans,  Mr.  J.  Hopkin- 

son,  Professor  T.  G.  Bonney,  Mr. 

W.  Whitaker.  Mr.  W.  Topley. 

Professor  E.  B.   Poulton,    Mr. 

Cuthbert  Peek,  and  Rev.  Canon 

H.  B.  Tristram. 

2.  Not  receiving  Orants  of  Money, 


Subject  for  Investigation  or  Purpose 


Considering  the  best  Methods  of  Record- 
ing the  Direct  Intensity  of  Solar  Ra- 
diation. 


The  Volcanic  and  Seismological  Phe- 
nomena of  Japan. 


Comparing  and  Reducing  Magnetic  Ob- 
servations. 


Members  of  the  Committee 


CIiairman.^SiT  G.  G.  Stokes. 
Secretary. — Professor  H.  McLeod. 
Professor  A.  Schuster,  Mr.  G.  Johnstone 

Stoney,  Sir  H.  E.  Roscoe,  Captain  W. 

de  W.  Abney,  Mr.  C.  Chree,  Mr.  G.  J. 

Symons,  and  Mr.  W.  E.  Wilson. 

Chairman, — Lord  Kelvin. 

Secretary. — Professor  J.  Milne. 

Professor  W.  G.  Adams,  Mr.  J.  T.  Bottom- 
ley,  Professor  A.  H.  Green,  and  Profes- 
sor C.  G.  Knott. 

Chairman. — Professor  W.  G.  Adams. 

Secretary. — Mr.  C.  Chree. 

Lord  Kelvin,  Professor  G.  H.  Darwin, 
Professor  G.  Chrystal,  Mr.  C.  H.  Carp- 
mael.  Professor  A.  Schuster,  Captain 
E.  W.  Creak,  the  Astronomer  Royal, 
Mr.  William  Ellis,  and  Professor  A. 
W.  Riicker. 
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COMMITTEES  APPOINTED   BY  THE   GENERAL  COMMirTEE.    Ixxxvii 
2.  Nat  receiving  GranUcf  Money — continned. 


Subject  for  Investigation  or  Purpose 


The  Collection  and  Identification  of 
Meteoric  Dust. 


The  Bate  of  Increase  of  Underground 
Temperature  downwards  in  various 
Localities  of  dry  Land  and  under 
Water. 


That  Mr.  W.  N.  Shaw  and  the  Rev.  T. 
C.  Fitzpatrick  be  requested  to  con- 
tinue their  Report  on  the  present  state 
of  onr  Knowledge  in  Electrolysis  and 
Electro-chemistry. 

That  Mr.  John  Brill  be  requested  to 
draw  up  a  Report  on  Non-commuta- 
tive Algebras. 

The  Properties  of  Solutions «        •        • 


Reporting  on  the  Bibliography  of  Solu- 
tion. 


The  Continuation  of  the  Bibliography 
of  Spectroscopy. 


The  Action  of  Light  on  the  Hydracids 
of  the  Halogens  in  presence  of 
Oxygen. 


To  inquire  into  the  Proximate  Chemical 
Constituents  of  the  various  kinds  of 
Coal. 


Members  of  the  Committee 


Chairman, — Mr.  John  Murray. 
Secretary. — Mr.  John  Murray. 
Professor  A.  Schuster,  Lord  Kelvin,  the 

Abb6  Renard,  Dr.  A.  Buchan,  the  Hon. 

R.  Abercromby,  Dr.  M.  Grabham,  and 

Mr.  John  Aitken. 

Chairman. — Professor  J.  D.  Everett. 

Seoretoflry, — Professor  J.  D.  Everett. 

Professor  Lord  Kelvin,  Mr.  G.  J.  Symons, 
Sir  A.  Geikle,  Mr.  J.  Glaisher,  Professor 
Edward  Hull,  Professor  J.  Prestwicb, 
Dr.  C.  Le  Neve  Foster,  Professor  A.  8. 
Herschel,  Professor  G.  A.  Lebour,  Mr. 
A.  B.  Wyone,  Mr.  W.  Galloway,  Mr. 
Joseph  Dickinson,  Mr.  G.  F.  Deacon, 
Mr.  E.  Wethered,  Mr.  A.  Strahan,  and 
Professor  Michie  Smith. 


Chairman. — Professor  W.  A.  Tilden. 
Secretary.— Dt.  W.  W.  J.  Nicol. 
Professor  W.  Ramsay. 

Chairman. — Professor  W.  A.  Tilden. 

Secretary.— J>T.  W.  W.  J.  Nicol. 

Professor  H.  McLeod,  Mr.  S.  U.  Picker- 
ing, Professor  W.  Ramsay,  and  Profes- 
sor S.  Young. 


Chairman.—lBtoteaaoi  H.  McLeod. 
Secretary. — Professor  Roberts-Austen. 
Mr.  H.  G.  Madan  and  Mr.  D.  H.  Nagel. 


Chavrman.^Br.  W.  J.  Russell. 
Secretary. — Dr.  A.  Richardson. 
Captain  Abney,  Professor  W.  Noel  Hart- 
ley and  Professor  W.  Ramsay. 

Chairman.— ^\i  I.  Lowthian  Bell. 
Secretary.— "ProieaaoT  P.Phillips  Bedson. 
Professor  F.  Clowes,  Mr.  Ludwig  Mond, 

Professors  Vivian  B.  Lewes  and  B. 

Hull,  and  Messrs.  J.  W.  Thomas  and 

H.  Bauerman. 
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Ixrxviii  report — 1894. 

2.  Not  reeeiving  Orantt  of  Money — continued. 


Subject  for  Investigation  or  PorpoM 


To  report  on  recent  Inqnirios  into  the 
History  of  Chemistry. 

The  Teaching  of   Natural  Science  in 
Elementary  Schools. 


The  Rate  of  Erosion  of  the  Sea-coasts  of 
England  and  Wales,  and  the  Influence 
of  the  Artificial  Abstraction  of 
Shingle  or  other  material  in  that 
action. 


The  Volcanic  Phenomena  of  Vesuvius 
and  its  neighbourhood. 


To  consider  the  best  Methods  for  the 
Registration  of  all  Type  Specimens 
of  Fossils  in  the  British  Isles,  and 
to  report  on  the  same. 

The  Circulation  of  the  Underground 
Waters  in  the  Permeable  Formations 
of  England,  and  the  Quality  and 
Quantity  of  the  Waters  supplied  to 
various  Towns  and  Districts  from 
these  Formations.  And  that  a  Digest 
of  the  eighteen  Reports  should  be 
prepared  by  the  Committee,  and  sold 
in  a  separate  form. 

To  report  on  the  present  state  of  our 
Ejiowledge  of  the  Zoology  of  the 
Sandwich  Islands,  and  to  take  steps 
to  investigate  ascertained  deficiencies 
in  the  Fauna,  with  power  to  co-operate 
with  the  Committee  appointed  for  the 
purpose  by  the  Royal  Society,  and  to 
avail  themselves  of  such  assistance  in 
their  investigations  as  may  be  offered 
by  the  Hawaiian  Government. 

To  make  a  Digest  of  the  Observations  on 
the  Migration  of  Birds  at  Lighthouses 
and  Light-vessels. 


Members  of  the  Committee 


Chairman. — Professor  H.  £.  Armstrong. 
Secretary. — Professor  John  Ferguson. 

CJiairman. — Dr.  J.  H.  Gladstone. 

Secretary. — Professor  H.  B.  Armstrong. 

Mr.  George  Gladstone,  Professor  W.  R. 
Dunstan,  Sir  J.  Lubbock,  Sir  Philip 
Magnus,  Sir  H.  E.  Roscoe,  and  Dr. 
SUvanus  P.  Thompson. 

Chairman. — Mr.  W.  'Whitaker. 

Secretaries.^'^essTs.  C.  E.  De  Ranee  and 
W.  Topley. 

Messrs.  J.  B.  Redman  and  J.  W.  Woodall, 
Maj.-Gen.  Sir  A.  Clarke,  Admiral  Sir  E. 
Ommanney,  Capt.  Sir  G.  Nares,  Capt. 
J.  Parsons,  Capt.  AV.  J.  L.  Wharton, 
Professor  J.  Prestwich,  Mr.  Edward 
Easton,  Mr.  J.  S.  Valentine,  and  Pro- 
fessor L.  F.  Vernon  Harcourt. 

Chairman. — Mr.  H.  Bauerman. 
Secretary. — Dr.  H.  J.  Johnston-Lavis. 
Messrs.  F.  W.  Rudler  and  J.  J.  H.  Teall. 

Chairman. — Dr.  H.  Woodward. 
Secretary. — Mr.  A.  Smith  Woodward. 
Rev.  G.  F.  AVhidbome,  Mr.  R.  Eidston, 
and  Mr.  J.  E.  Marr. 

Chairman. — Professor  E.  Hull. 

Secretary. — Mr.  C.  E.  De  Ranee. 

Sir  D.  Galton,  Professor  J.  Prestwich, 
and  Messrs.  J.  Glaisher,  P.  F.  Kendall, 
E.  B.  Marten,  G.  H.  Morton,  I.  Roberts, 
T.  8.  Stooke,  G.  J.  Symons,  W.  Topley, 
C.  Tylden- Wright,  E.  Wethered,  and 
W.  Whitaker. 


Chairmaai. — Professor  A.  Newton. 

Seoreta/ry. — Dr.  David  Sharp. 

Dr.  W.  T.  Blanford,  Professor  S.  J. 
Hickson,  Professor  Riley,  Mr.  O.  Sal- 
vin,  Dr.  P.  L.  Sclater,  and  Mr.  Edgar  A. 
Smith. 


Chairman. — Professor  A.  Newton. 

Secretary. — Mr.  John  Cordeauz. 

Mr.  John  A.  Harvie- Brown,  Mr.  R.  M. 

Barrington,  Mr.  W.  E.  Clarke,  and  Rev. 

E.  P.  Knubley. 


Digitized  by  VjOOQIC 


COMMITTEES  APPOINTED  BY  THE  GENERAL  COMMITFEE.       Ixxziz 
2.  Not  reeeimnff  ChttnU  qf  ifim^— continued. 


Subject  for  Investigation  or  Purpose 


Members  of  tbe  Committee 


The  Collection  of  Facts'  and  Statistics 
bearing  on  the  following  Questions : — 

1.  The  influence  of  previous  ferti- 

lisation of  the  female  on  her 
subsequent  offspring. 

2.  The  effect  of  maternal  impres- 

sions during  preg^nancy  on  the 

offspring. 
The  Committee  are  authorised  to 
communicate  with  the  Councils  of  the 
British  Medical  Society,  the  Royal 
Agricultural  Society,  the  Highland 
Ag^cultural  Society,  and  the  Royal 
Dublin  Society,  with  the  view  to  joint 
work. 

For  carrying  on  the  Work  of  the  An- 
thropometric Laboratory. 


Tlie  Prehistoric  and  Ancient  Remains 
^f  Glamorganshire. 


The  Physical  Characters,  Languages, 
and  Industrial  and  Social  Condition 
of  the  North- Western  Tribes  of  the 
Dominion  of  Canada. 

To  oo-operate  with  the  Committee  ap- 
pointed by  the  International  Congress 
of  Hygiene  and  Demography  in  the 
investigation  of  the  Mental  and  Phy- 
sical Condition  of  Children. 


Chairman.—Dt.  A.  Russel  Wallace. 
Secretary. — Dr.  James  Clark. 
Professor  S.  J.  Hiokson,   Professor  F. 
Jeffrey  Bell,  and  Dr.  J.  N.  Langley. 


Chairman,— Sir  W.  H.  Flower. 
Secretary. — Dr.  J.  G.  Garson. 
Dr.  Wilberforce  Smith,  Professor  A.  C. 
Haddon,  and  Professor  B.  C.  A.  Windle. 

Chaimum.—T)T.  C.  T.  Vachell. 

Secretary. — Mr.  B.  Seward. 

Lord  Bute,  Messrs.  G.  T.  Clark,  R,  W. 
Atkinson,  Franklen  G.  Evans,  James 
Bell,  and  T.  H.  Thomas,  and  Dr.  J. 
G.  Garson. 

Chairman,— Bt.  B,  B.  Tylor. 
Secretary.— 'Mx.  Cuthbert  B.  Peek. 
Dr.  G.  M.  Dawson,  Mr.  R.  G.  Haliburton, 
and  Mr.  H.  Hale. 

C7uiirman.—QiT  Douglas  Galton. 
Secretary. — Dr.  Francis  Warner. 
Mr.  B.  W.  Brabrook,  Dr.  J.  G.  Garson, 
and  Dr.  W.  Wilberforce  Smith. 


Communications  ordered  to  he  printed  in  extenso. 

Dr.  S.  P.  Langley's  paper  on  '  Recent  Researches  in  the  Infra-red  Spectram.' 

Professor  G.  Quincke's  paper  on  the  *  Formation  of  Soap-bubbles  by  the  Contact 
of  Alkaline  Oleates  with  Water.' 

Professor  W.  FSrster's  paper  on  the  '  Displacements  of  the  Rotational  Axis  of  the 
Earth.' 

Professor  A.  Cornu's  paper  on  a  '  Lecture-room  Experiment  to  illustrate  Fresnel's 
Diffraction  Theory,  Babiners  Principle.' 

Professor  J.  J.  Thomson's  paper  on  the  *  Connection  between  Chemical  Combi« 
nation  and  the  Discharge  of  Electricity  through  Gases.' 
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Mr.  H.  Brereton  Baker's  paper  on  the '  Electriiication  of  Molecules  and  Chemical 
Change.* 

Professor  0.  Henrici's  report  on  Planimeters. 

Sir  Andrew  Noble's  paper  on  '  Methods  that  have  been  adopted  for  Measuring 
Pressures  in  the  Bores  of  Guns.'  * 


Resolutions  relating  to  the  Constitution  aiid  Titles  of  Sections. 

That  the  title  of  Section  B  in  future  be  •  Chemistry.* 

That  the  title  of  Section  D  be  *  Zoology/ 

That  a  separate  Section  of  Botany  be  established. 

That  the  title  of  Section  I  be  *  Physiology,  including  Experimental  Pathology  and 
Experimental  Psychology.' 

That  Section  I  be  next  constituted  independently  for  the  Liverpool  Meeting  in 
1896. 

Resolutions  re/erred  to  the  Council  for  considercUion^  and  action 

if  desirable. 

That  the  Council  of  the  Association  be  requested  to  give  their  full  support  to  the 
efforts  being  made  to  induce  the  Government  to  send  out  a  fully-equipped  expedition 
for  the  exploration  of  the  Antarctic  and  Southern  Seas. 

That  the  Council  be  requested  to  call  the  attention  of  the  Civil  Service  Commis- 
sioners to  the  report  of  a  Committee  of  Section  F  on  the  Methodt  ofEconomie  Train- 
ing,  and  especially  to  the  recommendations  (contained  on  page  2)  with  regard  to 
the  position  of  Economics  in  the  Civil  Service  Examinations. 
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Si/nopsis  of  Grants  of  Money  appropriated  to  Scientific  Purposes  by  the 

Oeneral  Committee  at  the  Oxford  Meeting^  August  1 894.  The  Names 
of  the  Members  entitled  to  call  on  the  General  Treasurer  for  the 
respective  Grants  are  prefi^ased. 

Mathematics  and  Physics, 

£  s.  d. 

•Poster,  Professor  Carey — Electrical  Standards 25  0  0 

•Symons,   Mr.   G.  J. — Photographs  of  Meteorological  Phe- 
nomena      10  0  0 

•Rajleigh,  Lord — Mathematical  Tables  (unexpended  balance)  — 

•Symons,  Mr.  G.  J.— Earth  Tremors    75  0  0 

*McLaren,  Lord — Meteorological  Observations  on  Ben  Kevis    50  0  0 

Atkinson,  Dr.  E.— Abstracts  of  Physical  Papers    1 00  0  0 

Fox,  Mr.  Howard — Reduction  of  Magnetic  Observations  made 

at  Falmouth  Observatory  50  0  0 

Riicker,  Professor  A.  W.-— Comparison  of  Magnetic  Standards     25  0  0 

Harley,  Rev.  R. — Calculation  of  Certain  Integrals    15  0  0 

Thompson,  Professor  S.  P. — Uniformity  of  Size  of  Pages  of 

Transactions,  &c 5  0  0 

Chemistry, 

*Bo60oe,  Sir  H.  E.— Wave-length  Tables  of  the  Spectra  of 

theElements 10  0  0 

♦Thorpe,  Dr.  T.  E.— Action  of  Light  upon  Dyed  Colours 5  0  0 

♦Armstrong,  Professor  H.  E. — Formation  of  Haloids  from 

Pure  Materials 20  0  0 

•Tilden,  Professor  W.  A. — Isomeric  Naphthalene  Derivatives     30  0  0 

♦Reynolds,  Professor  J.  E. — Electrolytic  Quantitative  Analysis     40  0  0 

Geology, 

♦Hull,  Professor  K— Erratic  Blocks     10  0  0 

♦Wiltshire,  Professor  T.— Palaeozoic  Phyllopoda 5  0  0 

♦Geikie,  Professor  J. — Photographs    of  Geological  Interest 

(renewed) 10  0  0 

♦Home,  Mr.  J. — Shell- bearing  Deposits  at  Clava,  &c 10  0  0 

♦Traquair,  Dr.  R.  H.— Eurypterids  of  the  Pentland  Hills    ...       3  0  0 

♦Woodward,  Mr.  H.  B.—New  Sections  of  Stonesfield  Slate  ...     50  0  0 

♦Tiddeman,  Mr.  R.  H.— Exploration  of  Calf-Hole  Cave   10  0  0 

•Bonney,  Professor  T.  G. — Investigation  of  a  Coral  Reef  by 

Boring  and  Sounding 10  0  0 

Evans,  Sir  John — Nature  and  Probable  Age  of  High-level 

Flint-drifts  10  0  0 

Green,  Professor  A.  H. — Examination  of  Localitv  where  the 

Cetiosaurus  in  the  Oxford  Museum  was  found    . . .,. 20  0  0 

Carried  forward ^£598  0  0 

*  Beappointed. 
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£      8.    d. 
Brought  forward 598     0     0 

Biology. 

^Sclater,  Dr.  P.  L. — Investigations  at  the  Zoological  Station, 

Naples  100    0    0 

*Boume,  Mr.  G.  C. — Investigations  at  the  Biological  Labora- 
tory, Plymouth  (lOZ.  renewed)  20    0    0 

*Herdman,  Professor  W.  A. — Zoology,  Botany,  and  Geology 

of  the  Irish  Sea  (partly  renewed) 40    0     0 

♦Sclater,  Dr.  P.  L. — Zoology  and  Botany  of  the  West  India 

Islands 50     0     0 

*Flower,  Sir  "W.  H. — Index  of  Genera  and  Species  of  Animals     50    0    0 

Geography, 

*Ravenstein,  Mr.  E.  G. — Climatology  of  Tropical  Africa 5     0    0 

*Seebohm,  Mr.  H. — Exploration  of  Hadramout 50    0     0 

Mechanical  Science. 

Kennedy,  Professor  A.  B.  W. — Calibration  and  Comparison 

of  Measuring  Instruments 50     0     0 

Anthropology. 

♦Brabrook,  Mr.  E.  W.— Ethnographical  Survey 30  0  0 

♦Munro,  Dr.  R.— Lake  Village  at  Glastonbury  30  0  0 

♦Macalister,  Professor  A. — Anthropometric  Measurements  in 

Schools 5  0  0 

Evans,  Sir  J. — Exploration  of  a  Kitchen -midden  at  Hastings  10  0  0 

Physiology. 

McKendrick,  Professor  J.  G. — Physiological  Applications  of 

the  Phonograph   25     0    0 

'•Meldola,  Professor  R. — Corresponding  Societies   30    0    0 

il,093    0    0 


• 


Reappointed. 


Tlie  Annual  Meeting  in  1895. 
The  Meeting  at  Ipswich  will  commence  on  Wednesday,  September  11. 

The  Annual  Meeting  in  1896. 

The  Annual  Meeting  of  the  Association  in  1896  will  be  held  at 
Liverpool. 
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Oeneral  Statement  of  Sums  which  have  been  paid  on  account  of 
Gh^anta  for  Scientific  Purposes. 


£    9,   d. 


1834. 


Tide  Discussions   20    0    0 


1835. 

Tide  DiBCussions   62  0  0 

British  FossU  Ichthyology  ...  105  0  0 

±.167  u  0 


1836. 

Tide  DiscuMions    163  0    0 

British  Fossil  Ichthyology  ...  105  0    0 
Thermometric    Observations, 

&c 50  0    0 

Experiments    on    Long-con- 
tinued Heat    17  1 

Bain-ganges  9  13 

Befraction  Experiments  15  0 

Lunar  Nutation 60  0 

Thermometers   15  6 


£435    0    0 


1837. 

Tide  Discussions   284  1  0 

Chemical  Oonstants 24  13  6 

Lunar  Nutation 70  0  0 

Obserrations  on  Waves    100  12  0 

Tides  at  Bristol 150  0  0 

Meteorology   and     Subterra- 
nean Temperature 93  3  0 

Vitrification  Experiments    ...  150  0  0 

Heart  Experiments  8  4  6 

Barometric  Observations 30  0  0 

Barometers 11  18  6 

£922  12  6 


1838. 

Tide  Discussions    29  0  0 

British  Fossil  Fishes 100  0  0 

Meteorological  Observations 
and  Anemometer  (construc- 
tion)      100  0  0 

Cast  Iron  (Strength  of )    60  0  0 

Animal  and  Vegetable  Sub- 
stances (Preservation  of) ...     19  110 

Railway  Constants    41  12  10 

Bristol  Tides 60  0  0 

Growth  of  Plants  75  0  0 

Mud  in  Rivers    3  6  6 

Education  Committee  60  0  0 

Heart  Experiments  5  3  0 

Land  and  Sea  Level 267  8  7 

Steam-vessels 100  0  0 

Meteorological  Committee  ...    31  9  6 

^1932  2  2 


1839. 

Fossil  Ichthyology    

Meteorological  Observations 
at  Plymouth,  &c 

Mechanism  of  Waves  

Bristol  Tides 

Meteorology  and  Subterra- 
nean Temperature 

Vitrification  Experiments   ... 

Cast-  iron  Experiments 

Railway  Constants    

Land  and  Sea  Level 

Steam- vessels'  Engines     

Stars  in  Histoire  Celeste 

Stars  in  Lacaille   

Stars  in  R.A.S.  Catalogue    ... 

Animal  Secretions 

Steam  Engines  in  Cornwall... 

Atmospheric  Air    

Cast  and  Wrought  Iron    

Heat  on  Organic  Bodies  

Gases  on  Solar  Spectrum 

Hourly  Meteorological  Ob- 
servations, Inverness  and 
Kingussie    

Fossil  Repti)«s  

Mining  Statistics  


£    t. 

d. 

110  0 

0 

63  10 

O 

144  2 

0 

35  18 

& 

21  11 

0 

9  4 

0- 

103  0 

7 

28  7 

O 

274  1 

2 

100  0 

4 

171  18 

0 

11  0 

S 

166  16 

0 

10  10 

e 

50  0 

0 

16  1 

0 

40  0 

o 

3  0 

0 

22  0 

o 

49  7 

8 

118  2 

» 

50  0 

0 

£1595  11     O 


1840. 

Bristol  Tides  

Subterranean  Temperature  ... 

Heart  Experiments  

Lungs  Experiments  

Tide  Discussions   

Land  and  Sea  Level 

Stars  (Histoire  Celeste)   

Stars  (Lacaille) 

Stars  (Catalogue) 

Atmospheric  Air    

Water  on  Iron    

Heat  on  Organic  Bodies  

Meteorological  Observations . 

Foreign  Scientific  Memoirs... 

Working  Population 

School  Statistics    

Forms  of  Vessels  

Chemical  and  Electrical  Phe- 
nomena     

Meteorological  Observations 
at  Plymouth  

Magnetical  Observations 


100  0 

a 

13  13 

6 

18  19 

0 

8  13 

0 

60  0 

0 

6  11 

1 

242  10 

(> 

4  15 

0 

264  0 

0 

15  15 

0 

10  0 

0 

7  0 

0 

52  17 

c> 

112  1 

<; 

100  0 

a 

50  0 

a 

184  7 

0 

40    0    0 

80    0    0 
185  13     i» 


£1546  16     4 
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1841. 

£  t.  d. 

Observations  on  Waves    30    0  0 

Meteorology   and     Sabterrs- 

nean  Temperature 8  8  0 

Actinometers 10  0  0 

Earthquake  IShocks   17  7  0 

Acrid  Poisons 6  0  0 

Veins  and  Absorbents  3  0  0 

Mud  in  Rivers    5  0  0 

Marine  Zoology 15  12  8 

Skeleton  Maps   20  0  0 

Mountain  Barometers  6  18  6 

Stars  (Histoire  C61este)    185  0  0 

Stars  (Lacaille) 79  5  0 

Stars  (Nomenclature  of ) 17  19  6 

Stars  (Catalogue  of) 40  0  0 

Water  on  Iron    50  0  0 

Meteorological    Observations 

at  Inverness  20  0  0 

Meteorological    Observations 

(reduction  of )    25  0  0 

Fossil  Reptiles  50  0  0 

Foreign  Memoirs  62  0  6 

Railway  Sections  38  1  0 

Forms  of  Vessels  193  12  0 

Meteorological    Observations 

at  Plymouth   55  0  0 

Magnetical  Observations 6118  8 

Fishes  of  the  Old  Red  Sand- 
stone      100  0  0 

Tides  at  Lcith    60  0  0 

Anemometer  at  Edinburgh...  69  1  10 

Tabulating  Observations 9  6  3 

Races  of  Men 5  0  0 

Radiate  Animals   2  0  0 

£1235  10  11 


1842. 
Dynamometric  Instruments. .  113 

Anoplura  Britanniac 52 

Tides  at  Bristol 59 

Gaseson  Light  30 

Chronometers 26 

Marine  Zoology 1 

British  Fossil  Mammalia 100 

Statistics  of  Education 20 

Marine    Steam-vessels'     En- 
gines        28 

Stars  (Histoire  Celeste)  59 

Stars  (Brit.  Assoc.  Cat.  of)  ...  110 

Railway  Sections  161 

British  Belemnites    60 

Fossil    Reptiles  (publication 

of  Report)  210 

Forms  of  Vessels  180 

Galvanic     Experiments     on 

Rocks  6 

Meteorological     Experiments 

at  Plymouth  68 

Constant  Indicator  and  Dyna- 
mometric Instruments 90 


11 

2 

12 

0 

8 

0 

14 

7 

17 

6 

6 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

10 

0 

0 

0 

0 

0 

0 

0 

8 

6 

0 

0 

0 

0 

£    t.   d. 

Force  of  Wind   10    0    0 

Light  on  Growth  of  Seeds  ...      8    0    0 

Vital  Statistics  50    0    0 

Vegetative  Power  of  Seeds  ...      8    111 
Questions  on  Human  Race  ...      7    9    0 


£1449  17    8 


1843. 

Revision  of  the  Nomenclature 
of  Stars  2    0    0 

Reduction  of  Stars,  British 
Association  Catalogue 25    0    0 

Anomalous    Tides,    Firth  of 

Forth  120    0    0 

Hourly  Meteorological  Obser- 
vations at  Kingussie  and 
Inverness    77  12    8 

Meteorological  Observations 
at  Plymouth  65    0    0 

Whewell's  Meteorological  Ane- 
mometer at  Plymouth 10    0    0 

Meteorological  Observations, 
Osier's  Anemometer  at  Ply- 
mouth      20    0    0 

Reduction  of  Meteorological 
Observations 80    0    0 

Meteorological  Instruments 
and  Gratuities  89    6    0 

Construction  of  Anemometer 
at  Inverness    66  12    2 

Magnetic  Co-operation 10    8  10 

Meteorological  Recorder  for 
Kew  Observatory  60    0    0 

Action  of  Gases  on  Light 18  16    1 

Establishment  at  Kew  Ob- 
servatory, Wages,  Repairs, 
Furniture,  and  Sundries  ...  133    4    7 

Experiments  by  Captive  Bal- 
loons        81    8    0 

Oxidation    of    the    Rails   of 

Railways 20    0    0 

Publication  of  Report  on 
Fossil  Reptiles  40    0    0 

(coloured  Drawings  of  Rail- 
way Sections 147  18    3 

Registration  of  Earthquake 
Shocks 30    0    0 

Report  on  Zoological  Nomen- 
clature      10    0    0 

Uncovering  Lower  Red  Sand- 
stone near  Manchester 4    4    6 

Vegetative  Power  of  Seeds  ...      5    8    8 

Marine  Testaoea  (Habits  of) .    10    0    0 

Marine  Zoology 10    0    0 

Marine  Zoology 2  14  11 

Preparation  of  Report  on  Bri- 
tish Fossil  Mammalia  100    0    0 

Physiological  Operations  of 
Medicinal  Agents 20    0    0 

Vital  Statistics 36    5    8 
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£    t.   d. 

Additional  Experiments  on 
the  Fonns  of  Vessels    70    0    0 

Additional  Experiments  on 
the  Forms  of  Vessels    100    0    0 

Bednction  of  Experiments  on 
the  Forms  of  Vessels    100    0    0 

Morin's  Instrament  and  Con- 
stant Indicator  69  U  10 

Experiments  on  the  Strength 

of  Materials    60    0    0 

£1566  10     2 

1844. 

Meteorological  Observations 
at  King^nssie  and  Inverness    12    0    0 

Completing  Observations  at 
Plymouth    36    0    0 

Magnetic  and  Meteorological 
Go-operation 25    8    4 

Publication  of  the  British 
Association  Catalogue  of 
Stars    35    0    0 

Observations  on  Tides  on  the 

East  Coast  of  Scotland    a.  100    0    0 

Revision  of  the  Nomenclature 
of  Stars   1842      2    9    6 

Maintaining  the  Establish- 
ment at  Eew  Observa- 
tory   117  17    3 

Instruments  for  Kew  Obser- 
vatory      66    7    3 

Influence  of  Light  on  Phwts      10    0    0 

iSubterraneous  Temperature 
in  Ireland   6    0    0 

Coloured  Drawings  of  Rail- 
way Sections 15  17    6 

Investigation  of  Fossil  Fishes 

ofthe  Lower  Tertiary  Strata  100    0    0 

Registering    the    Shocks   of 

Earthquakes 1842    23  11  10 

Structure  of  Fossil  Shells   ...     20    0    0 

Radiata  and  Mollusca  of  the 
Mgean  and  Red  Seas  1842  100    0    0 

Geographical  Distributions  of 

Marine  Zoology 1842      0  10    0 

Marine  Zoology  of  Devon  and 
Cornwall 10    0    0 

Marine  Zoology  of  Corfu 10    0    0 

Experiments  on  the  Vitality 
of  Seeds 9    0    0 

Experiments  on  the  Vitality 
of  Seeds 1842      8    7    3 

Exotic  Anoplura   15    0    0 

Strength  of  Materials 100    0    0 

Completing  Experiments  on 

the  Forms  of  Ships  100    0    0 

Inquiries  into  Asphyxia  10    0    0 

Investigations  on  the  Internal 
Constitution  of  Metals 60    0    0 

Constant  Indicator  and  Mo- 

rin's  Instrument    1842    10    0    0 

£081   12     8 


1845. 

£    s.  d. 

Publication  of  the  British  As- 
sociation Catalogue  of  Stars  361  14    6 
Meteorological    Observations 

;      at  Inverness   30  18  11 

I  Magnetic  and  Meteorologi(»Cl 

,       Co-operation 16  16    8 

'   Meteorological     Instruments 

i       at  Edinburgh 18  11     9 

I  Reduction  of  Anemometrical 
I       Observations  at  Plymouth    26    0    0 
Electrical    Experiments     at 

Kew  Observatory 43  17    8 

Maintaining    the    Establish- 
ment at  Eew  Observatory    149  16    0 
For  Ereirs  Barometrograph      25    0    0 
Oases  from  Iron  Furnaces...      50    0    0 

The  Actinograph   16    0    0 

Microscopic     Structure      of 

Shells  20    0    0 

Exotic  Anoplura    1843    10    0    0 

Vitality  of  Seeds  1843      2    0    7 

Vitality  of  Seeds  1844      7    0    0 

Marine  Zoology  of  Cornwall  .     10    0    0 
Physiological  Action  of  Medi- 
cines        20    0    0 

Statistics    of    Sickness   and 

Mortality  in  York.. 20    0    0 

Earthquake  Shocks  1843    16  14    8 

£831     9    9 


1846. 

British  Association  Catalogue 

of  Stars  1844  211  15  0 

Fossil  Fishes  of  the  London 

Clay 100    0  0 

Computation  of  the  Gaussian 

Constants  for  1829    6      0  0 

Maintaining   the    Establish- 
ment at  Eew  Observatory  146  16  7 

Strength  of  Materials  60    0  0 

Researches  in  Asphyxia  6  16  2 

Examination  of  Fossil  Shells  10    0  0 

Vitality  of  Seeds  1844  2  16  10 

Vitality  of  Seeds  1845  7  12  3 

Marine  Zoology  of  Cornwall  10    0  0 

Marine  Zoology  of  Britain  ...  10    0  0 

Exotic  Anoplura    1844  25    0  0 

Expenses  attending  Anemo- 
meters   11    7  6 

Anemometers*  Repairs 2    3  6 

Atmospheric  Waves 8    3  3 

Captive  Balloons  1844  8  19  8 

Varieties  of  the  Human  Race 

1844  7    6  3 
Statistics   of    Sickness   and 

Mortality  in  York 12    0  0 

£685  16  0 
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1847, 

£  «.  d. 

Computation  of  the  Gaussian 

Ck)n8tant8  for  1829 60  0  0 

Habito  of  Biarine  Animals  ...    10  0  0 

Physiological  Action  of  Medi- 
cines        20  0  0 

Marine  Zoology  of  Cornwall      10  0  0 

Atmospheric  Waves 6  9  3 

Vitality  of  Seeds  4  7  7 

Maintaining   the  Establish- 
ment at  Kew  Observatory    107  8  6 
£208  5  4 


1848. 
Maintaining   the   Establish- 
ment at  Kew  Observatory    171  15  11 

Atmospheric  Waves 3  10  9 

Vitality  of  Seeds  9  15  0 

Completion  of  Catalogue  of 

StSxs    70    0  0 

On  Colouring  Matters  5    0  0 

On  Growth  of  Plants    15    0  0 

£275     1  8 


1849. 

Electrical    Observations    at 
Kew  Observatory 60    0    0 

Maintaining  the    Establish- 
ment at  ditto 76    2     6 

Vitality  of  Seeds  5    8     1 

On  Growth  of  Plants    6    0    0 

Registration    of     Periodical 

Phenomena 10    0    0 

Bill  on  Account  of   Anemo- 

metrical  Observations 13    9    0 

£169  19    6 

1860. 
Maintaining   the    Establish- 
ment at  Kew  Observatory    266  18    0 
Transit  of  Earthquake  Waves    60    0    0 

Periodical  Phenomena 16    0    0 

Meteorological    Instruments, 

Azores •_26_<L^ 

£346  18    0 


1861. 
Maintaining   the   Establish- 
ment at  Kew  Observatory 
(includes  part  of  grant  in 

1849)    309    2     2 

Theory  of  Heat 20    1     1 

Periodical  Phenomena  of  Ani- 
mals and  Plants 5    0    0 

Vitality  of  Seeds  5     6    4 

Influence  of  Solar  Radiation      30    0    0 

Ethnological  Inquiries 12    0    0 

Researches  on  Annelida  10    0    0 

£391    9    7 


1862. 

£     f.    d. 

Maintaining  the  Establish- 
ment at  Kew  Observatory 
(including  balance  of  grant 
for  1850) 233  17     8 

Experiments  on  the  Conduc- 
tion of  Heat  6    2    » 

Influence  of  Solar  Radiations    20    0    0 

Geological  Map  of  Ireland  ...     15    0    0 

Researches  on  the  British  An- 
nelida      10    0    0 

Vitality  of  Seeds  10    6    2 

Strength  of  Boiler  Plates 10    0    0 

£30r~6    7 


1853. 

Maintaining  the  Establish- 
ment at  Kew  Observatory     165    0    0 

Experiments  on  the  Influence 
of  Solar  Radiation    15    0    0 

Researches  on  the  British 
Annelida 10    0    0 

Dredging  on  the  East  Coast 
of  Scothmd 10    0    0 

Ethnological  Queries   6    0 0 

£205    0    0 

1854. 

Maintaining  tlie  Establish- 
ment at  Kew  Observatory 
(including  balance  of 
former  grant) 330  15    4 

Investigations  on  Flax II    0    0 

Effects  of  Temperature  on 
Wrought  Iron 10    0    O 

Registration  of  Periodical 
Phenomena 10    0    O 

British  Annelida  10    0    0 

VitaUty  of  Seeds  5    2    3 

Conduction  of  Heat 4    2    0 

£380  19    7 


1855. 
Maintaining   the    Establish- 
ment at  Kew  Observatory    425  0    O 

Earthquake  Movements   10  0    O 

Physical  Aspect  of  the  Moon      II  8    6 

Vitality  of  Seeds  10  7  11 

Map  of  the  World 15  0    O 

Ethnological  Queries   5  0    0 

Dredging  near  Belfast 4  0    0 

£480  l6~~4 


1856. 
Maintaining   the    Establish- 
ment   at   Kew     Observa- 
tory:— 

1854 £  75    0    0\   „.    ^    ^ 

1866 £600    0    0/   ^^^    ^    ^ 
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£  t.  d. 
Strickland*9      Ornithological 

Synonyms    100  0  0 

Dredging      and      Dredging 

Forms 9  13  0 

Chemical  Action  of  Light   ...     20  0  0 

Strength  of  Lron  Plates   10  0  0 

Registration     of     Periodical 

Phenomena 10  0  0 

Propagation  of  Salmon 10  0  0 

£734  13  9 

1857. 

Maintaining  the    Estahlish- 

ment  at  Kew  Observatory    350    0    0 

Earthquake     Wave    Experi- 
ments       40    0    0 

Dredging  near  Belfast 10    0    0 

Dredging  on  the  West  Coast 

of  Scotland 10    0    0 

Investigations  into  the  Mol- 

lusca  of  California    10    0    0 

Experiments  on  Flax  5    0    0 

Natural    History    of    Mada- 
gascar      20    0    0 

Researches  on  British  Anne- 
lida       26    0    0 

Report  on   Natural  Products 
imported  into  Liverpool  ...     10    0    0 

Artificial  Propagation  of  Sal- 
mon      10    0    0 

Temperature  of  Mines 7    8    0 

Thermometers  for  Subterra- 
nean Observations 5     7     4 

Life-boats  5    0    0 

£507  15     4 


1858. 

Maintaining  the  Establish- 
ment at  Kew  Observatory    500    0    0 

Earthquake  Wave  Experi- 
ments      26     0     0 

Dredging  on  the  West  Coast 

of  Scotland 10    0    0 

Dredging  near  Dublin 6    0    0 

Vitality  of  Seeds  5     5    0 

Dredging  near  Belfast 18  13     2 

Report  on  the  British  Anne- 
lida      25    0    0 

Experiments  on  the  produc- 
tion of  Heat  by  Motion  in 
Fluids 20    0    0 

Report  on  the  Natural  Pro- 
ducts imported  into  Scot- 
land      10_  00 

£618  18     2 

1869. 

Maintaining  the  Establish- 
ment at  Kew  Observatory     600    0    0 

Dredging  near  Dublin 15    0    0 

1894. 


£  «.  d. 

Osteology  of  Birds    60  0  0 

Irish  Tunicata    5  0  0 

Manure  Experiments    20  0  0 

British  Medusid* 5  0  0 

Dredging  Committee    5  0  0 

Steam- vessels*  Performance...       6  0  0 
Marine  Fauna  of  South  and 

West  of  Ireland 10  0  0 

Photographic  Chemistry 10  0  0 

Lanarkshire  Fossils 20  0  1 

Balloon  Ascents 39  11  0 

£684  11  1 

1860. 
Maintaining   the    Establish- 
ment at  Kew  Observatory    500  0  0 

Dredging  near  Belfast 16  6  0 

Dredging  in  Dublin  Bay 15  0  0 

Inquiry  into  the  Performance 

of  Steam-vessels    124  0  0 

Explorations  in  the   Yellow 

Sandstone  of  Dura  Den    ..      20  0  0 
Chemico- mechanical  Analysis 

of  Rocks  and  Minerals 25  0  0 

Researches  on  the  Growth  of 

Plants 10  0  0 

Researches  on  the  Solubility 

of  Salts  30  0  0 

Researches  on  theConstituents 

of  Manures     25  0  0 

Balance  of  Captive   Balloon 

Accounts _    113  6 

£766  19~6 


1861. 
Maintaining    the    Establish- 
ment at  Kew  Observatory..  500 

Earthquake  Experiments 25 

Dredging    North    and    East 

Coasts  of  Scotland    23 

Dredging  Committee : — 

1860 £50    0    0  \ 

1861 £22    0    0/ 

Excavations  at  Dura  Den 20 

Solubility  of  Salts     20 

Steam- vessel  Performance   ...  150 

Fossils  of  Lesmahagow  15 

Explorations  at  Uriconium ...     20 

Chemical  Alloys    20 

Classified  Index  to  the  Trans- 
actions   100 

Dredging  in  the  Mersey  and 

Dee 5 

Dip  Circle  30 

Photoheliographic     Observa- 
tions         50 

Prison  Diet 20 

Gauging  of  Water 10 

Alpine  Ascents  6 

Constituents  of  Manures 25 

£1111" 


0    0 
0     0 

0    0 


72    0    0 


0    0 


5  10 
0  0 
510 
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1862. 

€  t.  d. 

Maintaining:   the    Establish- 
ment at  Kew  Observatory    600  0  0 

Patent  Laws   21  6  0 

Molluscaof  N.-W.  of  America    10  0  0 
Natural  History  by  Mercantile 

Marine    5  0  0 

Tidal  Observations    25  0  0 

Photoheliometer  at  Kew 40  0  0 

Photog^raphic  Pictures  of  the 

Sun  160  0  0 

Rocks  of  Donegal 26  0  0 

Dredpring  Durham  and  North- 
umberland Coasts 25  0  0 

Connection  of  Storms  20  0  0 

Dredging    North-east    Coast 

of  Scotland    6  9  6 

Ravages  of  Teredo   3  110 

Standards  of  Electrical   Re- 
sistance        50  0  0 

Railway  Accidents    10  0  0 

Balloon  Committee  200  0  0 

Dredging  Dublin  Bay 10  0  0 

Dredging  the  Mersey   5  0  0 

Prison  Diet     20  0  0 

Gauging  of  Water 12  10  0 

Steamships'  Performance 150  0  0 

Thermo-electric  Currents    ...      5  0  0 

£1293  16  6 


£  f.  d. 

Thermo-electricity    16  0    0 

Analysis  of  Rocks     8  0    0 

Hydroida 10  0    0 

£1608  3  10 


1863. 
Maintaining    the    Establish- 
ment at  Kew  Observatory...  600  0  0 
Balloon  Committee  deficiency    70  0  0 
Balloon    Ascents    (other  ex- 
penses)          25  0  0 

Entozoa  25  0  0 

Coal  Fossils    20  0  0 

Herrings 20  0  0 

Granites  of  Donegal 5  0  0 

Prison  Diet     20  0  0 

Vertical  Atmospheric  Move- 
ments       13  0  0 

Dredging  Shetland   50  0  0 

Dredging  North-east  Coast  of 

Scotland 26  0  0 

Dredging       Northumberland 

and  Durham  17  3  10 

Dredging  Committee  superin- 
tendence          10  0  0 

Steamship  Performance  100  0  0 

Balloon  Committee 200  0  0 

Carbon  underpressure 10  0  0 

Volcani c  Temperature 1 00  0  0 

Bromide  of  Ammonium  8  0  0 

Electrical  Standards 100  0  0 

Electrical  Construction    and 

Distribution   40  0  0 

Luminous  Meteors    17  0  0 

Kew  Additional  Buildings  for 

Photoheliograph    100  0  0 


1864. 
Maintaining    the    Establish- 
ment at  Kew  Observatory..  600  0  0 

Coal  Fossils    20  0  0 

Vertical  Atmospheric  Move- 
ments       20  0  0 

Dredging,  Shetland 75  0  0 

Dredging,  Northumberland...     26  0  0 

Balloon  Committee  200  0  0 

Carbon  under  pressure     10  0  0 

Standards    of    Electric    Re- 
sistance     100  0  0 

Analysis  of  Rocks     10  0  0 

Hydroida     10  0  0 

Askham'sGift    60  0  0 

Nitrite  of  Amyle  10  0  0 

Nomenclature  Committee   ...      6  0  0 

Rain-gauges  19  15  8 

Cast-iron  Investigation    20  0  0 

Tidal    Observations     in    the 

Humber  60  0  0 

Spectral  Rays 45  0  0 

Luminous  Meteors    20  0  0 

£1289  15  8 


1865. 
Maintaining   the    Establish- 
ment at  Kew  Observatory..  600  0  0 

Balloon  Committee  100  0  0 

Hydroida 13  0  0 

Rain-gauges 30  0  0 

Tidal     Observations    in    the 

Humber  6  8  0 

Hexylic  Compounds 20  0  0 

Amyl  Compounds 20  0  0 

Ldsh  Flora 25  0  0 

American  MoUusca  ' 3  9  0 

Organic  Acids    20  0  0 

Lingula  Flags  Excavation  ...     10  0  0 

Eurypterus 60  0  0 

Electrical  Standards 100  0  0 

Malta  Caves  Researches  30  0  0 

Oyster  Breeding    26  0  0 

Gibraltar  Caves  Researches...  150  0  0 

Kent's  Hole  Excavations 100  0  0 

Moon's  Surface  Observations     36  0  0 

Marine  Fauna    25  0  0 

Dredging  Aberdeenshire 25  0  0 

Dredging  Channel  Islands  ...     50  0  0 

Zoological  Nomenclature 5  0  0 

Resistance  of  Floating  Bodies 

in  Water 100  0  0 

Bath  Waters  Analysis  8  10  10 

Luminous  Meteors    40  0  0 

£1591  7~10 
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1866. 

£  f. 

Maintaining    the    Establish- 
ment at  Kew  Observatory. .  600  0 

Lunar  Committee 64  13 

Balloon  Committee  60  0 

Metrical  Committee 60  0 

British  Rainfall 60  0 

Kilkenny  Coal  Fields  16  0 

Alnm  Bay  Fossil  Leaf -bed  ...     16  0 

Lnminoos  Meteors    60  0 

Lingola  Flaj?s  Excavation  ...    20  0 
Chemical     Constitution     of 

Cast  Lron    60  0 

Amyl  Compounds 25  0 

Electrical  Standards 100  0 

Malta  Caves  Exploration 30  0 

Kent's  Hole  Exploration 200  0 

Marine   Fauna,    &c,    Devon 

and  Cornwall 25  0 

Dred^ng  Aberdeenshire  Coast    25  0 

Dred^ng  Hebrides  Coast    ...    60  0 

Dredging  the  Mersey  6  0 

Resistance  of  Floating  Bodies 

in  Water 60  0 

Polycyanidesof  Organic  Badi- 

ckU  29  0 

Rigor  Mortis 10  0 

Irish  Annelida  16  0 

Catalogue  of  Crania 60  0 

Didine   Birds  of    Mascarene 

Islands    60  0 

Typical  Crania  Researches  ...    30  0 

Palestine  Exploration  Fund...  100  0 

£1750  13 


1867. 
Maintaining    the    Establish- 
ment at  Kew  Observatory..  600 
Meteorological    Instruments, 

Palestine 60 

Lunar  Committee 120 

Metrical  Committee 30 

Kent's  Hole  Explorations    ...  100 

Palestine  Explorations 60 

Insect  Fauna,  Palestine    30 

British  Rainfall 50 

Kilkenny  Coal  Fields  25 

Alum  Bay  Fossil  Leaf -bed  ...     26 

Luminous  Meteors    60 

Bournemouth,  &c..  Leaf-beds    30 

Dredging  Shetland  75 

Steamship  Reports  Condensa- 
tion    100 

Klectrical  Standards 100 

Ethyl  and  Methyl  Series 25 

Fossil  Crustacea   26 

Sound  under  Water  24 

North  Greenland  Fauna 76 

Do.  Plant  Beds   100 

Iron  and  Steel  Manufacture  .     26 

Patent  Laws ^ 

£173I> 


0    0 


1868. 

£  s.  d. 

Maintaining   the    Establish- 
ment at  Kew  Observatory..  600  0  0 

Lunar  Committee 120  0  0 

Metrical  C  )mmittee 50  0  0 

Zoological  Record 100  0  0 

Kent's  Hole  Explorations    ...  160  0  0 

Steamship  Performances 100  0  0 

British  Rainfall 50  0  0 

Luminous  Meteors 50  0  0 

Organic  Acids    60  0  0 

Fossil  Crustacea 25  0  0 

Methyl  Series 25  0  0 

Mercury  and  Bile  25  0  0 

Organic    Remains  in  Lime- 
stone Rocks    25  0  0 

Scottish  Earthquakes  20  0  0 

Fauna,  Devon  and  Cornwall..    30  0  0 

British  Fossil  Corals    50  0  0 

Bagshot  Leaf-beds  50  0  0 

Greenland  Explorations  100  0  0 

Fossil  Flora    25  0  0 

Tidal  Observations   100  0  0 

Underground  Temperature...    50  0  0 
Spectroscopic    Investigations 

of  Animal  Substances   R  0  0 

Secondary  Reptiles,  dec 30  0  0 

British    Marine    Invertebrate 

Fauna 100  0  0 

£1940  0  0 


1869. 

Maintaining    the    Establish- 
ment at  Kew  Observatory. .  600  0  0 

Lunar  Committee 50  0  0 

Metrical  Committee 26  0  0 

Zoological  Record 100  0  0 

Committee  on  Oases  in  Deep- 
well  Water 25  0  0 

British  Rainfall..... 50  0  0 

Thermal  Conductivity  of  Iron, 

&c 30  0  0 

Kent's  Hole  Explorations 160  0  o 

Steamship  Performances  30  0  0 

Chemical      Constitution     of 

Cast  Iron 80  n  o 

Iron  and  Steel  Manufacture     100  n  o 

Methyl  Series ,30  0  0 

Organic    Remains  in    Lime- 
stone Rocks 10  0  0 

Earthquakes  in  Scotland 10  0  0 

British  Fossil  Corals    50  0  0 

Bagshot  Leaf-beds    30  0  0 

Fossil  Flora    25  0  0 

Tidal  Observations   100  0  0 

Underground  Temperature...     30  0  0 
Spectroscopic   Investigations 

of  Animal  Substances  6  0  0 

Organic  Acids    12  0  0 

Kiltorcan  Fossils  20  0  0 
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i,  f.  d, 
•Chemical    Constitution    and 
Physiological  Action  Rela- 
tions         16  0  0 

Mountain  Limestone  Fossils      25  0  0 

Utilisation  of  Sewage 10  0  0 

Products  of  Digestion 10  0  0 

£1622  0  0 


1870. 

Maintaining   the    Establish- 
ment at  Kew  Observatory  600  0  0 

Metrical  Committee 25  0  0 

Zoological  Record 100  0  0 

( Committee  on  Marine  Fauna  20  0  0 

Ears  in  Fishes    10  0  0 

•  Chemical    Nature    of     Cast 

Iron 80  0  0 

Luminous  Meteors    30  0  0 

iHeat  in  the  Blood 15  0  0 

British  Rainfall 100  0  0 

Thermal     Conductivity      of 

Iron,  ifcc 20  0  0 

British  Fossil  Corals 60  0  0 

(Kent's  Hole  Explorations    ...  150  0  0 

Scottish  .Earthquakes  4  0  0 

•Bagshot  Leaf-beds    15  0  0 

Fossil  Flora    25  0  0 

Tidal  Observations   100  0  0 

Underground  Temperature ...  60  0  0 

Kiltorcan  Quarries  Fossils  ...  20  n  0 

Mountain  Limestone  Fossils  25  0  0 

Utilisation  of  Sewage 60  0  0 

Organic  Chemical  Compounds  80  0  0 

Onny  River  Sediment  3  0  0 

Mechanical     Equivalent    of 

Heat _ 60  0  0 


€1572    0    0 


1871. 
Maintaining    the    Establish- 
ment at  Kew  Observatory    600  0  0 
Monthly  Reports  of  Progress 

in  Chemistry 100  0  0 

Metrical  Committee 25  0  0 

Zoological  Record 100  0  0 

Thermal  Equivalents  of  the 

Oxides  of  Chlorine   10  0  0 

Tidal  Observations   100  0  0 

Fossil  Flora    25  0  0 

Luminous  Meteors    30  0  0 

British  Fossil  Corals    25  0  0 

Heat  in  the  Blood 7  2  6 

British  Rainfall 50  0  0 

Kent's  Hole  Explorations   ...  160  0  0 

Fossil  Crustacea    26  0  0 

Methyl  Compounds  26  0  0 

Lunar  Obiects   20  0  0 


i,  s.  d. 
Fossil    Coral    Sections,    for 

Photographing  20  0  0 

Bagshot  Leaf-beds    20  0  0 

Moab  Explorations   100.  0  0 

Gaussian  Constants 40  0  0 


€1472    2    6 


1872. 
Maintaining    the    Establish- 
ment at  Kew  Observatory    300  0  0 

Metrical  Committee 75  0  0 

Zoological  Record 100  0  0 

Tidal  Committee  200  0  0 

Carboniferous  Corals    25  0  0 

Organic  Chemical  Compounds    25  0  0 

Exploration  of  Moab 100  0  0 

Terato-embryological    Inqui- 
ries       10  0  0 

Kent's  Cavern  Exploration..    100  0  0 

Luminous  Meteors    20  0  0 

Heat  in  the  Blood 16  0  0 

Fossil  Crustacea    25  0  0 

Fossil  Elephants  of  Malta  ...     25  0  0 

Lunar  Objects    20  0  0 

Inverse  Wave-lengths 20  0  0 

British  Rainfall 100  0  0 

Poisonous   Substances  Anta- 
gonism      10  0  0 

Essential  Oils^  Chemical  Con- 
stitution, &c 40  0  0 

Mathematical  Tables    50  0  0 

Thermal  Conductivity  of  Me- 
tals       25  0  0 

€1285  0  0 


1873. 

Zoological  Record 100  0  0 

Chemistry  Record 200  0  0 

Tidal  Committee  400  0  0 

Sewage  Committee   100  0  0 

Kent's  Cavern  Exploration...  160  0  0 

Carboniferous  Corals    26  0  0 

Fossil  Elephants   25  0  0 

Wave-lengths     160  0  0 

British  Rainfall 100  0  0 

Essential  Oils 30  0  0 

Mathematical  Tables   100  0  0 

Gaussian  Constants  10  0  0 

Sub-Wealden  Explorations...     25  0  0 

Underground  Temperature...  150  0  0 

Settle  Cave  Exploration  50  0  0 

Fossil  Flora,  Ireland 20  0  0 

Timber  Denudation  and  Rain- 
fall       20  0  0 

Luminous  Meteors .30  0  0 


€1686    0    0 
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1874. 

£  t.  d. 

Zoological  Record 100  0  0 

Chemistry  Record 100  0  0 

Mathematical  Tables    100  0  0 

Elliptic  Functions 100  0  0 

Lightning  Conductors 10  0  0 

Thermal      Conductivity      of 

Rocks  10  0  0 

Anthropological  Instructions, 

Sec    60  0  0 

Kent's  Cavern  Exploration...  150  0  0 

Luminous  Meteors    30  0  0 

Intestinal  Secretions    16  0  0 

British  Rainfall 100  0  0 

Essential  Oils 10  0  0 

Sub- Wealden  Explorations...  25  0  0 

Settle  Cave  Exploration 60  0  0 

Mauritius  Meteorological  Re- 
search   100  0  0 

Magnetisation  of  Iron 20  0  0 

Marine  Organisms 30  0  0 

Fossils,  North- West  of  Scot- 
land   2  10  0 

Physiological  Action  of  Light  20  0  0 

Trades  Unions   26  0  0 

Mountain  Limestone-corals  25  0  0 

Erratic  Blocks   10  0  0 

Dredging,  Durham  and  York- 
shire Coasts    28  6  0 

High  Temperature  of  Bodies  30  0  0 

Siemens*s  Pyrometer    3  6  0 

Labyrinthodonts     of     Coal- 
measures 7  16  0 

£1151  16  0 


1875. 

Elliptic  Functions    103  0 

Magnetisation  of  Iron 2D  0 

British  Rainfall 120  0 

Luminous  Meteors    20  0 

Chemistry  Record 100  0 

Specific  Volume  of  Liquids...  25  0 
iistimation    of    Potash    and 

Phosphoric  Acid 10  0 

Isometric  Crcsols  20  0 

Sub-Wealden  Ejrploration.**...  100  0 

Kent's  Cavern  Exploration...  100  0 

Settle  Cave  Exploration 50  0 

Earthquakes  in  Scotland 16  0 

Underground  Waters    10  0 

Development    of     Myxinoid 

Fishes 20  0 

Zoological  Record 100  0 

Instructions  for  Travellers  ...     20  0 

Intestinal  Secretions    20  0 

Palestine  Exploration 100  0 

£960  0 


1876. 

£  t.  d. 

Printing  Mathematical  Tables  169  4  2 

British  Rainfall 100  0  0 

Ohm's  Law 9  16  0 

Tide  Calculating  Machine  ...  200  0  0 

Specific  Volume  of  Liquids...     26  0  0 

Isomeric  Cresols    10  0  0 

Action  of  Ethyl  Bromobuty- 

rate    on  Ethyl     Sodaceto- 

acetate 6  0  0 

Estimation   of     Potash   and 

Phosphoric  Acid 13  0  0 

Exploration  of  Victoria  Cave, 

Settle  100  0  0 

Geological  Record 100  0  0 

Kent's  Cavern  Exploration...  100  0  0 
Thermal    Conductivities    of 

Rocks  10  0  0 

Underground  Waters  10  0  0 

Earthquakes  in  Scotland 1  10  0 

Zoological  Record 100  0  0 

Close  Time 6  0  0 

Physiological       Action       of 

Sound 26  0  0 

Naples  Zoological  Station  .,,    76  0  0 

Intestinal  Secretions    16  0  0 

Physical  Characters  of  Inha- 
bitants of  British  Isles 13  15  0 

Measuring  Speed  of  Shipo  ...  10  0  0 
Effect  of  Propeller  on  turning 

of  Steam-vessels   6  0  0 

£1002  4  2 


1877. 

Liquid    Carbonic    Acid     in 

Minerals 20  0  0 

Elliptic  Functions    260  0  0 

Thermal      Conductivity     of 

Rocks  9  117 

25oological  Record 100  0  0 

Kent's  Cavern    100  0  0 

Zoological  Station  at  Naples    75  0  0 

Luminous  Meteors    .30  0  0 

Elasticity  of  Wires  100  0  0 

Dipterocarpese,  Report,  on  ...  20  0  0 
Mechanical      Equivalent    of 

Heat 36  0  0 

Double  Compounds  of  Cobalt 

and  Nickel 8  0  0 

Underground  Temperature...     60  0  0 

Settle  Cave  Exploration 100  0  0 

Underground  Waters  in  New 

Red  Sandstone  10  0  0 

Action  of  Ethyl  Bromobuty- 

rate  on    EUiyl    Sodaceto- 

acetate    10  0  0 

British  Earthworks  25  0  0 

Atmospheric    Electricity    in 

India    16  0  0 

Development  of  Light  from 

Coal-gaa ^20  0  0 

Digitized  by  VjOOQIC 
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Bstimation    of    Potash    and 

Phosphoric  Acid 1  18  0 

Geological  Record 100  0  0 

Anthropometric  Committee        34  0  0 

Physiologickl  Action  of  Phos- 
phoric Acid,  &c .j^ 16  0  0 

£1128  9  7 


1878. 

Exploration  of  Settle  Caves      100  0    0 

Geological  Record 100  0    0 

Investigation  of  Pulse  Pheno- 
mena by  means  of  Siphon 

Recorder 10  0    0 

Zoological  Station  at  Naples  76  0  0 
Investigation  of  Underground 

Waters 16  0    0 

Transmission    of    Electrical 

Impulses     through    Nerve 

Structure 30  0    0 

Calculation  of  Factor  Table 

for  4th  Million 100  0    0 

Anthropometric  Committee...  66  0  0 
Chemical     Composition    and 

Structure    of    less -known 

Alkaloids 26  0    0 

Exploration  of  Kent's  Cavern    50  0    0 

Zoological  Record 100  0    0 

Fermanagh  Caves  Exploration  16  0  0 
Thermal      Conductivity      of 

Rocks  4  16     6 

Luminous  Meteors 10  0    0 

Ancient  Earthworks 26    0 0 

£725  16     6 


1879. 

Table      at     the      Zoological 

Station,  Naples 76    0    0 

Miocene  Flora  of  the  Basalt 
of  the  North  of  Ireland    ...     20    0    0 

Illustrations  for  a  Monograph 

on  the  Mammoth  17    0    0 

Record  of  Zoological  Litera- 
ture    100    0    0 

Composition  and  Structure  of 

less-known  Alkaloids    26     0    0 

Exploration     of      Caves     in 

Borneo     50    0    0 

Kent's  Cavern  Exploration...  100    0    0 

Record  of  the  Progress  of 
Geology  100    0    0 

Fermanagh  Caves  Exploration      6    0    0 

Electrolysis  of  Metallic  Solu- 
tions and  Solutions  of 
Compound  Salts 26    0    0 

Anthropometric  Committee...     50    0    0 

Natural  History  of  Socotra ...  100    0    0 

Calculation  of  Factor  Tables 
for  6th  and  6th  Millions  ...  160    0    0 


£    $.  d. 

Underground  Waters 10    0    0 

Steering  of  Screw  Steamers...     10    0    0 

Improvements  in  Astrono- 
mical Clocks  30    0    0 

Marine  Zoology  of  South 
Devon 20    0    0 

Determination  of  Mechanical 
Equivalent  of  Heat  12  15    6 

Specific  Inductive  Capacity 
of  Sprengel  Vacuum 40    0    0 

Tables  of  Sun- heat  Co- 
efficients      30    0    0 

Datum  Level  of  the  Ordnance 

Survey 10    0    0 

Tables  of  Fundamental  In- 
variants of  Algebraic  Forms    36  14    9 

Atmospheric  Electricity  Ob- 
servations in  Madeira  15    0    0 

Instrument     for      Detecting 

Fire-damp  in  Mines 22    0    0 

Instruments    for    Measuring 

the  Speed  of  Ships    17     1     8 

Tidal    Observations    in    the 

English  Channel 10    0    0 

£1080  11  11 


1880. 
New  Form  of  High  Insulation 

Key 10    0 

Underground  Temperature ...     10    0 
Determination    of    the    Me- 
chanical     Equivalent      of 

Heat    8    6 

Elasticity  of  Wires  60    0 

Luminous  Meteors    30    0 

Lunar  Disturbance  of  Gravity     30    0 

Fundamental  Invariants 8    5 

Laws  of  Water  Friction 20    0 

Specific    Inductive  Capacity 

of  Sprengel  Vacuum 20    0 

Completion  of  Tables  of  Sun- 
beat  Coefficients    60    0 

Instrument  for  Detection  of 

Fire-damp  in  Mines 10    0 

Inductive  Capacity  of  Crystals 

and  Paraffines    4  17 

Report      on      Carboniferous 

Polyzoa   10    0 

Caves  of  South  Ireland    10    0 

Viviparous  Nature  of  Ichthyo- 
saurus       10    0 

Kent's  Cavern  Exploration...     60    0 

Geological  Record 100    0 

Miocene  Flora  of  the  Basalt 

of  North  Ireland   15    0 

Underground  Waters  of  Per- 
mian Formations  5    0 

Record  of  Zoological  Litera- 
ture   100    0 

Table  at  Zoological  Station 
at  Naples    76    0 
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Investigation  of  the  Qeology 

and  Zoology  of  Mexico 50  0  0 

Anthropometry 50  0  0 

Patent  Laws  6  0  0 

£731  7  7 


1881. 

Lunar  Disturbance  of  Gravity  30  0  0 

Underground  Temperature ...  20  0  0 

Electrical  Standards 25  0  0 

High  Insulation  Key 5  0  0 

Tidal  Observations    10  0  0 

Specific  Befractions  7  3  1 

Fossil  PoJyzoa    10  0  0 

Underground  Waters    10  0  0 

Earthquakes  in  Japan 26  0  0 

Tertiary  Flora    20  0  0 

Scottish  Zoological  Station  ...  50  0  0 

Naples  Zoological  Station    ...  75  0  0 

Natural  History  of  Socotra  ...  60  0  0 
Anthropologicid    Notes    and 

Queries    9 

Zoological  Record 100 

Weights     and     Heights    of 

Human  Beings  30 

£476  3  1 


0    0 
0    0 

0    0 


1882. 
Exploration  of  Central  Africa  100    0    0 
Fundamental    Invariants    of 

Algebraical  Forms 76     1  11 

Standards      for      Electrical 

Measurements   100    0    0 

Calibration  of  Mercurial  Ther- 
mometers         20    0    0 

Wave-length  Tables  of  Speo- 

tra  of  Elements 50    0    0 

Photographing      Ultra-violet 

Spark  Spectra    25    0    0 

Geological  Record 100    0    0 

Earthquake    Phenomena    of 

Japan 25    0    0 

Conversion    of    Sedimentary 

Materials  into  Metamorphic 

Rocks  10    0    0 

Fossil  Plants  of  Halifax 15    0    0 

Geological  Map  of  Europe  ...    25    0    0 
Circulation  of   Underground 

Waters 15    0    0 

Tertiary  Flora  of  North  of 

Ireland    20    0 

British  Polyzoa 10    0 

Exploration  of  Caves  of  South 

of  Ireland   10    0 

ExplorationofRaygill  Fissure  20  0 
Naples  Zoological  Station  ...  80  0 
Albuminoid     Substances    of 

Serum 10    0    0 


£  $.  d. 

Elimination  of  Nitrogen  by 

Bodily  Exercise 60  0  0 

Migration  of  Birds   16  0  0 

NaturalHistory  of  Socotra...  100  0  0 
Natural  History  of  Timor-laut  100  0  0 
Record  of  Zoological  Litera- 
ture   100  0  0 

Anthropometric  Committee...     50  0  0 

£1126  1  11 


1883. 
Meteorological    Observations 

onBenNevis 50 

Isomeric  Naphthalene    Deri- 
vatives      15 

Earthquake    Phenomena    of 

Japan  60 

Fossil  Plants  of  Halifax 20 

British  Fossil  Polyzoa 10 

Fossil  Phyllopoda  of  Palaeo- 
zoic Bocks 26 

Erosion  of  Sea-coast  of  Eng- 
land and  Wales 10 

Circulation  of    Underground 

Waters 16 

Geological  Record 60 

Exploration  of  Caves  in  South 

of  Ireland  10 

Zoological  Literature  Record  100 

Migration  of  Birds   20 

Zoological  Station  at  Naples  80 
Scottish  Zoological  Station...  25 
Elimination  of   Nitrogen  by 

Bodily  Exercise 38 

Exploration  of   Mount  Kili- 

ma-njaro 500 

Investigation    of     Loughton 

Camp  10 

Natural  History  of  Timor-laut  60 
Screw  Gauges 5 

£1083 


0  0 

0  0 

0  0 

0  0 

0  0 

0  0 

0  0 

0  0 

0  0 


3  3 

0  0 

0  0 

0  0 

0  0 


3     3 


1884. 

Meteorological    Observations 

on  Ben  Nevis 60  0  0 

Collecting  and  Investigating 

Meteoric  Dust 20  0  0 

Meteorological  Observatory  at 

Chepstow 25  0  0 

Tidal  Observations 10  0  0 

Ultra  Violet  Spark  Spectra  ...  8  4  0 
Earthquake     Phenomena     of 

Japan  76  0  0 

Fossil  Plants  of  Halifax  15  0  0 

Fossil  Polyzoa 10  0  0 

Erratic  Blocks  of  England  ...  10  0  0 
Fossil  Phyllopoda  of  Palaeo- 
zoic Rocks  15  0  0 
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Circalation   of   Underground 

Waters 6 

International  Geological  Map  20 
Bibliography    of    Groups    of 

Invertebrata   60 

Natural  History  of  Timor-laut  50 
Naples  Zoologies  Station  ...  80 
Exploration   of   Mount  Kill- 

ma-njaro.  East  Africa   600 

Migration  of  Birds 20 

Coagulation  of  Blood 100 

Zoological  Literature  Record  100 
Anthropometric  Committee...     10 

£1173    4    0 


1885. 

Synoptic    Chart    of    Indian 
Ocean  50    0    0 

Reduction  of  Tidal  Observa- 
tions      10    0    0 

Calculating  Tables  in  Theory 
of  Numbers 100    0    0 

Meteorological     Observations 

on  Ben  Nevis 50    0    0 

Meteoric  Dust    70    0    0 

Vapour  Pressures,  &c.,  of  Salt 

Solutions •  26    0    0 

Physical  Constants  of  Solu- 
tions      20    0    0 

Volcanic  Phenomena  of  Vesu- 
vius       25    0    0 

Raygill  Fissure  15    0    0 

Earthquake     Phenomena    of 
Japan  70    0    0 

Fossil  Phyllopoda  of  Palaeozoic 

Rocks    26    0    0 

Fossil  Plants  of  British  Ter- 
tiary and  Secondary  Bed.s  .     60    0    0 

Geological  Record 60    0    0 

Circulation    of    Underground 
Waters 10    0    0 

Naples  Zoological  Station    ...  100    0    0 

Zoological  Literature  Record.  100    0    0 

Migration  of  Birds    30    0    0 

Exploration  of  Mount  Kilima- 
njaro         25    0    0 

Recent  Polyzoa 10    0    0 

Marine  Biological  Station  at 
Granton  100    0    0 

Biological  Stations  on  Coasts 
of  United  Kingdom  160    0    0 

Exploration  of  New  Guinea...  200    0    0 

Exploration  of  Mount  Roraima  1 00    0    0 
£i385"~0"0 


1886. 

Electrical  Standards 40    0  0 

Solar  Radiation 9  10  6 

Tidal  Observations    50    0  0 

Magnetic  Observations 10  10  0 

Observations  on  Ben  Nevis ...  100    0  0 


£  ».  d. 
Physical  and  Chemical  Bear- 
ings of  Electrolysis  20  0  0 

Chemical  Nomenclature   5  0  0 

Fossil  Plants  of  British  Ter- 
tiary and  Secondary  Beds...     CO  0  0 

Caves  in  North  Wales  25  0  0 

Volcanic  Phenomena  of  Vesu- 
vius       30  0  0 

Geological  Record 100  0  0 

Palaeozoic  Phyllopoda  15  0  0 

Zoological  Literature  Record .  100  0  0 

Biological  Station,  Granton...     76  0  0 

Naples  Zoological  Station 60  0  0 

Researches  in  Food- Fishes  and 

Invertebrata  at  St.  Andrews    76  0  0 

Migration  of  Birds  30  0  0 

Secretion  of  Urine 10  0  0 

Exploration  of  New  Guinea...  150  0  0 
Regulation  of  Wages   under 

Sliding  Scales    10  0  0 

Prehistoric    Race    in    Greek 

Islands 20  0  0 

North-Westem  Tribes  of  Ca- 
nada      50  0  0 

£996  0  6 


1887. 

Solar  Radiation 18  10 

Electrolysis 30  0 

Ben  Nevis  Observatory 76  0 

Standards    of    Light    (1886 

grant) 20  0 

Standards    of     Light    (1887 

grant) 10  0 

Harmonic  Analysis  of  Tidal 

Observations 15  0 

Magnetic  Observations 26  2 

Electrical  Standards 60  0 

Silent  Discharge  of  Electricity  20  0 

Absorption  Spectra   40  0 

Nature  of  Solution    20  0 

Influence  of  Silicon  on  Steel  30  0 
Volcanic  Phenomena  of  Vesu- 
vius    20  0 

Volcanic  Phenomena  of  Japan 

(1886  grant)  60  0 

Volcanic  Phenomena  of  Japan 

(1887  grant)  60  0 

Cae  Gwyn  Cave,  N.  Wales  ...  20  0 

Erratic  Blocks    10  0 

Fossil  Phyllopoda 20  0 

Coal  Plants  of  Halifax 25  0 

Microscopic  Structure  of  the 

Rocks  of  Anglesey 10  0 

Exploration  of    the    Eocene 

Beds  of  the  Isle  of  Wight. . .  20  0 

Underground  Waters    5  0 

*  Manure '  Gravels  of  Wexford  10  0 

Provincial   Museums  Reports  5  0 

Lymphatic  System    25  0 

Naples  Biological  Station    ...  100  0 

Plymouth  Biological  Station  60  0 
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Oranton  Biological  Station ...    76  0  0 

Zoological  Record 100  0  0 

Flora  of  China  75  0  0 

Flora    and    Faana    of    the 

Cameroons 75  0  0 

Migration  of  Birds    30  0  0 

Bathj-hypsographical  Map  of 

Britiflh  Isles   7  6  0 

Regulation  of  Wages    10  0  0 

PrSiistoric    Race    of    Greek 

Islands 20  0  0 

Racial  Photographs,  Egyptian    20  0  0 

£1186  18  0 


1888. 

Ben  Nevis  Observatory 1 60  0  0 

Electrical  Standards 2  6  4 

Magnetic  Observations 15  0  0 

Standards  of  Light   79  2  3 

Electrolysis    30  0  0 

Uniform     Nomenclature     in 

Mechanics  10  0  0 

Silent    Discharge    of    Elec- 
tricity    9  11  10 

Properties  of  Solutions     25  0  0 

Influence  of  Silicon  on  Steel  20  0  0 
Methods  of  Teaching  Chemis- 
try   10  0  0 

Isomeric  Naphthalene  Deriva- 
tives   25  0  0 

Action  of  Light  on  Hydracids  20  0  0 

Sea  Beach  near  Bridlington...  20  0  0 

Geological  Record 50  0  0 

Manure  Gravels  of  Wexford...  10  0  0 

Erosion  of  Sea  Coasts  10  0  0 

Underground  Waters    5  0  0 

Pakeontographical  Society  ...  50  0  0 
Pliocene  Fauna  of  St.  Erth...  50  0  0 
Carboniferous  Flora  of  Lan- 
cashire and  West  Yorkshire  25  0  0 
Volcanic  Phenomena  of  Vesu- 
vius   20  0  0 

Zoology  and  Botany  of  West 

Indies 100  0  0 

Flora  of  Bahamas 100  0  0 

Development  of  Fishes — St. 

Andrews i.  50  0  0 

Marine  Laboratory,  Plymouth  100  0  0 

Migration  of  Birds    30  0  0 

Flora  of  China  75  0  0 

Naples  Zoological  Station    ...  100  0  0 

Lymphatic  System    25  0  0 

Biological  Station  at  Granton  50  0  0 

Peradeniya  Botanical  Station  50  0  0 

Development  of  TeleoFtei    ...  15  0  0 
Depth  of  frozen  Soil  in  Polar 

Regions  5  0  0 

PreciousMetals  in  Circulation  20  0  0 
Value  of  Monetary  Standard  10  0  0 
Effect  of  Occupations  on  Phy- 
sical Development 25  0  0 


£    i,  d 
North-Westem      Tribes     of 

Canada    100    0    0 

Prehistoric    Race    in    Greek 

Islands 20    0    0 

/1511~0"  5 


(f 
0 
0 
0 


1889. 

Ben  Nevis  Observatory 50  0    0 

Electrical  Standards 75  0    0 

Electrolysis 20  0    0 

Surface  Water  Temperature...     30  0    0 
Silent  Discharge  of  Electricity 

on  Oxygen  6  4     8 

Methods  of  teaching  Chemis- 
try         10  0 

Action  of  Light  on  Hydracids     10  0 

Geological  Record 80  0 

Volcanic  Phenomena  of  Japan    25  0 
Volcanic  Phenomena  of  Vesu- 
vius      20  0    0 

PaliBozoic  Phyllopoda  20  0    0 

Higher  Eocene  Beds  of  Isle  of 

Wight 15  0    0 

West  Indian  Explorations   ...  100  0    0 

Flora  of  China  25  0    0 

Naples  Zoological  Station    ...  100  0    0 
Physiology      of     Lymphatic 

System    25  0    0 

Experiments  with  a  Tow-net      5  16    3 
Natural  History  of  Friendly 

Islands 100  0    0 

Geology  and    Geography    of 

Atlas  Range 100  0    0 

Action  of  Waves  and  Currents 

in  Estuaries    100  0    0 

North-Westem      Tribes      of 

Canada    150  0    0 

Nomad  Tribes  of  Asia  Minor    30  0    0 

Corresponding  Societies  20  0    0 

Marine  Biological  Association  200  0    0 

*  Baths  Committee,'  Bath......  100  0    0 

:^14r7~0ll 


1890. 

Electrical  Standards 12  17  0 

Electrolysis    6  0  0 

Electro-optics .'SO  0  0 

Mathematical  Tables    25  0  0 

Volcanic    and    Seismological 

Phenomena  of  Japan    75  0  0 

Pellian  Equation  Tables 15  0  0 

Properties  of  Solutions    10  0  0 

International  Standard  for  the 

Analysis  of  Iron  and  Steel  10  0  0 
Influence  of  the  Silent  Dis- 
charge   of    Electricity  on 
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General  Meeiivgs, 

On  Wednesday,  August  8,  at  8  p.m.,  in  the  Sheldonian  Theatre, 
Professor  J.  S.  Burdon  Sanderson,  M.A.,  M.D.,  LL.D.,  D.C.L.,  F.R.S., 
F.R.S.E.,  resigned  the  office  of  President  to  the  Most  Hon.  the  Marquis 
of  Salisbur}',  K.G.,  D.C.L.,  F.R.S.,  Chancellor  of  the  University  of 
Oxford,  who  took  the  Chair,  and  delivered  an  Address,  for  which  see 
page  3. 

On  Thursday,  August  9,  at  8.30  p.m.,  a  Soiree  took  place  at  the 
Museum. 

On  Friday,  August  10,  at  8.30  P.M.,  in  the  Sheldonian  Theatre, 
Dr.  J.  W.  Gregory,  F.G.S.,  delivered  a  discourse  on  *  Experiences  and 
Prospects  of  African  Exploration.' 

On  Monday,  August  13,  at  8.30  P.M.,  in  the  Sheldonian  Theatre, 
Professor  J.  Shield  Nicholson,  M.  A.,  delivered  a  discourse  on  *  Historical 
Progress  and  Ideal  Socialism.' 

On  Tuesday,  August  14,  at  8.30  P.M.,  a  Soiree  took  place  at  the  New 
Examination  Schools. 

On  Wednesday,  August  15,  at  2.30  P.M.,  in  tlie  New  Examination 
Schools,  the  concluding  General  Meeting  took  place,  when  the  Proceedings 
of  the  General  Committee  and  the  Grants  of  Money  for  Scientific  Purposes 
were  explained  to  the  Members. 

The  Meeting  was  then  adjourned  to  Ipswich.  [The  IMeeting  is 
appointed  to  commence  on  Wednesday,  September  11,  1895.] 
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ADDRESS 

BT 

THE  MOST  HON.   THE  MAEQUIS  OF  SALISBUKY, 

K.G.,  D.C.L.,  F.R.S.,  Chancellor  of  the  University  of  Oxford, 
PRESIDENT. 


My  functions  are  of   a   more   complicated  character  than  usually  is 
assigned  to  the  occupants  of  this  Chair.     As  Chancellor  of  the  University 
it  is  my  duty  to  tender  to  the  British  Association  a  hearty  welcome,  which 
it  is  my  duty  as  President  of  the  Association  to  accept.     As  President  of 
the  Association  I  convey,  most  unworthily,  the  voice  of  English  science, 
as  many  worthy  and  illustrious  Presidents  have  done  before  me  ;  but  in 
representing  the  University  I  represent  far  more  fittingly  the  learners 
who  are  longing  to  hear  the  lessons  which  the  first  teachers  of  English 
science  have  come  as  visitors  to  teach.     I  am  bound  to  express  on  behalf 
of  the  University  our  sense  of  the  good  feeling  towards  that  body  which 
is  the  motive  of  this  unusual  arrangement.     But  as  far  as  I  am  personally 
concerned,  it  is  attended  with  some  embarrassing  results.     In  presence  of 
the  high  priests  of  science  I  am  only  a  layman,  and  all  the  skill  of  all  the 
chemists  the  Association  contains  will  not  transmute  a  layman  into  any 
more  precious  kind  of  metal.     Yet  it  is  my  hard  destiny  to  have  to  address 
on  scientific  matters  probably  the  most  competent  scientific  audience  in 
the  world.     If  a  country  gentleman,  who  was  also  a  colonel  of  Volun- 
teers, were  by  any  mental  aberration  on  the  part  of  the  Commander-in- 
Chief  to  be  appointed  to  review  an  army  corps  at  Aldershot,  all  military 
men  would  doubtless  feel  a  deep  compassion  for  his  inevitable  fate.     I 
bespeak  some  spark  of  that  divine  emotion  when  I  am  attempting  to 
discharge  under  similar  conditions  a  scarcely  less  hopeless  duty.     At  least, 
however,  I  have  the  consolation  of  feeling  that  I  am  free  from  some  of  the 
anxieties  which  have  fallen  to  those  who  have  preceded  me  as  Presidents 
in  this  city.     The  relations  of  the  Association  and  the  University  are 
those  of  entire  sympathy  and  good  will,  as  becomes  common  workers  in 
the  sacred  cause  of  diffusing  enlightenment  and  knowledge.     But  we  must 
admit  that  it  was  not  always  so.    A  curious  record  of  a  very  different 
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state  of  feeling  came  to  light  last  year  in  the  interesting  biography  of  Dr. 
Posey,  which  is  the  posthumous  work  of  Canon  Liddon.     In  it  is  related 
the  first  visit  of  the  Association  to  Oxford  in  1832.     Mr.  Keble,  at  that 
time  a  leader  of  University  thought^  writes  indignantly  to  his  friend  to 
complain  that  the  honorary  degree  of  D.C.L.  had  been  bestowed  upon 
some  of  the  most  distinguished  members  of  the  Association  :  *  The  Oxford 
Doctors/  he  says,   'have  truckled  sadly  to  the  spirit  of  the  times  in 
receiving  the  hodge-podge  of  philosophers  as  they  did.'    It  is  amusing,  at 
this  distance  of  time,  to  note  the  names  of  the  hodge-podge  of  philosophers 
whose  academical  distinctions  so  sorely  vexed  Mr.  Keble's  gentle  spirit. 
They  were  Brown,  Brewster,  Faraday,  and  Dalton.     When  we  recollect 
the  lovable  and  serene  character  of  Keble's  nature,  and  that  he  was  at 
that  particular  date  probably  the  man  in  the  University  who  had  the 
greatest  power  over  other  men's  minds,  we  can  measure  the  distance  we 
have  traversed  since  that  time  ;  and  the  rapidity  with  which  the  con- 
verging paths  of  these  two  intellectual  luminaries,  the  University  and  the 
Association,  have  approximated  to  each  other.     This  sally  of  Mr.  Keble's 
was  no  passing  or  accidental  caprice.     It  represented  a  deep-seated  senti^ 
ment  in  this  place  of  learning,  which  had  its  origin  in  historic  causes, 
and  which  has  only  died  out  in  our  time.     One  potent  cause  of  it  was 
that  both  bodies  were  teachers  of  science,  but  did   not  then  in  any 
degree  attach  the  same  meaning  to  that  word.     Science  with  the  Univer- 
sity for  many  generations  bore  a  signification  different  from  that  which 
belongs  to  it  in  this  assembly.     It  represented  the  knowledge  which  alone 
in  the  Middle  Ages  was  thought  worthy  of  the  name  of  science.     It  was 
the  knowledge  gained  not  by  external  observation,  but  by  mere  reflection. 
The  student's  microscope  was  turned  inward  upon   the  recesses  of   his 
own  brain ;  and  when  the  supply  of  facts  and  realities  failed,  as  it  very 
speedily  did,  the  scientific  imagination  was  not  wanting  to  furnish  to 
successive  generations  an  interminable  series  of  conflicting  speculations. 
That   science— science  in   our  academical   sense— had  its  day  of  rapid 
growth,  of  boundless  aspiration,  of  enthusiastic  votaries.     It  fascinated 
the  rising  intellect  of  the  time,  and  it  is  said — people  were  not  particular 
about  figures  in  those  days — that  its  attractions  were  at  one  time  potent 
enough  to  gather  round  the  University  thirty  thousand  students,  who  for 
the  sake  of  learning  its  teaching  were  willing  to  endure  a  life  of  the 
severest  hardship.      Such   a   state  of  feeling  is  now  an  archaeological 
curiosity.     The  revolt  against  Aristotle  is  now  some  three  centuries  old. 
But  the  mental  sciences  which  were  supposed  to  rest  upon  his  writings 
have  retained  some  of  their  ascendency  even  till  this  day,  and  have  only 
slowly  and  jealously  admitted  the  rivalry  of  the  growing  sciences   of 
observation.     The  subject  is  interesting  to  us,  as  this  undecided  state 
of  feeling  coloured  the  experiences  of  this  Association  at  its  last  Oxford 
visit,  nearly  a  generation  later,  in  1860.     The  warmth  of  the  encounters 
which  then  took  place  have  left  a  vivid  impression  on  the  minds  of  those 
who  are  old  enough  to  have  witnessed  them.     That  much  energy  was  on 
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that  occasion  converted  into  heat  may,  I  think,  be  inferred  from  the 
mutual  distance  which  the  two  bodies  have  since  maintained.  Whereas 
the  visit  of  1832  was  succeeded  by  another  visit  in  fifteen  years,  and  the 
visit  of  1847  was  succeeded  by  another  visit  in  thirteen  years,  the  year 
1860  was  followed  by  a  long  and  dreary  interval  of  separation,  which  has 
only  now,  after  four-and-thirty  years,  been  terminated.  It  has  required 
the  lapse  of  a  generation  to  draw  the  curtain  of  oblivion  over  those 
animated  scenes.  It  was  popularly  supposed  that  deep  divergences  upon 
questions  of  religion  were  the  motive  force  of  those  high  controversies. 
To  some  extent  that  impression  was  correct.  But  men  do  not  always 
discern  the  motives  which  are  really  urging  them,  and  I  suspect  that  in 
many  cases  religious  apprehensions  only  masked  the  resentment  of  the 
older  learning  at  the  appearance  and  claims  of  its  younger  rival.  In  any 
case  there  is  something  worthy  of  note,  and  something  that  conveys 
encouragement,  in  the  difference  of  the  feeling  which  prevails  now  and 
the  feeling  that  was  indicated  then.  Few  men  are  now  influenced  by  the 
strange  idea  that  questions  of  religious  belief  depend  on  the  issues  of 
physical  research.  Few  men,  whatever  their  creed,  would  now  seek  their 
geology  in  the  books  of  their  religion,  or,  on  the  other  hand,  would  fancy 
that  the  laboratory  or  the  microscope  coald  help  them  to  penetrate  the 
mysteries  which  hang  over  the  nature  and  the  destiny  of  the  soul  of  man. 
And  the  old  learning  no  longer  contests  the  share  in  edacation  which  is 
claimed  by  the  new,  or  is  blind  to  the  supreme  influence  which  natural 
knowledge  is  exercising  in  moulding  the  human  mind. 

A  study  of  the  addresses  of  my  learned  predecessors  in  this  office 
shows  me  that  the  main  duty  which  it  falls  to  a  President  to  perform  in 
his  introductory  address,  is  to  remind  you  of  the  salient  points  in  the 
annals  of  science  since  last  the  Association  visited  the  town  in  which  he 
is  speaking.  Most  of  them  have  been  able  to  lay  before  you  in  all  its 
interesting  detail  the  history  of  the  particular  science  of  which  each  one 
of  them  was  the  eminent  representative.  If  I  were  to  make  any  such 
attempt  I  should  only  be  telling  you  with  very  inadequate  knowledge  a 
story  which  it  from  time  to  time  told  you,  as  well  as  it  can  be  told,  by 
men  who  are  competent  to  deal  with  it.  It  will  be  more  suitable  to  my 
capacity  if  I  devote  the  few  observations  I  have  to  make  to  a  survey  not 
of  our  science  but  of  our  ignorance.  We  live  in  a  small  bright  oasis  of 
knowledge  surrounded  on  all  sides  by  a  vast  unexplored  region  of  im- 
penetrable mystery.  From  age  to  age  the  strenuous  labour  of  successive 
generations  wins  a  small  strip  from  the  desert  and  pushes  forward  the 
boundary  of  knowledge.  Of  such  triumphs  we  are  justly  proud.  It  is  a 
less  attractive  task— but  yet  it  has  its  fascination  as  well  as  its  uses — to 
turn  our  eyes  to  the  undiscovered  country  which  still  remains  to  be  won, 
to  some  of  the  stupendous  problems  of  natural  study  which  still  defy  our 
investigation.  Instead,  therefore,  of  recounting  to  you  what  has  been 
done,  or  trying  to  forecast  the  discoveries  of  the  future,  I  would  rather 
draw  your  attention  to  the  condition  in  which  we  stand  towards  three  or 
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four  of  the  most  important  physical  questions  which  it  has  been  the  effort 
of  the  last  century  to  solve. 

Of  the  scientific  enigmas  which  still,  at  the  end  of  the  nineteenth 
century,  defy  solution,  the  nature  and  origin  of  what  are  called  the 
elements  is  the  most  notable.  It  is  not,  perhaps,  easy  to  give  a  precise 
logical  reason  for  the  feeling  that  the  existence  of  our  sixty-five  elements 
is  a  strange  anomaly  and  conceals  some  much  simpler  state  of  facts.  Bat 
the  conviction  is  irresistible.  We  cannot  conceive,  on  any  possible 
doctrine  of  cosmogony,  how  these  sixty -five  elements  came  into  existence. 
A  third  of  them  form  the  substance  of  this  planet.  Another  third  are 
useful,  but  somewhat  rare.  The  remaining  third  are  curiosities  scattered 
haphazard,  but  very  scantily,  over  the  globe,  with  no  other  apparent  function 
but  to  provide  occupation  for  the  collector  and  the  chemist.  Some  of  them 
are  so  like  each  other  that  only  a  chemist  can  tell  them  apart :  others  differ 
immeasurably  from  each  other  in  every  conceivable  particular.  In  co- 
hesion, in  weight,  in  conductivity,  in  melting-point,  in  chemical  proclivitiea 
they  vary  in  every  degree.  They  seem  to  have  as  much  relation  to  each 
other  as  the  pebbles  on  a  sea  beach,  or  the  contents  of  an  ancient  lumber 
room.  Whether  you  believe  that  Creation  was  the  work  of  design  or  of 
inconscient  law,  it  is  equally  difficult  to  imagine  how  this  random  collection 
of  dissimilar  materials  came  together.  Many  have  been  the  attempts  to 
solve  this  enigma ;  but  up  till  now  they  have  left  it  more  impenetrable 
than  before.  A  conviction  that  here  was  something  to  discover  lay  beneath 
the  persistent  belief  in  the  possibility  of  the  transmutation  of  other  metals 
into  gold,  which  brought  the  alchemy  of  the  Middle  Ages  into  being. 
When  the  immortal  discovery  of  Dalton  established  that  the  atoms  of 
each  of  these  elements  have  a  special  weight  of  their  own,  and  that  con- 
sequently they  combine  in  fixed  ponderable  proportions  from  which  they 
never  depart,  it  renewed  the  hope  that  some  common  origin  of  the  elements 
was  in  sight.  The  theory  was  advanced  that  all  these  weights  were 
multiples  of  the  weight  of  hydrogen — in  other  words,  that  each  elementary 
atom  was  only  a  greater  or  a  smaller  number  of  hydrogen  atoms  compacted 
by  some  strange  machinery  into  one.  The  most  elaborate  an^yses,  con- 
ducted by  chemists  of  the  highest  eminence — conspicuously  by  the 
illustrious  Stas — were  directed  to  the  question  whether  there  was  any 
trace  in  fact  of  the  theoretic  idea  that  the  atoms  of  each  element  consist 
of  so  many  atoms  or  even  of  so  many  half -atoms  of  hydrogen.  But  the 
reply  of  the  laboratories  has  always  been  clear  and  certain — that  there  is 
not  in  the  facts  the  faintest  foundation  for  such  a  theory. 

Then  came  the  discovery  of  the  spectral  analysis,  and  men  thought 
that  with  an  instrument  of  such  inconceivable  delicacy  we  should  at  last 
find  out  something  as  to  the  nature  of  the  atom.  The  result  has  been 
wholly  disappointing.  Spectral  analysis  in  the  hands  of  Dr.  Huggins  and 
Mr.  Lockycr  and  others  has  taught  us  things  of  which  the  world  little 
expected  to  be  told.  We  have  been  enabled  to  measure  the  speed  with 
which  clouds  of  blazing  hydrogen  course  across  the  surface  of  the  sun  : 
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we  have  learnt  the  pace — the  fabulous  pace — at  which  the  most  familiar 
stars  have  been  for  ages  approaching  to  or  receding  from  our  planet, 
without  apparently  affecting  the  proportions  of  the  patterns  which  as  far 
as  historical  record  goes  back  they  have  always  delineated  on  the  even- 
ing sky.  We  have  received  some  information  aboub  the  elementary  atoms 
themselves.  We  Have  learnt  that  each  sort  of  atom  when  heated  strikes 
upon  the  ether  a  vibration,  or  set  of  vibrations,  whose  rate  is  all  its  own  ; 
and  that  no  one  atom  or  combination  of  atoms  in  producing  its  own  spec- 
ti-um  encroaches  even  to  the  extent  of  a  single  line  upon  the  spectrum 
that  is  peculiar  to  its  neighbour.  We  have  learnt  that  the  elements 
which  exist  in  the  stars  and  specially  in  the  sun  are  mainly  those  with 
which  we  are  familiar  upon  earth.  There  are  a  few  lines  in  excess  to 
which  we  can  give  no  terrestrial  name ;  and  there  are  some  still  more 
puzzling  gaps  in  our  list.  It  is  a  great  aggravation  of  the  mystery 
which  besets  the  question  of  the  elements,  that  among  the  lines  which 
are  absent  from  the  spectrum  of  the  sun,  those  of  nitrogen  and  oxygen 
stand  first.  Oxygen  constitutes  the  largest  portion  of  the  solid  and  liquid 
substance  of  our  planet,  so  far  as  we  know  it ;  and  nitrogen  is  very  far  the 
predominant  constituent  of  our  atmosphere.  If  the  earth  is  a  detached 
bit  whirled  off  the  mass  of  the  sun,  as  cosmogonists  love  to  tell  us,  how 
<x>mes  it  that  in  leaving  the  sun  we  cleaned  him  out  so  completely  of  his 
nitrogen  and  oxygen  that  not  a  trace  of  these  gases  remains  behind  to 
be  discovered  even  by  the  sensitive  vision  of  the  spectroscope  1 

All  these  things  the  discovery  of  spectrum  analysis  has  added  to  our 
knowledge;  but  it  has  left  us  as  ignorant  as  ever  as  to  the  nature  of 
the  capricious  differences  which  separate  the  atoms  from  each  other,  or 
the  cause  to  which  those  differences  are  due. 

In  the  last  few  years  the  same  enigma  has  been  approached  from  another 
point  of  view  by  Mr.  Newlands  and  Professor  Mendel^ff.  The  periodic 
law  which  they  have  discovered  reflects  on  them  all  the  honour  that  can  be 
earned  by  ingenious,  laborious,  and  successful  research.  The  Professor  has 
shown  that  this  perplexing  list  of  elements  can  be  divided  into  families  of 
about  seven,  speaking  very  roughly  :  that  those  families  all  resemble  each 
other  in  this,  that  as  to  weight,  volume,  heat,  and  laws  of  combination 
the  members  of  each  family  are  ranked  among  themselves  in  obedience  to 
the  same  rule.  Each  family  differs  from  the  others  ;  but  each  internally 
is  constructed  upon  the  same  plan.  It  was  a  strange  discovery — strangest 
of  all  in  its  manifest  defects.  For  in  the  plan  of  his  families  there  were 
blanks  left;  places  not  filled  up  because  the  properly  constituted  elements 
required  according  to  his  theory  had  not  been  found  to  fill  them.  For  the 
moment  their  absence  seemed  a  weakness  in  the  Professor's  idea,  and 
g^ve  an  arbitrary  aspect  to  his  scheme.  But  the  weakness  was  turned 
into  strength  when,  to  the  astonishment  of  the  scientific  world,  three  of 
the  elements  which  were  missing  made  their  appearance  in  answer  to  his 
caJl.  He  had  described  beforehand  the  qualities  they  ought  to  have ; 
and  gallium,  germanium,  and  scandium,  when    they  were    discovered 

Digitized  by  VjOOQIC 


8  REPORT — 1894. 

shortly  after  the  publication  of  his  theory,  were  found  to  be  duly  clothed 
with  the  qualities  he  required  in  each.  This  remarkable  confirmation  has  left 
Mendel^ff's  periodic  law  in  an  unassailable  position.  But  it  has  rather 
thickened  than  dissipated  the  mystery  which  hangs  over  the  elements. 
The  discovery  of  these  co-ordinate  families  dimly  points  to  some  identical 
origin,  without  suggesting  the  method  of  their  genesis  or  the  nature  of 
their  common  parentage.  If  they  were  organic  beings  all  our  difficulties 
would  be  solved  by  muttering  the  comfortable  word  'evolution' — one 
of  those  indefinite  words  from  time  to  time  vouchsafed  to  humanity, 
which  have  the  gift  of  alleviating  so  many  perplexities  and  masking  so 
many  gaps  in  our  knowledge.  But  the  families  of  elementary  atoms  do 
not  breed  ;  and  we  cannot  therefore  ascribe  their  ordered  difi^erence  to 
accidental  variations  perpetuated  by  heredity  under  the  influence  of 
natural  selection.  The  rarity  of  iodine,  and  the  abundance  of  its  sister 
chlorine,  cannot  be  attributed  to  the  survival  of  the  fittest  in  the  struggle 
for  existence.  We  cannot  account  for  the  minute  difference  which  per- 
sistently distinguishes  nickel  from  cobalt,  by  ascribing  it  to  the  recent 
inheritance  by  one  of  them  of  an  advantageous  variation  from  the  parent 
stock. 

The  upshot  is  that  all  these  successive  triumphs  of  research,  Dalton's, 
Kirchhoff 's,  Mendel^ff's,  greatly  as  they  have  added  to  our  store  of  know- 
ledge, have  gone  but  little  way  to  solve  the  problem  which  the  elemen- 
tary atoms  have  for  centuries  presented  to  mankind.  What  the  atom  of 
each  element  is,  whether  it  is  a  movement,  or  a  thing,  or  a  vortex,  or  a 
point  having  inertia,  whether  there  is  any  limit  to  its  divisibility,  and,  if 
so,  how  that  limit  is  imposed,  whether  the  long  list  of  elements  is  final,  or 
whether  any  of  them  have  any  common  origin,  all  these  question^  remain 
surrounded  by  a  darkness  as  profound  as  ever.  The  dream  which  lured 
the  alchemists  to  their  tedious  labours,  and  which  may  be  said  to  have 
called  chemistry  into  being,  has  assuredly  not  been  realised,  but  it  has  not 
yet  been  refuted.  The  boundary  of  our  knowledge  in  this  direction  re- 
mains where  it  was  many  centuries  ago. 

The  next  discussion  to  which  I  should  look  in  order  to  find  unsolved 
riddles  which  have  hitherto  defied  the  scrutiny  of  science,  would  be  the 
question  of  what  is  called  the  ether.  The  ether  occupies  a  highly  anoma»- 
lous  position  in  the  world  of  science.  It  may  be  described  as  a  half- 
discovered  entity.  I  dare  not  use  any  less  pedantic  word  than  entity  to 
designate  it,  for  it  would  be  a  great  exaggeration  of  our  knowledge  if  I 
were  to  speak  of  it  as  a  body  or  even  as  a  substance.  When  nearly  a 
century  ago  Young  and  Fresnel  discovered  that  the  motions  of  an  incan- 
descent particle  were  conveyed  to  our  eyes  by  undulation,  it  followed  that 
between  our  eyes  and  the  particle  there  must  be  something  to  undulate. 
In  order  to  furnish  that  something,  the  notion  of  the  ether  was  conceived, 
and  for  more  than  two  generations  the  main,  if  not  the  only,  function  of 
the  word  ether  has  been  to  furnish  a  nominative  case  to  the  verb  '  to  un- 
dulate.'   Lately,  our  conception  of  this  entity  has  received  a  notable 
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extension.  One  of  the  most  brilliant  of  the  services  which  Professor 
Maxwell  has  rendered  to  science  has  been  the  discovery  that  the  figure 
which  expressed  the  velocity  of  light  also  expressed  the  multiplier 
required  to  change  the  mecLSure  of  static  or  passive  electricity  into  that  of 
dynamic  or  active  electricity.  The  interpretation  reasonably  affixed  to 
this  discovery  is  that,  as  light  and  the  electric  impulse  move  approximately 
at  the  same  rate  through  space,  it  is  probable  that  the  undulations  which 
convey  them  are  undulations  of  the  same  medium.  And  as  induced 
electricity  penetrates  through  everything,  or  nearly  everything,  it  follows 
that  the  ether  through  which  its  undulations  are  propagated  must  pervade 
all  space,  whether  empty  or  full,  whether  occupied  by  opaque  matter  or 
transparent  matter,  or  by  no  matter  at  all.  The  attractive  experiments 
by  which  the  late  Professor  Herz  illustrated  the  electric  vibrations  of  the 
ether  will  only  be  alluded  to  by  me  in  order  that  I  may  express  the 
regret  deeply  and  generally  felt  that  death  should  have  terminated  pre- 
maturely the  scientific  career  which  had  begun  with  such  brilliant  promise 
and  such  fruitful  achievements.  But  the  mystery  of  the  ether,  though  it 
has  been  made  more  fascinating  by  these  discoveries,  remains  even  more 
inscrutable  than  before.  Of  this  all-pervading  entity  we  know  absolutely 
nothing  except  this  one  fact,  that  it  can  be  made  to  undulate.  Whether, 
outside  the  influence  of  matter  on  the  motion  of  its  waves,  ether  has  any 
effect  on  matter  or  matter  upon  it,  is  absolutely  unknown.  And  even  its 
solitary  function  of  undulating,  ether  performs  in  an  abnormal  fasliion 
which  has  caused  infinite  perplexity.  All  fluids  that  we  know  transmit 
any  blow  they  have  received  by  waves  which  undulate  backwards  and 
forwards  in  the  path  of  their  own  advance.  The  ether  undulates  athwart 
the  path  of  the  wave's  advance.  The  genius  of  Lord  Kelvin  has  recently 
discovered  what  he  terms  a  labile  state  of  equilibrium,  in  which  a  fluid  that 
is  infinite  in  its  extent  may  exist,  and  may  undulate  in  this  eccentric 
fashion  without  outraging  the  laws  of  mathematics.  I  am  no  mathema- 
tician, and  I  cannot  judge  whether  this  reconciliation  of  the  action  of  the 
ether  with  mechanical  law  is  to  be  looked  upon  as  a  permanent  solution 
of  the  question,  or  is  only  what  diplomatists  call  a  modus  vivendi.  In  any 
case  it  leaves  our  knowledge  of  the  ether  in  a  very  rudimentary  condition. 
It  has  no  known  qualities  except  one,  and  that  quality  is  in  the  highest 
degree  anomalous  and  inscrutable.  The  extended  conception  which 
enables  us  to  recognise  ethereal  waves  in  the  vibrations  of  electricity  has 
added  infinite  attraction  to  the  study  of  those  waves,  but  it  carries  its  own 
diflSculties  with  it.  It  is  not  easy  to  fit  in  the  theory  of  electrical  ether 
waves  with  the  phenomena  of  positive  and  negative  electricity,  and  as  to 
the  true  significance  and  cause  of  .those  counteracting  and  complementary 
forces,  to  which  we  give  the  provisional  names  of  negative  and  positive, 
we  know  about  as  much  now  as  Franklin  knew  a  century  and  a  half  ago. 
I  have  selected  the  elementary  atoms  and  the  ether  as  two  instances 
of  the  obscurity  that  still  hangs  over  problems  which  the  highest  scientific 
intellects  have  been  investigating  for    several    generations.     A    more 
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striking  but  more  obvious  instance  still  is  Life— animal  and  vegetable 
Life — ^the  action  of  an  unknown  force  on  ordinary  matter.  What  is  the 
mysterious  impulse  which  is  able  to  strike  across  the  ordinary  laws  of 
matter,  and  twist  them  for  a  moment  from  their  path  9  Some  people 
demur  to  the  use  of  the  term  *  vital  force '  to  designate  this  impulse.  In 
their  view  the  existence  of  such  a  force  is  negatived  by  the  fact  that 
chemists  have  been  able  by  cunning  substitutions  to  produce  artificially 
the  pecidiar  compounds  which  in  nature  are  only  found  in  organisms  that 
are  or  have  been  living.  These  compounds  are  produced  by  some  living 
organism  in  the  performance  of  the  ordered  series  of  functions  proper  to 
its  brief  career.  To  counterfeit  them — as  has  been  done  in  numerous 
oases — does  not  enable  us  to  do  what  the  vital  force  alone  can  effect — to 
bring  the  organism  itself  into  existence,  and  to  cause  it  to  run  its  appointed 
course  of  change.  This  is  the  unknown  force  which  continues  to  defy  not  only 
our  imitation  but  our  scrutiny.  Biology  has  been  exceptionally  active  and 
successful  during  the  last  half -century.  Its  triumphs  have  been  brilliant, 
and  they  have  been  rich  enough  not  only  in  immediate  result  but  in  the 
promise  of  future  advance.  Yet  they  give  at  present  no  hope  of  penetrat- 
ing the  great  central  mystery.  The  progress  which  has  been  made  in  the 
study  of  microscopic  life  has  been  very  striking,  whether  or  not  the  results 
which  are  at  present  inferred  from  it  can  be  taken  as  conclusive.  Infini- 
tesimal bodies  found  upon  the  roots  of  plants  have  the  proud  office  of 
capturing  and  taming  for  us  the  free  nitrogen  of  the  air,  which,  if  we  are 
to  live  at  all,  we  must  consume  and  assimilate,  and  yet  which,  without 
the  help  of  our  microscopic  ally,  we  could  not  draw  for  any  useful  purpose 
from  the  ocean  of  nitrogen  in  which  we  live.  Microscopic  bodies  are 
convicted  of  causing  many  of  the  worst  diseases  to  which  flesh  is  heir, 
and  the  guilt  of  many  more  will  probably  be  brought  home  to  them  in  due 
time  ;  and  they  exercise  a  scarcely  less  sinister  or  less  potent  influence  on 
our  race  by  the  plagues  with  which  they  destroy  some  of  the  most  valuable 
fruits  of  husbandry,  such  as  the  potato,  the  mulberry,  and  the  vine. 
Almost  all  their  power  resides  in  the  capacity  of  propagating  their  kind 
with  infinite  rapidity,  and  up  to  this  time  science  has  been  more  skilful  in 
describing  their  ravages  than  in  devising  means  to  hinder  them.  It  would 
be  ungrateful  not  to  mention  two  brilliant  exceptions  to  this  criticism. 
The  antiseptic  surgery  which  we  owe  chiefly  to  Lister ;  and  the  inocula- 
tion against  anthrax,  hydrophobia,  and  perhaps  some  other  diseases, 
which  we  owe  to  Pasteur,  must  be  recorded  as  splendid  victories  over  the 
countless  legions  of  our  infinitesimal  foes.  Results  like  these  are  the  great 
glory  of  the  scientific  workers  of  the  past  century.  Men  may,  perhaps, 
have  overrated  the  progress  of  nineteenth -century  research  in  opening 
the  secrets  of  nature  ;  but  it  is  difficult  to  overrate  the  brilliant  service  it 
has  rendered  in  ministering  to  the  comforts  and  diminishing  the  suflTerings 
of  mankind. 

If  we  are  not  able  to  see  far  into  the  causes  and  origin  of  life  in  our 
own  day,  it  is  not  probable  that  we  shall  deal  more  successfully  with  the 
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problem  as  it  arose  many  million  years  ago.  Yet  certainly  the  most 
conspicttoos  event  in  the  scientific  annals  o£  the  last  half- century  has  been 
the  publication  of  Mr.  Darwin's  work  on  the  '  Origin  of  Species,'  which 
appeared  in  1859.  In  some  respects,  in  the  depth  of  the  impression  which 
it  made  on  scientific  thought,  and  even  on  the  general  opinion  of  the 
world,  its  momentous  efiect  can  hardly  be  overstated.  But  at  this  dis- 
tance of  time  it  is  possible  to  see  that  some  of  its  success  has  been  due  to 
adventitious  circumstances.  It  has  had  the  chance  of  enlisting  among  its 
champions  some  of  the  most  powerful  intellects  of  our  time,  and  perhaps 
the  still  happier  fortune  of  appearing  at  a  moment  when  it  furnished  an 
armoury  of  weapons  to  men,  who  were  not  scientific,  for  use  in  the  bitter 
but  transitory  polemics  of  the  day.  But  far  the  largest  part  of  its 
accidental  advantages  was  to  be  found  in  the  remarkable  character  and 
qualifications  of  its  author.  The  equity  of  judgment,  the  simple-minded 
love  of  truth  and  the  patient  devotion  to  the  pursuit  of  it  through  years 
of  toil  and  of  other  conditions  the  most  unpropitious — ^these  things  en- 
deared to  numbers  of  men  everything  that  came  from  Charles  Darwin 
apart  from  its  scientific  merit  or  literary  charm.  And  whatever  final 
value  may  be  assigned  to  his  doctrine,  nothing  can  ever  detract  from  the 
lustre  shed  upon  it  by  the  wealth  of  his  knowledge  and  the  infinite  in- 
genuity of  his  resourca  The  intrinsic  power  of  his  theory  is  shown  at 
least  in  this  one  respect,  that  in  the  department  of  knowledge  with  which 
it  is  concerned  it  has  effected  an  entire  revolution  in  the  methods  of 
research.  Before  his  time  the  study  of  living  nature  had  a  tendency  to 
be  merely  statistical ;  since  his  time  it  has  become  predominantly  historical. 
The  consideration  how  an  organic  body  came  to  be  what  it  is  occupies  a 
far  larger  area  in  any  inquiry  now  than  the  mere  description  of  its  actual 
condition  ;  but  this  question  was  not  predominant — ^it  may  almost  be  said 
to  have  been  ignored — in  the  Botanical  and  Zoological  study  of  sixty 
years  ago. 

Another  lasting  and  unquestioned  effect  has  resulted  from  Darwin's 
work.  He  has,  as  a  matter  of  fact,  disposed  of  the  doctrine  of  the  im- 
mutability of  species.  It  has  been  mainly  associated  in  recent  days  with 
the  honoured  name  of  Agassi/.,  but  with  him  has  disappeared  the  last 
defender  of  it  who  could  claim  the  attention  of  the  world.  Few  now  are 
found  to  doubt  that  animals  separated  by  differences  far  exceeding  those 
that  distinguish  what  we  know  as  species  have  yet  descended  from  common 
ancestors.  But  there  is  much  less  agreement  as  to  the  extent  to  which 
this  common  descent  can  be  assumed,  or  the  process  by  which  it  has  come 
about.  Darwin  himself  believed  that  all  animals  were  descended  from  'at 
most  four  or  five  progenitors' — adding  that  'there  was  grandeur  in  the 
view  that  life  bad  been  originally  breathed  by  the  Creator  into  a  few  forms 
or  one.'  Some  of  his  more  devoted  followers,  like  Professor  Haeckel,  were 
prepared  to  go  a  step  farther  and  to  contemplate  primeval  mud  as  the 
probaUe  ancestor  of  tiie  whole  fauna  and  flora  of  this  planet. 

To  this  extent  the  Darwinian  theory  has  not  effected  the  conquest  of 
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scientific  opinion  ;  and  still  less  is  there  any  unanimity  in  the  acceptance 
of  natural  selection  as  the  sole  or  even  the  main  agent  of  whatever 
modifications  may  have  led  up  to  the  existing  forms  of  life.  The  deepest 
obscurity  still  hangs  over  the  origin  of  the  infinite  variety  of  life.  Two 
of  the  strongest  objections  to  the  Darwinian  explanation  appear  still  to 
retain  all  their  force. 

I  think  Lord  Kelvin  was  the  first  to  point  out  that  the  amount  of  time 
required  by  the  advocates  of  the  theory  for  working  out  the  process  they 
had  imagined  could  not  be  conceded  without  assuming  the  existence  of  a 
totally  different  set  of  natural  laws  from  those  with  which  we  are 
acquainted.  His  view  was  not  only  based  on  profound  mechanical  reason- 
ing, but  it  was  so  plain  that  any  layman  could  comprehend  it.  Setting  aside 
arguments  deduced  from  the  resistance  of  the  tides,  which  may  be  taken  to 
transcend  the  lay  understanding,  his  argument  from  the  refrigeration  of  the 
earth  requires  little  science  to  apprehend  it.  Everybody  knows  that  hot 
things  cool,  and  that  according  to  their  substance  they  take  more  or  less 
time  in  cooling.  It  is  evident  from  the  increase  of  heat  as  we  descend  into 
the  earth,  that  the  earth  is  cooling,  and  we  know  by  experiment,  within  cer- 
tain wide  limits,  the  rate  at  which  its  substances,  the  matters  of  which  it 
is  constituted,  are  found  to  cool.  It  follows  that  we  can  approximately 
calculate  how  hot  it  was  so  many  million  years  ago.  But  if  at  any  time 
it  was  hotter  at  the  surface  by  50°  F.  than  it  is  now,  life  would  then  have 
been  impossible  upon  the  planet,  and  therefore  we  can  without  much  diffi- 
culty fix  a  date  before  which  organic  life  on  earth  cannot  have  existed. 
Basing  himself  on  these  considerations  Lord  Kelvin  limited  the  period  of 
organic  life  upon  the  earth  to  a  hundred  million  years,  and  Professor  Tait 
in  a  still  more  penurious  spirit  cut  that  hundred  down  to  ten.  But  on  the 
other  side  of  the  account  stand  the  claims  of  the  geologists  and  biologists. 
They  have  revelled  in  the  prodigality  of  the  ciphers  which  they  put  at  the 
end  of  the  earth's  hypothetical  life.  Long  cribbed  and  cabined  within  the 
narrow  bounds  of  the  popular  chronology,  they  have  exulted  wantonly  in 
their  new  freedom.  They  have  lavished  their  millions  of  years  with  the 
open  hand  of  a  prodigal  heir  indemnifying  himself  by  present  extravagance 
for  the  enforced  self-denial  of  his  youth.  But  it  cannot  be  gainsaid  that 
their  theories  require  at  least  all  this  clbowroom.  K  we  think  of  that 
vast  distance  over  which  Darwin  conducts  us  from  the  jelly-fish  lying  on 
the  primeval  beach  to  man  as  we  know  him  now  ;  if  we  reflect  that  the 
prodigious  change  requisite  to  transform  one  into  the  other  is  made  up  of 
a  chain  of  generations,  each  advancing  by  a  minute  variation  from  the 
form  of  its  predecessor,  and  if  we  further  reflect  that  these  successive 
changes  are  so  minute  that  in  the  course  of  our  historical  period — say 
three  thousand  years — this  progressive  variation  has  not  advanced  by  a 
single  step  perceptible  to  our  eyes,  in  respect  to  man  or  the  animals  and 
plants  with  which  man  is  familiar,  we  shall  admit  that  for  a  chain  of 
change  so  vast,  of  which  the  smallest  link  is  longer  than  our  recorded 
history,  the  biologists  are  making  no  extravagant  claim  when  they  demand 
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at  least  many  hundred  million  years  for  the  accomplishment  of  the  stu- 
pendous process.  Of  course,  if  the  mathematicians  are  right,  the  biologists 
cannot  have  what  they  demand.  If,  for  the  purposes  of  their  theory,  organic 
life  most  have  existed  on  the  globe  more  than  a  hundred  million  years 
ago,  it  mast,  under  the  temperature  then  prevailing,  have  existed  in  a  state 
of  vapour.  The  jelly-fish  would  have  been  dissipated  in  steam  long  before 
he  had  liad  a  chance  of  displaying  the  advantageous  variation  which  was 
to  make  him  the  ancestor  of  the  human  race.  I  see,  in  the  eloquent  dis- 
course of  one  of  my  most  recent  and  most  distinguished  predecessors  in  this 
chair,  Sir  Archibald  Geikie,  that  the  controversy  is  still  alive.  The  mathe- 
maticians sturdily  adhere  to  their  figures,  and  the  biologists  are  quite  sure 
the  mathematicians  must  have  made  a  mistake.  I  will  not  get  myself  into 
the  line  of  fire  by  intervening  in  such  a  controversy.  But  until  it  is 
adjusted  the  laity  may  be  excused  for  returning  a  verdict  of  <  not  proven ' 
upon  the  wider  issues  the  Darwinian  school  has  raised. 

The  other  objection  is  best  stated  in  the  words  of  an  illustrious  disciple 
of  Darwin,  who  has  recently  honoured  this  city  by  his  presence— I  refer 
to  Professor  Weismanii.  But  in  referring  to  him,  I  cannot  but  give,  in 
passing,  a  feeble  expression  to  the  universal  sorrow  with  which  in  this 
place  the  news  was  received  that  Weismann's  distinguished  antagonist, 
Professor  Romanes,  had  been  taken  from  us  in  the  outset  and  full  promise 
of  a  splendid  scientific  career. 

The  gravest  objection  to  the  doctrine  of  natural  selection  was  expressed 
by  Weismann  in  a  paper  published  a  few  months  ago,  not  as  agreeing  to 
the  objection,  but  as  resisting  it  ;  and  therefore  his  language  may  be  taken 
as  an  impartial  statement  of  the  difficulty.  <  We  accept  natural  selection,' 
he  says,  '  not  because  we  are  able  to  demonstrate  the  process  in  detail,  not 
even  because  we  can  with  more  or  less  ease  imagine  it,  but  simply  because 
we  must — because  it  is  the  only  possible  explanation  that  we  can  conceive. 
We  must  assume  natural  selection  to  be  the  principle  of  the  explana- 
tion of  the  metamorphoses,  because  all  other  apparent  principles  of 
explanation  fail  us,  and  it  is  inconceivable  that  there  could  yet  be  another 
capable  of  explaining  the  adaptation  of  organisms  without  assuming  the 
help  of  a  principle  of  design.' 

There  is  the  difficulty.  We  cannot  demonstrate  the  process  of  natural 
selection  in  detail ;  we  cannot  even,  with  more  or  less  ease,  imagine  it.  It 
is  purely  hypothetical.  No  man,  so  far  as  we  know,  has  ever  seen  it  at 
work.  An  accidental  variation  may  have  been  perpetuated  by  inheritance, 
and  in  the  struggle  for  existence  the  bearer  of  it  may  have  replaced,  by 
virtue  of  the  survival  of  the  fittest,,  his  less  improved  competitors  ;  but  as 
far  as  we  know  no  man  or  succession  of  men  have  ever  observed  the  whole 
process  in  any  single  case,  and  certainly  no  man  has  recorded  the  obser- 
vation. Variation  by  artificial  selection,  of  course,  we  know  very  well  ; 
but  the  intervention  of  the  cattle  breeder  and  the  pigeon  fancier  is  the 
essence  of  artificial  selection.  It  is  effected  by  their  action  in  crossing, 
by  their  skill  in  bringing  the  right  mates  together  to  produce  the  progeni- 
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ture  they  want.  But  in  natural  selection  who  is  to  supply  the  breeder's 
place  1  Unless  the  crossing  is  properly  arranged,  the  new  breed  will  never 
come  into  being.  What  is  to  secure  that  the  two  individuals  of  opposite 
sexes  in  the  primeval  forest,  who  have  been  both  accidentally  blessed  with 
the  same  advantageous  variation,  shall  meet,  and  transmit  by  inheritance 
that  variation  to  their  successors  1  Unless  this  step  is  made  good,  the 
modification  will  never  get  a  start ;  and  yet  there  is  nothing  to  insure  that 
step,  except  pure  chance.  The  law  of  chances  takes  the  place  of  the  cattle 
breeder  and  the  pigeon  fancier.  The  biologists  do  well  to  ask  for  an  im- 
measurable expanse  of  time,  if  the  occasional  meetings  of  advantageously 
varied  couples  from  age  to  age  are  to  provide  the  pedigree  of  modifications 
which  unite  us  to  our  ancestor  the  jelly-fish.  Of  course  the  struggle  for 
existence,  and  the  survival  of  the  fittest,  would  in  the  long  run  secure  the 
predominance  of  the  stronger  breed  over  the  weaker.  But  it  would  be  of 
no  use  in  setting  the  improved  breed  going.  There  would  not  be  time. 
No  possible  variation  which  is  known  to  our  experience,  in  the  short  time 
that  elapses  in  a  single  life  between  the  moment  of  maturity  and  the  age 
of  reproduction,  could  enable  the  varied  individual  to  clear  the  field  of  all 
competitors,  either  by  slaughtering  or  starving  them  out.  But  unless  the 
struggle  for  existence  took  this  summary  and  internecine  character,  there 
would  be  nothing  but  mere  chance  to  secure  that  the  advantageously 
varied  bridegroom  at  one  end  of  the  wood  should  meet  the  bride,  who  by 
a  happy  contingency  had  been  advantageously  varied  in  the  same  direction 
at  the  game  time  at  the  other  end  of  the  wood.  It  would  be  a  mere  chance 
if  they  ever  knew  of  each  other's  existence — a  still  more  unlikely  chance 
that  they  should  resist  on  both  sides  all  temptations  to  a  less  advantageous 
alliance.  But  unless  they  did  so,  the  new  breed  would  never  even  begin, 
let  alone  the  question  of  its  perpetuation  after  it  had  begun.  I  think 
Professor  Weismann  is  justified  in  saying  that  we  cannot,  either  with 
more  or  less  ease,  imagine  the  process  of  natural  selection. 

It  seems  strange  that  a  philosopher  of  Professor  Weismann's  penetra- 
tion should  accept  as  established  a  hypothetical  process  the  truth  of  which 
he  admits  that  he  cannot  demonstrate  in  detail,  and  the  operation  of  which 
he  cannot  even  imagine.  The  reason  that  he  gives  seems  to  me  instructive 
of  the  great  danger  scientific  research  is  running  at  the  present  time — the 
acceptance  of  mere  conjecture  in  the  name  and  place  of  knowledge,  in  pre- 
ference to  making  frankly  the  admission  that  no  certain  knowledge  can 
be  attained.  *  We  accept  natural  selection,'  he  says,  *  because  we  must — 
because  it  is  the  only  possible  explanation  that  we  can  conceive.'  As  a 
politician,  I  know  that  argument  very  well.  In  political  controversy  it  is 
sometimes  said  of  a  disputed  proposal  that  it  ^  holds  the  field,'  that  it  must 
be  accepted  because  no  possible  alternative  has  been  suggested.  In  politics 
there  is  occasionally  a  certain  validity  in  the  argument,  for  it  sometimes 
happens  that  some  definite  course  must  be  taken,  even  though  no  course 
is  free  from  oljoction.  But  such  a  Hne  of  reasoning  is  utterly  out  of  place 
in  science.     We  are  under  no  obligation  to  find  a  theory,  if  the  facts  will 
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not  provide  a  sound  one.  To  the  riddles  which  nature  propounds  to  us  the 
profession  of  ignorance  must  constantly  be  our  only  reasonable  answer. 
The  cloud  of  impenetrable  mystery  hangs  over  the  development  and  still 
more  over  the  origin  of  life.  If  we  strain  our  eyes  to  pierce  it,  with  the  fore- 
gone conclusion  that  some  solution  is  and  must  be  attainable,  we  shall 
only  mistake  for  discoveries  the  figments  of  our  own  imagination.  Pro- 
fessor Weismann  adds  another  reason  for  his  belief  in  natural  selection 
which  is  certainly  characteristic  of  the  time  in  which  we  live.  *  It  is  in- 
conceivable,' he  says,  '  that  there  should  be  another  principle  capable  of 
explaining  the  adaptation  of  organisms  without  assuming  the  help  of  a 
principle  of  design.'  The  whirligig  of  time  assuredly  brings  its  revenges. 
Time  was,  not  very  long  ago,  when  the  belief  in  creative  design  was 
supreme.  Even  those  who  were  sapping  its  authority  were  wont  to  pay 
it  a  formal  homage,  fearing  to  shock  the  public  conscience  by  denying  it* 
Now  the  revolution  is  so  complete  that  a  great  philosopher  uses  it  as  a 
reductio  ad  absurdum,  and  prefers  to  believe  that  which  can  neither  be 
demonstrated  in  detail,  nor  imagined,  rather  than  run  the  slightest  risk  of 
such  a  heresy. 

I  quite  accept  the  Professor's  dictum  that  if  natural  selection  is  rejected 
we  have  no  resource  but  to  fall  back  on  the  mediate  or  immediate  agency 
of  a  principle  of  design.  In  Oxford,  at  least,  he  will  not  find  that  argument 
is  conclusive,  nor,  I  believe,  among  scientific  men  in  this  country  generally, 
however  imposing  the  names  of  some  whom  he  may  claim  for  that  belief. 
I  would  rather  lean  to  the  conviction  that  the  multiplying  difficulties  of 
the  mechanical  theory  are  weakening  the  influence  it  once  had  acquired. 
I  prefer  to  shelter  myself  in  this  matter  behind  the  judgment  of  the 
greatest  living  master  of  natural  science  among  us,  Lord  Kelvin,  and  to 
quote  as  my  own  concluding  words  the  striking  language  with  which  he 
closed  his  address  from  this  chair  more  than  twenty  years  ago  :  *  I  have 
always  felt,'  he  said,  *  that  the  hypothesis  of  natural  selection  does  not 
contain  the  true  theory  of  evolution,  if  evolution  there  has  been  in  biology. 
...  I  feel  profoundly  convinced  that  the  argument  of  design  has  been  greatly 
too  much  lost  sight  of  in  recent  zoological  speculations.  Overpoweringly 
strong  proofs  of  intelligent  and  benevolent  design  lie  around  us,  and  if  ever 
perplexities,  whether  metaphysical  or  scientific,  turn  us  away  from  them 
for  a  time,  they  come  back  upon  us  with  irresistible  force,  showing  to  us 
through  nature  the  influence  of  a  free  will,  and  teaching  us  that  all  living 
things  depend  on  one  everlasting  Creator  and  Ruler.' 
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Corresponding  Societies.— Refport  of  the  Committee^  consisting  of 
Professor  R.  Meldola  {Chairman),  Mr.  T.  V.  Holmes  {Secre- 
tary), Mr.  Francis  Galton,  Sir  Douglas  Galton,  Sir  Rawson 
Rawson,  Mr.  G.  J.  Symons,  Dr.  J.  G.  Garson,  Sir  John  Evans, 
Mr.  J.  HoPKiNSON,  Professor  T.  G.  Bonney,  Mr.  W.  Whitaker, 
Mr.  W.  ToPLEY,  Professor  E.  B.  Poulton,  Mr.  Cuthbert  Peek, 
and  Rev.  Canon  H.  B.  Tristram. 

The  Corresponding  Societies  Committee  of  tlie  British  Association  beg 
leave  to  submit  to  the  General  Committee  the  following  report  of  the 
proceedings  of  the  Conferences  held  at  Nottingham  and  at  Oxford. 

The  Council  nominated  Dr.  J.  G.  Gfarson,  Chairman,  Mr.  G.  J.  Symons, 
Vice-Cbairman,  and  Mr.  T.  Y.  Holmes,  Secretary  to  the  Nottingham 
Conference.  These  nominations  were  confirmed  by  the  General  Com- 
mittee at  the  meeting  held  at  Nottingham  on  Wednesday,  September  13. 
The  meetings  of  the  Conference  were  held  on  Thursday,  September  14,  and 
on  Tuesday,  September  19,  in  University  College,  Nottingham,  at  3.80  p.m. 
The  following  Corresponding  Societies  nominated  delegates  to  represent 
them  at  the  Nottingham  meeting : — 

Bath  Natural  History  and  Antiquarian  Rev.  H.  H.  Winwood,  M.A.,  F.G.S. 

Field  Club. 

Belfast  Natural  History  and  Philosophi-  Alexander  Tate. 

cal  Society. 

Birmingham  Natural  History  and  Micro-  C.  J.  Watson. 

scopical  Society. 

Birmingham  Philosophical  Society .        .  J.  Eenward,  F.8.A, 

Bristol  Naturalists'  Society      .        .        .  Br.  A.  Bichardson. 

Burton-on-Trent   Natural    History   and  Horace  T.  Brown,  F.R.8. 

ArcbsBological  Society. 

Cardiff  Naturalista*  Society      .        .        .  Prof.  J.  Viriamu  Jones. 

Chesterfield  and  Midland  Counties  Inati-  M.  H.  Mills,  F.G.S. 

tution  of  Engineers. 
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Croydon  Microscopical  and  Natural  His-    W.  Topley,  F.R.S. 

toiy  Club. 
Dorset  Natural  History  and  Antiquarian    C.  Hansford. 

Field  Club. 
East  Kent  Natural  History  Society         .'] 
East  of  Scotland  Union  of  Naturalists'  I  A.  S.  Reid,  M.A.,  F.G.S. 


Societies.  J 

Essex  Field  Club ' 

Federated  Institution  of  Mining  En- 
gineers. 

Hampshire  Field  Club     .... 

Hertfordshire  Natural  History  Society 
and  Field  Club. 

Leeds  Geological  Association  . 

Leeds  Naturalists'  Club  .... 

Leicester  Literary  and  Philosophical  So- 
ciety. 

Liverpool  Geological  Sodety  . 

Liverpool  Engineering  Society 

Malt  on  Natuialists*  Society     . 

Manchester  Geographical  Society 

Manchester  Geological  Society 

North  of  England  Institute  of  Mining 
Engineers. 

North  Staffordshire  Naturalists'  Field 
Club. 

Northamptonshire  Natural  History  So- 
ciety and  Field  Club. 


Nottingham  Naturalists'  Society 


•{ 


'Nottingham  Technical  Schools 

.Paisley  Philosophical  Institution     . 

"Perthshire  Society  of  Natural  Science     . 

Rochdale  Literary  and  Scientific  Society 

Somersetshire  Archaeological  and  Natu- 
ral History  Society. 

..South  London  Microscopical  and  Natural 
History  Society. 

Tj'neside  Geographical  Society 

Warwickshire  Naturalists'  and  Archaeolo- 
gists' Field  Club. 

Woolhope  Naturalists'  Field  Club   . 

yorkshire  Naturalists'  Union  . 


T.  V.  Holmes,  F.G.S. 
M.  H.  MUls,  M.Inst.C.E. 

W.  Whitaker,  B.A..  F.R.S. 
Dr.  A.  T.  Brett. 

P.  F.  Kendall,  F.G.S. 

Harold  Wager. 

F.  T.  Mott.  F.R.G.S. 

E.  Dickson,  F.G.S. 
H.  P.  Boulnois,  M.Inst.C.E. 
M.  B.  Slater. 
Eli  Sowerbutts,  F.R.G.S. 
Mark  Stirrup,  F.G.S. 
Prof.  J.  H.  Merivale,  M.A. 

Dr.  J.  T.  Arlidge. 

C.  A.  Markham,  F.R.Met.Soc. 

J.  W.  Carr,  M.A. 

W.  Stafford,  M.B. 

C.  Hawley  Torr. 

Prof.  W.  Robinson,  M.E. 

James  Clark. 

A.  S.  Reid,  M.A.,  F.G.S. 

H.  C.  March,  M.D.,  F.S.A. 

F.  T.  Elworthy. 

F.  W.  Hembry. 

G.  E.  T.  Smithson,  F.R.G.S. 
W.  Andrews,  F.G.S. 

Rev.  J.  O.  Bevan,  M.A. 
M.  B.  Slater. 


Nottingham,  First  Conference,  September  14,  1803. 

The  Corresponding  Societies  Committee  were  represented  by  Dr. 
Garson  (in  tlie  chair),  Mr.  Topley,  Mr.  Symons,  and  Mr.  T.  V.  Holmes 
(Secretary). 

Dr.  CS^rson,  the  Chairman,  gave  a  hearty  welcome  to  the  delegates 
pi*esent.  He  stated  that  these  Conferences  were  began  at  Aberdeen  in 
1885.  At  that  time  only  twenty-four  delegates  were  appointed,  while 
la.st  year  there  were  forty-two.  The  number  of  Corresponding  Societies 
liad  also  increased.  This  was  evidence  that  the  attempt  to  bring  to  a 
focQS,  as  it  were,  the  efforts  of  the  various  Corresponding  Societies  had  met 
with  considerable  success.  But  there  was  also  evidence  that  the  Societies 
did  not  always  suflBciently  value  their  privileges.  When  the  annual 
returns  were  sent  out  from  the  office  of  the   British  Association  the 
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majority  of  tbo  Seoretaries  of  the  Corresponding  Societies  did  not  fill  up 
and  return  tbem  nntil  they  were  written  to  a  second  time.  Again,  oat 
of  more  than  sixty  Societies,  only  forty-two  thought  it  worth  while  to 
nominate  delegates,  thoagh  it  coald  hardly  be  a  difHcalt  matter  to  find 
members  able  and  willing  to  serve.  It  was  a  very  great  advantage  to 
the  workers  in  the  various  local  Societies  to  have  the  titles  of  their  papers 
printed  and  published  in  the  Annual  Reports  of  the  British  Association. 
The  Transactions  of  the  various  Corresponding  Societies  were  bound  and 
kept  available  for  reference  at  present  in  the  Office  of  the  Association  at 
Burlington  House,  whereas  papers  read  before  other  local  Societies 
were  not  unlikely  to  remain  unknown  or  unconsulted.  It  was  most 
desirable  that  the  British  Association  should  be  brought  into  closer 
communication  with  the  Societies.  It  had  been  usual  hitherto  for  repre- 
sentatives from  the  difierent  Sections  to  attend  the  Conferences  and  to 
mention  anything  that  had  been  done,  such  as  the  appointment  of  a 
committee  for  some  special  purpose,  in  which  the  co-operation  of  the 
Corresponding  Societies  would  be  advantageous.  It  would  be  a  good 
thing  that  there  should  be  better  means  of  communication  between  the 
Corresponding  Societies  and  the  Seoretaries  of  the  various  committees 
appointed  by  the  British  Association.  A  good  example  of  a  committee 
especially  needing  the  assistance  of  the  Corresponding  Societies  was  that 
nominated  by  Section  H  to  make  an  Ethnographical  Survey  of  the  United 
Kingdom.  The  first  Report  of  this  committee  had  just  been  presented  to 
the  delegates,  and  Mr.  Brabrook,  the  Secretary,  would  shortly  call  their 
attention  to  it.  At  their  last  meeting  at  Edinburgh  some  delegates  had 
asked  whether  the  Council  of  the  Association  might  not  be  able  to  obtain 
greater  facilities  from  the  railway  companies  for  members  travelling  to 
and  from  these  meetings.  The  Council  consequently  appointed  a  com- 
mittee,  of  which  Sir  Frederick  Bramwell  was  an  active  member,  to  see 
what  could  be  done.  The  result,  however,  could  not  be  deemed  satis- 
factory. The  Clearing  House  authorities  considered  that  the  ordinary 
tourists'  tickets  met  the  requirements  of  the  case,  and  reminded  them 
that  return  tickets  were  issued  to  members  at  a  single  fare  for  distances 
not  exceeding  fifty  miles  from  the  place  of  meeting.  The  local  authorities 
had  placed  the  room  in  which  they  then  were  at  the  disposal  of  the 
delegates,  and  in  it  they  might  meet  to  discuss  matters  at  any  time. 

The  Secretary  read  a  letter  from  Sir  Douglas  Galton,  expressing  his 
regret  at  being  unable  to  attend  the  Conference. 

The  Chairman  proposed  to  take  the  Report  which  was  in  their  hands 
as  read.  He  would  be  glad  to  hear  any  remarks  from  delegates  on  the 
work  done  during  the  past  year. 


Section  A. 

Meteorological  Fhoiograjphy. — Mr.  Symons  was  much  indebted  to  the 
delegates  for  the  number  of  photographs  of  clouds  sent  in  to  the  Com- 
mittee up  to  the  present  time.  He  did  not  press  for  more,  as  the 
Committee  appointed  by  the  British  Association  for  tho  *  Elucidation  of 
Meteorological  Phenomena  by  the  Application  of  Photography '  had  the 
very  considerable  collection  of  467  to  deal  with.  They  proposed  to 
select  the  typical  ones,  reduce  them  to  a  uniform  scale,  and  print  perhaps 
a  hundred  copies  of  them.      They  hoped  to  publish  the  atlas  during  the 
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year,  and  would  be  glad  if  tbe  meteorologists  would  take  copies.     They 
would  be  pleased  to  have  additional  photographs  of  lightning. 

Mr.  Kenward  remarked  that  through  the  agency  of  the  standing 
Meteorological  Committee  of  the  Birmingham  Philosophical  Society  com- 
plete  weather  statistics  for  Birmingham  had  been  obtained  from  the 
observatory  in  Monument  Road.  It  was  believed  that  the  periodical  pub- 
lication of  these  records  would  supply  a  great  want. 

Section  C. 

Mr.  A.  S.  Beid  said  that  the  Geological  Photographs  Committee  of 
the  British  Association  were  publishing  their  fourth  Beport  this  year. 
During  the  year  they  had  received  more  than  forty  new  photographs, 
making  the  total  collection  846 :  they  were  all  British.  Their  appeal 
to  the  Corresponding  Societies  had  been  more  successful  than  in  any 
previous  year,  but  there  was  still  much  to  be  done,  and  he  hoped  the 
delegates  would  stir  up  their  Societies  on  this  point.  As  to  the  best 
camera,  the  most  portable  was  to  be  preferred.  He  had  also  to  report 
that  many  prints  had  been  sent  in  without  the  name  of  the  Societies 
sending  them,  that  of  the  photographer,  or  that  of  the  place  photographed. 
They  had  decided  not  to  lend  any  more  photographs  to  the  Societies, 
unless  such  photographs  were  sent  in  duplicate.  Mr.  Jeffs,  the  Secretary 
of  the  Geological  Photographs  Committee,  had  unfortunately  been  ill 
during  nearly  the  whole  of  the  year,  and  this  had  seriously  hampered 
their  work. 

Mr.  Tate  said  that,  with  reference  to  geological  photographs,  many  of 
those  sent  in  were  probably  of  little  value.  He  trusted  that  some  day 
the  Geological  Photographs  Committee  would  be  able  to  select  typical 
examples  and  place  them  where  they  would  be  of  use  to  the  Corresponding 
Societies.     Some  had  been  sent  from  Belfast,  the  district  he  represanted. 

Mr.  P.  F.  Kendall  remarked  that  few  of  the  Corresponding  Societies 
during  the  past  year  had  given  any  information  to  the  British  Associa- 
tion Committee  appointed  to  record  the  Character  and  Position  of  Erratic 
Blocks,  though  appeals  for  help  had  been  made. 

The  Chairman  hoped  that  the  delegates  present  would  note  this 
omission. 

In  reply  to  a  question  from  Mr.  Eli  Sowerbntts  Mr.  Kendall  said  that 
though  the  Erratic  Blocks  Committee  had  been  in  existence  twenty. one 
years,  there  were  whole  counties  abounding  in  erratic  blocks  from  which 
not  a  single  report  had  ever  been  sent.  There  were  thus  great  gaps  in 
their  information  which  could  only  be  filled  by  photographs  and  reports 
from  the  quarters  which  had  hitherto  not  responded  to  the  appeal.  Most 
admirable  work  had  been  done  in  Warwickshire. 

Mr.  Topley  inquired  whether  any  Society  had  made  researches,  like 
those  brought  before  the  Conference  last  year  by  Mr.  Watts,  as  to  the 
quantity  of  material  brought  down  streams  in  flood  in  the  neighbourhood 
of  Rochdale. 

Mr.  Mark  Stirrup  thought  the  work,  so  far  as  it  had  gone,  had  been 
brought  before  the  Manchester  Geographical  Society. 

Mr.  Symons  said  that  the  work  had  been  confined  to  the  Rochdale 
district.  It  was  desirable  that  results  in  other  districts  should  be  noted, 
and  all  persons  Avishing  to  do  similar  work  should  consult  Mr.  Watts  at 
Strines  Dale,  Oldham. 
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Section  D. 

Mr.  Slater  recorded  the  interesting  fact  that  a  member  of  the  York«^ 
shire  Naturalists'  Union  recently  found  the  wild  maidenhair  fern  on 
the  northern  portion  of  Morecamhe  Bay.  It  would  not  be  desirable  that 
the  exact  spot  should  be  given.  He  would  also  remark  that  it  was  better 
to  obtain  seeds  from  these  rare  plants  than  to  take  the  plant  itself. 


Section  E. 

Mr.  Sowerbutts  remarked  that  their  member,  Mr.  Crook,  went  before 
the  departmental  committee  appointed  to  consider  the  state  of  the 
Ordnance  Survey  in  order  to  giye  evidence.  He  had  suggested  to  Mr. 
Crook  that  he  should  write  a  report  on  what  had  been  done  by  the 
departmental  committee,  whi6h  might  be  presented  at  the  next  year'n 
meeting  of  delegates.  The  examination  on  Yorkshire  mentioned  in  the 
report  of  the  Conferencp  of  Delegates  at  Edinburgh  did  not  take  place. 
They  would,  however,  conduct  some  examinations  next  year,  and  he 
wonld  bo  glad  if  the  delegates  would  make  their  intentions  widely 
known.  It  was  bis  opinion  that  there  was  no  cheap  book  in  existence 
giving  a  fairly  good  account  of  Yoikshire.  The  examinations  were  open 
to  all  public  and  private  schools.  There  would  be  one  on  Canada  for 
secondary  school  children.  They  had  been  found  to  know  nothing  abont 
geography  last  year,  and  he  looked  for  some  improvement  next  time. 

Mr.  Hembry  had  learned  that  in  a  certain  county  children  attending 
schools  were  not  taaght  geography  in  any  way.  He  would  like  to  know 
if  this  was  the  case  anywhere  else. 

Mr.  Andrews  remarked  that,  acting  on  the  advice  of  Mr.  Whitaker, 
he  had  forwarded  a  list  of  thirteen  ancient  earthworks  in  Warwickshire 
to  the  Ordnance  Survey  Office,  Southampton,  ten  of  which  had  since 
been  inserted  in  the  map. 

Mr.  Hembry  thought  that  geography  should  certainly  bo  a  class 
subject.  In  secondary  schools  they  absolutely  ignored  it ;  but  he  had 
been  astonished  to  find  that  an  immense  advance  had  been  made  in  the 
teaching  of  geography  in  primary  schools.  In  many  of  the  latter  museums 
of  commercial  products  were  now  being  formed. 


Section  G. 
Professor  Merivale  had  nothing  to  report  about  Flameless  Explosives. 

Section  H. 

Mr.  Brabrook  made  some  remarks  on  the  progress  made  by  the 
Committee  appointed  to  make  an  Ethnographical  Snrvey  of  the 
United  Kingdom,  whose  first  report  was  in  the  hands  of  the  delegates. 
The  Committee  had,  he  said,  obtained,  by  communication  with  the 
Corresponding  Societies,  a  list  of  nearly  SCO  villages,  with  some  account^ 
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of  their  leading  features  and  peculiarities,  all  of  which  were  wortlij  of 
special  examination  bj  the  Committee.  For  this  result,  which  was  much 
beyond  their  anticipations,  the  Ethnographical  Committee  gave  their  most 
hearty  thanks  to  the  members  of  the  Corresponding  Societies  who  had 
helped  them  so  efficiently.  The  next  step  taken  by  the  Committee  had 
been  to  draw  up  a  brief  code  of  directions  for  the  guidance  of  those  vrho 
had  been  kind  enough  to  offer  assistance.  This  code  would  be  found 
at  the  end  of  their  Report. 

Mr.  Kenward  said  that  almost  all  traces  of  the  past  had  been  destroyed 
in  the  Birmingham  district.  They  had,  however,  established  a  Folklore 
Sub-committee. 

Mr.  Brabrook  thought  that  delegation  to  sub-committees  greatly 
facilitated  the  work. 

Mr.  Kenward  remarked  that  in  Birmingham  they  were  carefully 
noting  the  physical  condition  of  individual  children  in  Board  schools, 
also  that  of  factory  hands.  Next  year  they  hoped  to  present  a  Report  oiv 
the  subject  to  the  Association. 

The  Chairman  said  that  the  Sectional  discussions  being  now  ended, 
he  would  be  glad  to  hear  remarks  of  any  kind  that  might  be  of  general 
interest  to  the  delegates. 

Dr.  Arlidge  suggested  that  a  tabular  list  should  be  prepared  of  the 
Committees  of  the  Association  with  which  it  was  desired  that  the 
Corresponding  Societies  should  co-operate. 

Mr.  Mark  Stirrup  said  that  each  year  a  list  of  the  whole  of  tbo 
British  Association  Committees  was  printed  and  distributed,  the  names, 
of  the  members  and  the  objects  of  the  committees  being  given.  He 
always  brought  this  list  before  his  Society,  and  asked  members  to  note 
anything  in  which  they  might  like  to  assist. 

Mr.  T.  V.  Holmes  stated  that,  when  writing  in  the  'Essex  Naturalist  * 
an  account  of  the  Edinburgh  Conference  for  the  Essex  Field  Club  last 
autumn,  he  added  to  his  remarks  a  list  of  the  ten  or  eleven  Committees 
in  which  the  Corresponding  Societies  were  specially  interested. 


Nottingham,  Sbcond  Conference,  September  19,  1893. 

The  Corresponding  Societies  Committee  were  represented  by  Dr. 
Garson  (in  the  chair),  Mr.  F.  Galton,  Mr.  Symons,  and  Mr.  T.  V.Holmes 
(Secretary). 

The  Chairman  thought  it  would  be  best  to  take  first  any  discussions 
upon  the  committees  appointed  in  the  various  Sections. 


Section  A. 

Mr.  Symons  said  that  the  work  of  the  Earth-tremors  Committee 
was  going  on  under  the  care  of  Mr.  Davison,  and  he  did  not  think 
that  there  wore  other  committees  connected  with  Section  A  that  bore 
upon  the  work  of  the  delegates.  With  regard  to  the  Report  of  the  Earth - 
tremors  Committee,  he  should  like  to  hold  it  in  suspense  for  a  while, 
in  the  hope  of  future  co-operation  with  some  of  the  Corresponding- 
Societies. 
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Mr.  M.  H.  Mills  thouKbt  that  eartli-tremors  Tvas  one  of  the  subjects 
in  which  members  of  the  Federated  Institute  of  Mining  Engineers  could 
assist. 

Mr.  Symons  inquired  if  it  would  be  possible  to  place  instruments 
underground  at  a  depth  of  100  feet. 

Mr.  Mills  did  not  think  there  would  be  any  difficulty. 

Mr.  Mark  Stirrup  said  that  some  mining  engineers  thought  that  it 
would  be  useless  to  place  apparatus  in  mines  because  of  the  vibration 
caused  by  the  workings. 

Mr.  Symons  said  fliat  fortunately  no  difficultg^  would  arise  from  that 
cause,  as  the  instruments,  though  extremely  delicate,  were  not  sensitive 
to  vibrations  of  short  period. 

Mr.  Kenward  thought  that  he  knew  of  a  colliery  in  which  instruments 
could  be  placed. 

Section  C. 

Mr.  A.  S.  Reid  said  he  had  been  asked  by  the  Sectional  Committee 
to  make  some  remarks.  The  Underground  Waters  Committee  would 
present  their  final  Beport  next  year,  and  would  be  glad  to  receive  further 
information  up  to  the  date  of  publication.  The  Geological  Photographs 
Committee  thought  that  the  size  of  photographs  should  be  left  to  the 
donors.  As  to  the  best  camera  further  comments  from  practical 
photographers  were  invited ;  also  remarks  as  to  the  best  methods  of 
printing.  With  regard  to  publication,  negotiations  respecting  the  pro- 
posed album  of  representative  photographs  were  then  in  progress. 
The  Erratic  Blocks  Committee  had  presented  a  Beport,  and  they  were 
going  to  publish  as  much  as  they  could  as  soon  as  possible.  The  Coast 
Erosion  Committee  had  not  sent  in  a  Beport,  though  they  had  plenty  of 
material  in  hand.  The  Committee  on  Type  Specimens  in  Museums  were 
making  arrangements  for  the  registration  of  those  specimens,  and  in- 
formation was  required  as  to  where  they  were  housed. 

Mr.  Tate  inquired,  with  regard  to  geological  photographs,  if  small 
photographs  taken  with  a  good  lens  were  not  preferred. 

Mr.  Beid  replied  that  the  Committee  were  ready  to  receive  any  good 
photographs. 

Section  D. 

Protection  of  Wild  BinU^  ^ggs. — Mr.  Slater  thought  it  was  high  time 
something  was  done  to  protect  the  eggs  of  wild  birds.  Influence  might 
be  brought  to  bear  upon  boys.  Ho  also  deprecated  the  wanton  shooting 
of  gulls. 

The  Chairman  stated  that  the  Committee  had  been  reappointed,  and 
that  the  delegates  would  in  due  time  receive  a  final  communication  oa 
the  question. 

Mr.  C.  H.  Torr  (Nottingham)  said  that  a  valuable  suggestion  had 
been  made  that  County  Councils,  and  through  them  Board  schools, 
should  put  up  notices  during  the  season  asking  boys  not  to  take  eggs.  It 
was  of  little  use  to  talk  of  legislation,  as  the  eggs  would  be  gone  before 
it  could  be  obtained. 

The  Chairman  remarked  that  at  Edinburgh  much  had  been  said 
about  the  number  of  rare  eggs  in  the  possession  of  collectors. 
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Mr.  Andrews  recently  visited  a  small  village  inn  in  North  War- 
wickshire, where  he  saw  cases  of  birds'  eggs  arranged  in  the  form  of 
crowns.     These  crowns  were  sold  for  £5  each. 

Mr.  Ken  ward  thought  it  would  be  better  to  appeal  to  the  common- 
sense  and  humanity  of  the  collector  than  to  pat  up  notices  in  Board 
schools. 

Mr.  Symons  thought  an  appeal  to  the  common-sense  of  the  people 
would  have  a  good  effect,  and  that  it  was  useless  to  trust  to  legislation. 
People  who  made  crowns  of  eggs  were  irreclaimable. 

Mr.  Torr  said,  on  behalf  of  Nottingham,  that  he  would  undertake 
that  the  matter  should  be  brought  before  the  School  Board. 

Museums. — Mr.  Holmes  read  a  letter  from  Mr.  W.  Cole,  Hon.  Sec. 
Essex  Field  Club,  on  the  maintenance  of  local  museums.  Mr.  Cole 
thought  that  if  an  annual  sum  for  the  maintenance  of  local  museums 
could  be  obtained  from  the  Technical  Education  Grants  in  each  county 
there  would  be  no  great  difficulty  in  obtaining  substantial  sums  towards 
buildings  and  fittings.  The  fear  that  a  museum  might  not  be  permanent 
often  kept  back  subscriptions.  Donations,  both  of  money  and  of  specimens, 
would  rapidly  come  in  when  once  the  public  felt  that  the  museum  would 
be  permanent ;  and  in  no  way  could  a  portion  of  the  Technical  Educa- 
tion G-rant  be  better  expended  than  in  placing  on  a  satisfactory  footing 
the  local  museum  of  the  county. 

Mr.  Symons  thought  the  idea  of  getting  a  grant  from  the  source 
suggested  a  very  good  one. 

The  Chairman  hoped  that  members  of  the  Corresponding  Societies 
would  occasionally  read  papers  on  the  specimens  in  their  local  museums, 
each  writer  keeping  to  a  certain  department.  These  papers,  if  published, 
would  be  catalogued  in  the  Association's  list,  and  brought  before  the 
notice  of  many  workers  in  the  same  subject  elsewhere.  They  would  also 
be  available  for  reference  at  headquarters  in  London. 

Mr.  Stirrup  believed  that  something  had  been  done  in  that  way.  A 
Museums  Association  had  been  started,  and  had  met  that  year  in  London. 
In  the  report  from  the  Owens  College  Museum  there  was  a  paper  dealing 
with  the  subject  of  type  specimens. 

Tho  Chairman  thought  that  the  object  of  the  Museums  Association 
was  rather  to  discuss  the  best  kinds  of  general  arrangement  than  to 
describe  the  contents  of  museums. 

Mr.  Stirrup  and  Mr.  Tate  both  expressed  an  opinion  that  descriptions 
of  type  specimens  would  be  very  valuable. 


Section  H. 

The  Chairman  said  that,  as  representative  of  Section  H,  he  had 
to  draw  the  attention  of  the  delegates  and  the  Corresponding  Societies 
to  the — 

Ethnographical  Survey  of  the  United  Kingdom, — ^The  first  Report  of 
the  Committee  had  been  placed  in  the  hands  of  the  delegates  at  their 
first  conference,  and  he  hoped  they  would  bring  it  before  their  respective 
Societies,  as  the  kind  of  work  required  is  essentially  local  and  such  as 
would  give  great  scope  for  investigation  to  the  members  of  their  Societies. 
It  includes  observations  on  (1)  the  physical  types  of  the  inhabitants,  to  be 
ascertained  by  photographing  and  recording  the  characters  and  measure- 
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ments  of  the  people ;  (2)  folklore ;  (3)  pecaliarities  of  dialect ;  (4)  monu- 
ments and  other  remains  of  ancient  cnltnre ;  (5)  historical  evidence  as  to 
continuity  of  race.  The  Report  contains  minute  directions  as  to  how  the 
investigations  are  to  be  made. 

ExphrcUion  of  Ancient  Bemains. — The  Committee  of  Section  H  had 
passed  the  following  resolution,  to  which  they  desired  the  attention  of 
the  Corresponding  Societies  to  be  drawn : — '  That  in  the  opinion  of  this 
Section  it  is  desirable  that  the  attention  of  archsBologists  and  others  be 
particularly  called  to  the  great  importance  of  preserving  with  the  utmost 
care  all  human  remains  found  in  ancient  dwellings,  graves,  tumuli,  and 
other  burial  places.  It  is  equally  as  important  to  preserve  the  limb- 
bones  and  pelvis  as  the  skull.  The  information  yielded  by  human  and 
animal  remains  is  equally  as  important  as  that  derived  from  pottery, 
implements,  coins,  &c.  When  any  difficulty  occurs  in  obtaining  com- 
petent aid  in  examining  such  remains,  explorers  are  requested  to  com- 
municate with  the  Secretary,  Anthropological  Institute,  3  Hanover 
Square,  London,  W.'  He  said  that  it  was  much  bettor  not  to  attempt  to 
excavate  barrows,  &c.,  unless  it  was  done  thoroughly. 

After  some  remarks  on  a  proposed  excursion  of  the  delegates  a  vote 
of  thanks  to  tho  Chairman  closed  the  proceedings. 


The  Corresponding  Societies  Committee,  in  accordance  with  the  an- 
nouncement made  to  the  General  Committee,  present  the  following  Report 
of  the  Oxford  Conference  : — 

The  Council  nominated  Professor  R.  Meldola  Chairman,  Mr.  Cuth- 
bert  E.  Peek  Vice-Chairman,  and  Mr.  T.  V.  Holmes  Secretary  to  the 
Conference.  These  nominations  were  confirmed  at  the  meeting  of  the 
General  Committee  held  at  Oxford  on  Wednesday,  August  8. 

The  meetings  of  the  Conference  of  Delegates  of  the  Corresponding 
Societies  were  held  on  Thursday,  August  9,  and  on  Tuesday,  August  14, 
in  the  New  Examination  Schools,  at  3.30  p.m.  The  following  Correspond- 
ing Societies  nominated  delegates  to  represent  them  at  the  Oxford 
meeting  : — 

Bath  Natural  History  and  Antiquarian  Rev.  H.  H.  Winwood,  M.A., 

Field  Clnb.  F.G.S. 

Belfast  NatniBlists*  Field  Qub         .        .  W.  Gray,  M.R.LA. 
Berwickshire  Naturalists'  Club         .        .    G.  P.  Hughes.  , 

Birmingham  Natural  History  and  Philo-  J.  Kenward,  F.S.A. 

Rophical  Society. 
Bristol  Naturalists*  Society     .        .        .Dr.  A.  Richardson. 

Burton-on-Trent    Natural   History   and  James  G.  Wells. 

Arclucological  Society. 

Cardiff  Naturalists*  Society      .        •        .  E.  Seward,  F.R.I.B.A, 

Chesterfield  and  Midland  Counties  Insti-  M.  H.  Mills,  F.G.S. 

tution  of  Engineers. 

Cornwall,  Royal  Geological  Society  of     .  Howard  Fox,  F.G.S. 

Croydon  Microscopical  and  Natural  His-  Thos.  Gushing,  F.R.A.S. 

tory  Club. 

Dorset  Natural  History  and  Antiquarian  Rev.  0.  P.  Cambridge,  M.A.,  F.R.S. 

Field  Club. 

East  Kent  Natural  History  Society .        .  A.  S.  Reid,  M.A.,  F.G.S. 

East  of  Scotland  Union  of  Natoralists'  Robert  Brown,  RJN. 

Societies. 

Essex  Field  Club     •       .       .       .        .  T.  Y.  Holmes,  F.G.S. 
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Federated  Institution  of  Mining  Engi- 
neers. 
Glasgow  Archaeological  Society 
Glasgow  Geological  Society 
Glasgow  Philosophical  Society 


M.  H.  Mills,  M.In8t.C.E. 


:) 


Hampshire  Field  Club     .... 

Hertfordshire  Natural  History  Society 
and  Field  Club. 

Isle  of  Man  Natural  History  and  Anti- 
quarian Society. 

Leeds  Geological  Association  . 

Leeds  Naturalists'  Club  and  Scientific 
Association. 

Liverpool  Geological  Society   . 

Malton  Field  Naturalists*  and  Scientific 
Society. 

Manchester  Geographical  Society    . 

MancheAter  Geological  Society 

Midland  Union  of  Natural  History  Socie- 
ties. 

Norfolk  and  Norwich  Naturalists'  Society 

North  of  England  Institute  of  Mining 
Engineers. 

Northamptonshire  Natural  History  So- 
ciety and  Field  Clab. 

North  Staffordshire  Naturalists'  Field 
Club. 

Nottingham  Naturalists'  Society 

Perthshire  Society  of  Natural  Science     . 

Rochdale  Literary  and  Scientific  Society 

Somersetshire  ArchsBological  and  Natural 
History  Society. 

South  London  Microscopical  and  Natural 
History  Society. 

Tyneside  Geographical  Society 

Warwickshire  Naturalists'  and  Archaeo- 
logists' Field  Club. 

Woolhope  Naturalists'  Field  Club    . 

Yorkshire  Geological  and  Polytechnic 
Society. 

Yorkshire  Naturalists'  Union   . 


J.  B.  Murdoch. 

Prof.  J.  G.  McKendrick,  M.D., 

F.II.S. 
T.  W.  Shore,  F.G.S. 
John  Hopkinson,  F.L.S.,  F.G.S. 

His  Honour  Deemster  Gill. 

B.  Holgate,  F.G.S. 
Harold  Wager,  F.L.S. 

0.  W.  Jeffs. 
R.  T.  G.  Abbott. 

Eli  Sowerbutts,  F.R.G.S. 
Mark  Stirrup,  F.G.S. 
W.  E.  CoUinge. 

Clement  Reid,  F.G.S. 
Prof.  J.  H.  Merivale,  M.A. 

C.  A.  Markham,  F.R.Met.Soc. 

Dr.  J.  T.  Arlidge,  M.A. 

W.  Bradshaw. 

H.  Coates,  F.R.S.B. 

J.  Reginald  Ashworth,  B.Sc. 

F.  T.  Klworthy. 

F.  W.  Hembry,  F.R.M.S. 

G.  E.  T.  Smithson. 
W.  Andrews,  F.G.S. 

Rev.  J.  0.  Bevan,  M.A. 
Thos.  Tate,  F.G.S. 

M.  B.  Slater,  F.L.S. 


Oxford,  First  Cojtperence,  August  9,   1894. 

The  Corresponding  Societies  Committee  were  represented  by  Professor 
R.  M eldola  (Chairman),  Professor  T.  G.  Bonney,  Sir  John  Evans,  Sir 
Douglas  Galton,  Dr.  Garson,  Mr,  J.  Hopkinson,  Mr.  Cuthbert  Peek,  Sir 
Rawson  Rawson,  Mr.  G.  J.  Symons,  Mr.  W.  Topley,  Mr.  W.  Whitaker, 
and  Mr.  T.  V.  Holmes  (Secretary). 

The  Chairman  remarked  that  as  this  was  their  tenth  Conference  it 
had  been  suggested  to  him  that  it  would  afford  a  good  opportunity  for  & 
review  of  the  work  done  during  that  period.  On  the  whole,  however,  he 
thought  that  a  review  of  that  kind  might  form  a  dangerous  precedent,  aa 
tending  to  the  delivery  of  an  annual  address  which  would  occupy  time 
more  profitably  spent  in  discussing  topics  in  which  the  delegates  were 
specially  interested.  Hitherto,  owing  to  a  bye-law  enacting  that  the 
Report  of  the  Corresponding  Societies  Committee  should  be  presented  to  the 
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General  Committee  of  the  British  Association,  the  Reports  of  these  Confer- 
ences had  always  been  a  year  behind  ;  that  held  at  Edinburgh  in  1892,  for 
example,  appearing  in  the  British  Association  volume  giving  an  account  of 
the  proceedings  at  Nottingham  in  1893.  Steps  had  been  taken,  however, 
to  prevent  this  delay  in  future,  and  in  the  Oxford  Report  of  the  British 
Association  the  account  of  the  Nottingham  Conference  and  that  of  the 
Oxford  Conference  would  appear  together.  In  order  that  there  should  be 
no  want  of  material  for  discussion  at  these  Conferences,  their  Secretary 
and  he  had  written  to  the  Recorder  of  each  Section  asking  him  to  bring  the 
existence  of  the  Conference  of  Delegates  under  the  notice  of  investigators 
in  those  departments  of  science  of  which  the  work  might  be  aided  by  the 
co-operation  of  local  observers.  They  had  also  taken  a  new  departure  in 
announcing  beforehand  that  some  special  subject  would  be  discussed  at 
the  Conference.  On  this  occasion  they  had  been  fortunate  enough  to 
secure  the  attendance  of  Mr.  Cuthbert  Peek  to  open  a  discussion  on  Local 
Museums. 

Mr.  Cuthbert  Peek,  after  stating  that  he  was  under  great  obligations 
to  that  admirable  organisation,  the  Museums  Association,  said  that  he 
proposed  to  deal  with  the  subject  under  the  following  headings  : — 

1.  Methods  of  registration  and  cataloguing. 

2.  The  protection  of  specimens  from  injury  and  dust. 

3.  The  circulation  of  specimens  and  type-collections  for  educational 

purposes. 

4.  Central  referees  for  nomenclature  and  classification. 

5.  The  most  satisfactory  methods  of  making  museums  attractive. 

6.  Museum  lectures  and  demonstrations. 

7.  The  relations  between  museums  and  County  Councils. 

1.  Methods  of  RegistrtUion  and  C dialoguing, — Having  examined  several 
systems  before  arranging  a  small  general  museum  of  his  own,  he  had  come 
to  the  conclusion  that  for  small  museums  the  card  catalogue  was  the  most 
convenient  on  account  of  the  ease  with  which  changes  and  additions 
could  be  made.  Sectional  letters  distinguished  the  various  classes  of 
objects.  Each  specimen  when  received  had  a  number  allotted  to  it  under 
the  letter  assigned  to  the  Section.  In  order  that  the  number  might  remain 
attached  to  the  specimen,  he  painted  the  letter  and  number  on  the  speci- 
men with  red  or  white  paint,  and  gave  them  when  dry  a  coat  of  oil 
varnish.  When  practicable  it  was  a  good  thing  to  paste  a  photograph 
showing  the  locality  at  which  the  object  was  found  at  the  back  of  the 
card.  Labels  were  often  displaced  by  the  careless  cleaner,  but  if  the  exact 
dimensions  of  a  specimen,  with  a  rough  outline  of  it,  were  entered  on  the 
back  of  a  card,  identification  would  edways  be  possible. 

2.  The  Protection  of  Specimens  from  Injury  and  Dust, — On  this  subject 
it  was  necessary  to  remind  them  that  every  closed  case  was  practically 
acted  upon  by  changes  in  the  pressure  of  the  atmosphere  (in  the  same 
way  as  the  cistern  of  a  mercuriad  barometer),  and  that  it  drew  in  or  gave 
out  air  and  dust  with  every  change  of  pressure.  Professor  Miall,  at  the 
Yorkshire  College,  had  «  rectangular  hole  cut  in  the  top  of  each  case  and 
covered  with  damiette.  This  filters  the  air  passing  in.  He  (Mr.  Peek) 
felt  inclined  to  use  a  tube  filled  with  cotton-wool  for  this  purpose.  It 
must  be  remembered  that  enough  air  should  be  admitted  at  the  authorised 
entrance  to  prevent  supplies  from  being  sucked  in  through  the  inevitable 
joints  and  cracks  elsewhere. 
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3.  Tlie  CircuUUion  of  Specimens  and  Type-coUeciions  for  Educational 
Purposes, — ^The  importance  of  educating  the  eye  was  now  generally  recog- 
nised and  the  London  scientific  societies  are  more  and  more  introducing  the 
optical  lantern  at  their  evening  meetings.  The  advantage  of  the  circula- 
tion of  loan  collections  illustrating  the  subjects  taught  in  elementary 
schools  was  therefore  obvious.  At  Liverpool  a  system  haA  been  elaborated 
by  which  loaji  collections  were  prepared  and  circulated  among  a  large 
number  of  schools.  Experience  had  shown  that  the  collections  should  be 
arranged  in  cabinets,  each  containing  some  special  class  of  objects,  such  as 
food  products,  woods,  <fec.  Those  wishing  to  organise  a  plan  for  the  circu- 
lation of  collections  of  this  kind  should  consult  a  Paper  by  Mr.  J.  Chard 
in  the  Report  of  the  Museums  Association  for  1890. 

The  educational  advantages  of  a  museum  were  much  increased  by  a 
liberal  use  of  pictorial  illustrations  placed  as  near  as  possible  to  the  objects 
illustrated.  In  the  case  of  minute  objects  drawings  on  a  larger  scale  were 
of  the  highest  value,  while  models  and  casts  were  often  of  the  utmost 
service.  Labels  should  be  clear,  and  should  indicate  the  most  important 
points  in  plain  language.  When  specimens  could  be  replaced  without 
difficulty  a  certain  amount  of  handling  might  be  permitted.  It  was  most 
desirable  that  overcrowding  sho'ild  be  avoided,  and  that  the  utmost  care 
should  be  taken  in  the  selection  of  type-specimens.  Much  economy  of 
space  would  result  from  the  adoption  of  an  American  invention  which  he 
would  briefly  describe.  The  side  of  the  cabinet,  instead  of  having  one 
slide  for  each  drawer,  has  a  series  of  slides,  one  inch  apart,  all  the  way  up 
the  side,  the  bottom  of  each  drawer  having  a  tongue  to  fit  into  one  of 
these  slides.  It  was  clear  from  this  that  the  drawers  might  be  made  in 
multiples  of  an  inch  and  arranged  in  any  order  desired. 

4.  Centred  Referees  for  Nomenclature  and  Classification — One  of  the 
greatest  difficulties  which  the  average  curator  of  a  small  museum  had 
to  deal  with  was  the  nomenclature  of  the  varied  specimens  under  his 
charge.  An  organisation  of  specialists  who  would  for  a  small  fee  allow 
specimens  to  be  forwarded  to  them  for  identification  would  be  of  the 
greatest  possible  value.  Certain  abstruse  questions  might  not  even  then 
be  easy  to  answer  ;  but  if  nine-tenths  of  our  museum  specimens  could  be 
accurately  catalogued  a  great  step  in  the  right  direction  would  be  taken. 

5.  The  most  satisfactory  Method  of  making  Museu/ms  attractive, — To 
those  who  know  the  museums  at  South  Kensington,  or  some  of  the  equally 
well-arranged  local  museums,  this  heading  might  seem  unnecessary. 
But  many  present  might  be  able  to  call  to  mind  some  collection  in  a 
country  town  containing  many  most  valuable  local  specimens,  the  very 
existence  of  which  was  unknown  to  the  majority  of  the  inhabitants. 
This  state  of  things  was  yearly  becoming  rarer  ;  but  many  persons  could 
point  out  some  museum  almost  as  much  fossilised  as  the  fossils  it  con- 
tained, with  labels  either  illegible  from  age  or  invisible  from  displacement. 
Those  who  casually  entered  such  museums  seldom  revisited  them.  It 
was  most  desirable  that  the  English  as  well  as  the  Latin  name  of  a 
specimen  should  be  given.  Much  might  be  done  to  allow  of  comparisons 
between  creatures  of  diiferent  families  or  genera.  Thus,  at  the  Natural 
History  Museum,  South  Kensington,  the  skeletons  of  a  man  and  of  a 
horse  in  the  attitude  of  running  had  recently  been  plfitced  the  one  in  front 
of  the  other,  so  that  the  relations  of  the  two,  bone  for  bone,  could  be  dis- 
tinctly seen.  The  surgical,  ordinary,  and  veterinary  names  of  the  bones 
were  added  throughout 
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6.  Museum  Lectures  and  Demonstrabions. — While  the  great  value  of 
case-to-case  explaoations  was  inyanably  admitted,  the  difficulty  attending 
any  attempt  to  make  a  museum  demonstration  useful  to  any  large  number 
of  persons  was  equally  obvious.  One  most  experienced  demonstrator  had 
stated  that  the  largest  number  that  can  receive  real  benefit  from  a  case- 
to-case  demonstration  is  about  a  dozen,  and  had  recommended  that  the 
lecture,  illustrated  by  specimens  and  lantern  slides,  should  be  given  in  an 
ordinary  lecture-room,  and  a  demonstration  afterwards  in  the  museum  to 
the  smaller  number  seeking  further  information.  In  any  case  it  was  most 
desirable  that  the  demonstrator  should  be  placed  on  a  temporary  stand,  so 
that  he  might  see  and  be  seen  by  his  audience. 

7.  The  Relations  between  Museums  and  County  Councils,—  It  having 
always  appeared  to  him  that  demonstrations  in  museums  should  take  a 
very  prominent  part  in  technical  education,  especially  in  rural  distiicts, 
he  had  been  surprised  that  so  little  assistance  had  been  given  in  aid  of 
local  cf  illections  by  County  Councils.  In  order  to  ascertain  what  had  been 
done  in  that  direction  he  had  sent  out  a  circular  to  county  council 
technical  education  committees,  and  found  that  local  museums  and  free 
libraries  had  been  assisted  only  in  nine  cases.  The  County  Council  of 
Cumlierland  had  been  the  most  liberal,  having  made  a  grant  of  600^.  per 
annum  during  the  last  three  years  for  the  purpose  of  aiding  the  Corpora- 
tion of  Carlisle  to  erect  a  museum,  free  library,  and  art  school.  A  grant 
had  also  been  made  to  a  free  library  at  Whitehaven  for  the  purchase  of 
text-books  for  the  use  of  students  at  technical  instruction  classes,  and  a 
grant  of  200Z.  per  annum  had  been  given  to  the  local  board  of  Millom  in 
aid  of  the  free  library  and  technical  school  at  that  town.  In  Westmor- 
land a  grant  of  100^.  had  been  made  to  the  Kendal  Free  Library,  and  a 
similar  sum  had  been  given  for  the  purchase  of  books  on  scientific  sub- 
jects at  other  centres  in  the  county.  In  Northumberland  50  per  cent,  of 
the  cost  of  technical  books  for  village  and  other  libraries  had  (under 
certain  conditions)  been  defrayed.  At  Leeds  grants  had  been  made  to 
the  Free  Public  labrary  Committee  of  the  Corporation  for  the  purchase 
of  pictures  and  books.  In  Hertfordshire  money  had  been  given  to  free 
libraries  for  the  purchase  of  technical  books,  and  in  Montgomery  grants 
had  been  made  in  two  cases.  In  Surrey  no  aid  had  been  given  to  free 
libraries,  but  it  was  proposed  to  found  a  museum  in  connection  with 
buildings  for  technical  education  and  a  reference  library.  The  London 
County  Council  had  a  proposal  to  aid  a  certain  museum  under  con- 
sideration;  and  in  Dorsetshire  the  museums  at  Poole,  Dorchester,  and 
Sherborne  had  all  received  aid.  From  some  counties  no  information  had 
yet  been  received,  but  enough  had  been  stated  to  show  that  there  was  no 
insuperable  obstacle  to  the  application  of  money  intended  for  technical 
education  to  the  development  of  museums.  A  leading  object  with  the 
Government  was  the  development  of  local  activity,  and  he  felt  convinced 
that  any  grants  made  to  local  museums  and  free  libraries  would  tend  more 
than  anything  else  to  further  that  object. 

In  conclusion  Mr.  Peek  drew  attention  to  the  magnificent  museum 
founded  at  Oxford  by  General  Pitt-Rivers,  the  arrangement  of  which  was 
unique. 

The  Chairman  thought  they  were  much  indebted  to  Mr.  Peek  for  his 
paper,  and  invited  j*emarks  thereon. 

Sir  John  Evans  said  that  Mr.  Peek  had  left  little  for  anyone  to  add. 
The  card  catalogue  would  commend  itself  to  everyone  on  account  of  the 
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facility  with  which  it  could  be  consulted,  but  it  was  a  question  whether 
the  American  system  of  having  a  perforated  card  through  which  a  wire 
passed,  so  that  the  card  could  not  be  disturbed,  was  not  preferable.  The 
suggestion  that  a  slight  sketch  of  the  object  should  be  made  on  the  back 
of  the  card  was  a  valuable  one.  In  the  British  Museum  the  date  at 
which  an  object  was  received  was  generally  painted  upon  it.  He  would 
bfe  glad  if  anyone  could  suggest  any  means  by  which  the  ordinary  cabinet 
eould  be  kept  free  from  dust.  It  exhaled  air  when  the  day  was  warm, 
and  inhaled  it  in  the  cooler  evening.  He  had  tried  a  lining  of  cotton- 
wool, but  did  not  think  the  result  was  perfectly  satisfactory.  He  thought 
a  cabinet  constructed  on  the  American  principle,  alluded  to  by  Mr.  Peek, 
would  be  liable  to  dust  unless  its  door  was  extremely  close-fitting,  but  he  had 
applied  the  principle  in  a  somewhat  different  manner.  As  regards  referees 
for  nomenclature  and  classification,  an  association  like  that  suggested 
would,  no  doubtj  be  useful  but  at  the  present  time  any  curator  might 
consult  the  keepers  of  the  various  departments  of  the  British  Museum, 
either  at  South  Kensington  or  at  Bloomsbury,  with  a  certainty  of  prompt 
ajid  valuable  assistance.  He  doubted  whether  grants  to  museums  would 
be  permitted  to  pass  by  the  Government  auditors,  though  a  grant  of 
technical  books  to  a  local  museum  might  be  allowed.  In  thanking 
Mr.  Peek  for  the  manner  in  which  he  had  brought  this  subject  before 
them,  he  was  sure  that  he  gave  utterance  to  the  feeling  of  all  present. 

The  Rev.  O.  P.  Cambridge  believed  that  in  some  cases  County  Councils 
had  made  grants  which  they  were  not  altogether  legally  entitled  to  make, 
but  which,  from  the  good  work  done,  were  not  likely  to  be  called  in  ques- 
tion. As  regards  the  obliteration  of  labels,  he  had  a  large  collection  of 
specimens  in  spirits  of  wine,  and  had  been  in  the  habit  of  gumming  labels 
on  the  outside.  In  the  course  of  years  he  had  found  that  these  labels  soon 
became  spotted  and  indistinct,  and  had  consequently  written  new  labels 
on  good  paper  with  a  pencil  and  placed  them  inside  the  glass  jars  with  the 
most  satisfactory  results. 

Sir  Rawson  Rawson,  whose  experience  had  been  partly  tropical,  had 
not  always  found  pencil  marks  indelible. 

The  Rev.  O.  P.  Cambridge  wished  to  add  that  some  care  was  necessary 
in  selecting  a  pencil,  which  should  neither  be  very  hard  nor  very  soft 

Dr.  Garson  could  corroborate  what  had  been  said  as  to  the  advantages 
of  using  pencils  in  spirit  preparations.  No  kind  of  ink  would  answer,  but 
A  pencil  mark  would  remain  a  very  long  time  after  immersion  in  spirit. 
It  was  an  advantage  to  use  a  rough  paper. 

Mr.  W.  Gray  thought  they  were  all  much  indebted  to  Mr.  Peek  for 
the  admirable  way  in  which  he  had  handled  the  subject.  It  was  first 
necessary  to  stir  up  an  interest  in  a  locality  in  order  to  get  a  museum  ; 
secondly,  to  have  the  specimens  properly  housed ;  and  thirdly,  to  make 
the  museum  attractive.  To  be  attractive  it  must  be  educational,  and 
arrangements  should  be  made  for  the  circulation  of  some  of  the  cases 
through  the  country.  Aid  may  then  be  fairly  demanded  from  the  County 
or  City  Council.  The  circulation  of  specimens  did  away  with  the  dull, 
tlusty  monotony  so  characteristic  of  some  museums,  and  which  usually 
prevented  them  from  being  visited  more  than  once  or  twice.  Variation  in 
the  aspect  of  a  museum  constituted  a  most  important  element  of  attraction. 
In  Belfast,  through  the  agency  of  the  Society  he  represented,  they  had 
established  the  Belfast  Central  Museum,  Art  Gallery,  and  Library.  Sir 
John  Evans  had  given  the  museum  three  or  four  thousand  valuable 


Digitized  by  VjOOQIC 


CORRESPONDIKG  SOCIETIES.  33 

spedmens.  But  they  were  still  wanting  in  a  proper  organisation  of  their 
local  museum  for  educational  purposes,  and  the  sentiments  expressed  at 
that  meeting  would  enable  him  to  urge  the  matter  with  additional 
emphasis  before  the  Town  Council. 

Mr.  T.  W.  Shore  stated  that  three  years  ago  he  had  moved  a  resolu- 
tion, at  the  Cambridge  meeting  of  the  Museums  Association,  pledging 
the  Association  to  do  what  it  could  to  obtain  aid  for  museums  from 
County  Councils.  He  hoped  that  the  gathering  before  him  might  be  able 
to  aid  the  movement  in  some  way.  Mr.  Peek  had  mentioned  that  the 
clerks  of  many  County  Councils  expressed  doubts  as  to  the  legality  of 
grants  to  museums,  but  Mr.  Cambridge  had  shown  how  the  difficulty 
might  be  overcome.  It  was  dear  that  grants  could  be  made  by  County 
Councils  to  defray  the  expense  of  lectures  and  demonstrations  in  museums. 
He  would  therefore  suggest  that  circulars  might  be  sent  to  County 
Councils  pointing  out  that,  in  the  opinion  of  that  meeting,  grants  in  aid 
of  lectures  and  demonstrations  in  museums  might  be  made  with  excellent 
educational  results  and  without  any  risk  of  going  beyond  the  law. 

Mr.  Sowerbutts  remarked  that,  though  County  Coundls  might  be 
subject  to  the  Government  Auditor,  County  Boroughs  were  (he  thought) 
not  so  controlled.  In  Lancashire  ibey  did  not  trouble  the  auditors,  but 
when  the  councillors  became  extravagant  they  turned  them  out  at  the 
next  election. 

Mr.  Kenward  said  that  in  Birmingham  the  Corporation  had  established 
an  exoeUent  museum  and  an  art  gallery  which  were  entirely  supported  by 
the  rates.     They  had  never  sought  aid  from  the  County  Council 

Mr.  T.  Y.  Holmes  had  in  his  hands  a  letter  from  Mr.  William  Cole, 
Secretary  to  the  Essex  Field  Club,  who  was  intimately  acquainted  with 
the  system  of  technical  education  as  it  was  carried  out  in  Essex.     Mr. 
Cole  lamented  that  nothing  had  been  granted  by  the  County  Council  to 
aid  museums,  but  thought  that  to  do  so  was  probably  beyond  thdr  legal 
powers,  and  hoped  for  an  amendment  of  the  Act.     He  would  doubtless  be 
cheered  by  Mr.  Peek's  observations  on  that  point,  which  showed  that 
grants  to  museums  were  by  no  means  unquestionably  illegal — to  say  the 
least.     Mr.  Cole's  experience  had  given  nim  a  very  low  notion  of  the 
efficiency  of  mere  lecturing,  especiaUy  in  rural  districts.     Of  course  a 
lecturer  usually  brought  specimens  with  him,  but  with  the  departure  of 
the  lecturer  the  specimens  also  departed,  and  scarcely  any  real  interest  in 
the  subject  was  aroused.   What  was  really  wanted  was  a  permanent  central 
museum  which  was  continually  sending  forth  loan  collections  to  the  remoter 
districts,  and  which  allowed  them  to  remain  there  for  a  certain  time 
after  the  lectures,  illustrated  by  these  collections,  had  been  given.     Mr. 
Cole,  however,  did  not  think  that  museums  should  be  entirely  worked  by 
County  Councils,  as  that  would  greatly  weaken  the  interest  taken  in 
museums  by  the  naturalists  and  field  clubs  who  had  usually  originated 
them.     But  the  funds  of  almost  all  societies  of  naturalists  were  so  small 
that  the  greatest  hindrance  to  the  development  of  a  museum  was  a  want 
of  money,  which  suggested  a  want  of  permanence.     By  a  small  grant 
towards  the  expense  of  a  curator,  or  for  some  similar  purpose,  obtainable 
only  while  the  museum  remained  efficient,  a  County  Council  might  do 
very  much  to  render  a  museum  permanent  and  efficient  without  diminish- 
ing the  interest  of  individual  naturalists  in  its  development. 

Dr.   Brett  said  that,  in  order  to  bring  the  matter  to   a    practical 
conclusion,  he  would  like  to  propose  that  their  Secretary  should  write  to 
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all  the  County  ConnciLs  in  Great  Britain,  urging  upon  them  the  importance 
of  giving  aid  to  their  own  local  museums. 

After  some  discussion,  in  which  Dr.  Brett,  Sir  Douglas  Galton,  Mr. 
Gray,  Sir  John  Evans,  Mr.  Gushing,  and  Mr.  Whitaker  took  part,  the 
following  resolution  was  proposed  by  Sir  Douglas  Galton,  who  remarked 
that  in  his  county  it  was  held  to  be  contrary  to  the  law  for  a  County 
Council  to  give  directly  to  a  museum  : 

'That  in  the  opinion  of  this  Conference  it  is  desirable  that  local 
natural  history  societies,  and  those  in  charge  of  local  museums  should 
place  themselves  in  communication  with  the  technical  instruction  com- 
mittee of  the  county  or  borough  in  which  they  are  placed  with  the  view 
of  obtaining  pecuniary  grants  towards  extending  technical  knowledge  by 
means  of  lectures  or  by  demonstrations  in  museums.' 

Dr.  Brett  seconded  the  resolution. 

Mr.  Coates  stated  that  at  Perth  they  were  building  a  large  addition 
to  their  museum,  and  had  applied  for  aid  both  from  the  Town  Council 
and  the  County  Council.  They  had  obtained  a  grant  from  the  County 
Council  on  the  condition  that  they  should  provide  specimens  suitable  for 
agricultural  teaching.  These  specimens  would  be  used  for  lectures  and 
demonstrations.  They  had  been  advised  that  they  could  not  otherwise 
obtain  the  grant. 

Mr.  Elworthy  said  that  a  difficulty  under  which  many  of  them 
laboured  had  not  yet  been  touched  upon.  They  needed  the  services  of  an 
expert  who  would  visit  a  museum,  and,  for  a  certain  fee,  pronounce  with 
authority  '  this  is  rubbish '  in  the  case  of  worthless  specimens.  A 
Secretary  who  would  not  venture  to  get  rid  of  rubbish  on  his  own  re- 
sponsibility would  do  80  at  once  if  backed  by  the  opinion  of  a  dis- 
interested expert. 

Sir  John  Evans  thought  that  the  opinion  of  the  Secretary  ought  to  be 
deemed  sufficient.  In  answer  to  a  suggestion  that  the  word  'specimens' 
should  be  added  to  '  lectures  and  demonstrations '  in  the  reeolution,  he 
remarked  that  County  Council  money  could  not  be  spent  in  acquiring 
specimens. 

The  Chairman  then  put  the  resolution  to  the  meeting,  and  it  was 
unanimously  adopted.  He  then  asked  if  any  delegates  had  other  points 
connected  with  museums  to  bring  forward. 

Mr.  Seward,  as  representing  the  County  Borough  Council  of  Cardiff, 
was  most  anxious  to  learn,  if  possible,  what  things  bought  for  a  museum 
with  the  view  of  making  it  more  attractive  and  useful  to  the  poorer 
classes  could  be  legally  purchased  under  the  Act. 

Sir  John  Evans  replied  that  it  seemed  to  him  that  the  last  resource  in 
these  cases  was  the  Science  and  Art  Department  at  South  Kensington. 
If  the  Borough  Committee  wished  to  purchase  specimens  to  illustrate 
lectures  for  the  advancement  of  technical  education,  the  Clerk  of  the 
Council  should  write  to  South  Kensington  to  inquire  as  to  the  legality  of 
the  proposed  grant.  If  the  specimens  were  required  simply  to  increase 
the  efficiency  of  the  lectures,  they  would  probably  be  reganied  as  part  of 
the  lecture  apparatus,  and  the  vote  sanctioned. 

Mr.  Gray  remarked  that  at  Belfast  they  always  got  assistance  from 
South  Kensington  in  acquiring  proper  specimens  for  the  museum. 

The  Chairman  thought  that  the  Conference  could  not  possibly  attempt 
to  decide  the  point  raised  by  Mr.  Seward.  He  felt  sure  that  they  were 
all  most  grateful  to  Mr.  Peek  for  having  introduced  this  discussion  on 
museums,  which  he  believed  would  lead  to  most  useful  results.  )Oq[^ 
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Second  Confebence,  August  14,  1894. 

The  Corresponding  Societies  Committee  were  represented  by  Professor 
H.  Meldola  (Chairman),  Dr.  Garson,  Mr.  Hopkinson,  Sir  Rawson  Rawson, 
Mr.  Symons,  Rev.  Canon  Tristram,  Mr.  Whitaker,  and  Mr.  T.  V.  Holmes 
(Secretary). 

The  Chairman  said  that  with  reference  to  the  discussion  at  the  last 
Conference,  he  hoped  that  those  delegates  who  were  situated  in  places 
where  there  were  local  museums  would  do  their  best  to  further  the 
resolution  then  passed,  and  report  progress  at  the  Conference  next  year. 
They  had  now  to  consider  work  done  in  connection  with  the  various 
Sections,  beginning  with  Section  A. 


Section  A. 

MeUorological  Pliotagraphy. — Mr.  Clay  den  remarked  that  two  years  ago 
he  had  asked  to  be  put  into  communication  with  gentlemen  willing  to 
photograph  clouds  and  other  meteorological  phenomena.  He  had  been  put 
into  communication  with  photographers,  but  the  number  of  photographs 
sent  had  been  very  small.  Nevertheless,  an  almost  sufficient  collection 
had  been  received.  He  would,  however,  be  grateful*  for  photographs  of 
lightning  showing  anything  abnormaL  Now  and  then  he  read  of  the 
remarkable  results  of  a  whirlwind  in  some  district,  when  it  was  too  late 
for  him  to  take  steps  to  have  the  effects  photographed.  But  if,  in  such 
cases,  the  secretary  of  a  local  society  would  get  photographs  taken  at  once, 
and  send  them  to  him,  such  records  would  be  most  valuable. 

Sir  Rawson  Rawson  inquired  if  Mr.  Clayden  had  the  photographs  of 
storms  and  lightning  recently  exhibited  at  the  Royal  Society,  and  Mr. 
Clayden  replied  that  he  thought  he  had  a  considerable  number  of  them. 

Mr.  Holgate  thought  that  if  Mr.  Clayden  wrote  to  the  secretary  of  a 
local  society,  the  latter  would  always  be  able  to  obtain  information  as  to 
the  existence  of  photographs  showing  the  results  of  a  whirlwind  or  other 
abnormal  occurrence.  Mr.  Clayden  replied  that  he  had  often  tried  that 
plan,  but  had  usually  found  that  the  damage  had  been  cleared  away,  and 
that  he  was  too  late.  It  was  therefore  desirable  that  the  secretaries  of 
the  local  societies  should  arrange  for  phot<^aphs. 

Mr.  Hembry  inquired  whether  Mr.  Clayden  had  received  photographs 
showing  the  results  of  a  thunderstorm  a  few  weeks  ago  in  which  a  church  had 
been  struck  and  two  men  killed.     Mr.  Clayden  replied  that  he  had  not. 

Mr.  Sjrmons  remarked  that  much  help  could  bo  given  by  local  societies 
if  they  would  send  in  reports  promptly.  The  difficulty  was  that  individual 
members  did  not  feel  personally  responsible  in  the  matter.  Everybody's 
business  was  nobody's  business. 

Remarks  on  the  advantages  to  be  derived  from,  and  the  means  of  securing 
increased  co-operation  between  British  Association  committees  and  local 
societies  were  made  by  Mr.  Kenward,  Mr.  Gray,  and  Mr.  Symons. 

EarUh  Tremors. — Mr.  Davison  said  that  in  the  last  Report  of  the 
Earth-tremors  Committee  there  was  a  description  of  a  bifilar  pendulum 
invented  by  Mr.  Horace  Darwin.  It  had  been  tried  for  a  year  at 
Birmingham,  and  in  consequence  of  experiments  made  there  a  new  form  of 
instrument  now  exhibited  was  being  constructed.    Its  cost  would  be  about 
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60 1  The  local  societies  were  so  distributed  over  the  country  that  most 
placea  %v harts  it  was  desirable  that  one  of  these  instruments  should  be 
placed  were  within  the  area  of  one  of  them.  Instruments  placed  on  the 
coiin>e  of  gi^at  lines  of  fault  (or  diE^Wation  of  the  strata)  would  yield 
results  of  much  value. 

Mr,  Horace  Darwin  exhibited  and  explained  the  construction  and  use 
of  the  bitilar  pendulum.  Ho  said  it  was  not  affected  by  the  rapid,  com- 
plicated movements  which  t<x»k  place  during  an  earthquake,  or  by  the 
slight  tremors  caused  by  passing  carts  or  trains.  The  movements  which 
it  would  measure  were  such  as  would  make  a  factory  chimney  or  & 
vertical  post  fixed  in  the  ground  lean  over  to  one  side.  Extremely  small 
movements  of  this  kind  could  be  measured  and  recorded  on  photo- 
grapfiically  prepared  paper,  A  full  account  of  the  instrument  was  given 
ill  '  Nature/  July  12.  It  is  made  by  the  Cambridge  Scientific  Instrument 
Company. 

Mr.  Symons,  as  Chairman  of  the  Earth-tremors  Committee,  explained 
how  the  work  of  the  Committee  had  grown  and  in  what  direction  they 
needed  additional  help.  In  the  first  place,  the  attention  of  the  Committee 
had  been  directed  to  a  solution  o£  the  question  why  certain  vibrations 
were  recorded  by  an  instrument  which  had  been  placed  at  the  bottom  of 
one  of  the  deep  coal-mines  of  the  district  of  Newcastle-on-Tyne.  Instead 
of  a  straight  line  a  series  of  pulsations  had  been  obtained.  They  were 
traced  to  two  causes — one  the  gradual  settlement  of  the  ground  in  conse- 
quence of  the  removal  of  the  coal,  the  other  the  beating  of  the  waves  on 
the  coast.  They  had  since  been  Jooking  for  traces  of  eaiiJiquake  tremors, 
Mr.  Davison^  on  one  occasion,  w^atched  his  instrument  for  some  time,  as  he 
found  pulsations  were  taking  place.  These  pulsations  eventually  turned 
out  to  have  been  produced  by  the  earthquake  then  going  on  in  Greece, 
They  wanted  infonuation  as  to  the  changes  going  on  in  connection  with 
the  faults  in  geological  strata^  and,  if  possible,  to  get  records  of  the  altera- 
tions in  the  earth*s  crust  caused  by  tidal  waves.  When  the  ocean  was 
piled  up  at  one  part  of  the  earth's  surface  it  was  quite  possible  that  the 
elastic  surface  of  the  earth  bent  slightly  under  it.  Observations  of  that 
kind  shouhl  be  made  at  more  than  one  station.  The  work  was  now 
going  on  at  Birmingham  under  Mr.  Davison,  but  they  hoped  that  the 
Association  would  give  them  a  grant  for  a  second  instrument.  They 
wislied  to  make  sure  that  thoy  were  recording,  not  merely  local  phenomena, 
but  the  great  general  phenomena  of  the  earth's  crust.  He  was  glad  to  be 
able  to  record  that  one  instrument  had  been  established  at  an  observatory 
south  of  Biarritz  by  M,  Antcine  d'Abbadie,  who  had  kindly  presented 
a  duplicate  instrument  to  the  new  observatory  at  Edinburgh.  They  were 
anxious  to  see  two  or  three  instruments  of  this  kind  established  in  different 
parts  of  the  British  Isles,  and  hoped  that  some  of  the  wealthy  friends  of 
the  societies  represented  at  that  Conference  might  co-operate  in  finding: 
the  money  for  the  instruments. 

Mr.  Tiddeman  asked  whether  the  instrument  could  be  placed  in  an 
ordinary  house,  or  whether  it  required  a  special  place  in  a  separate 
building, 

Mr.  Symons  replied  that  Mr.  Davison  had  placed  it  on  the  cellar  floor. 
A  separate  building  might  be  preferable,  but  was  more  expensive. 

Mr,  Mills  did  not  think  the  instrument  would  be  of  much  use  to 
person F^  without  a  special  knowledge  of  it. 
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Mr.  Sjmons  remarked  that  Mr.  Darwin  had  undertaken  to  give  all 
tlie  necessary  information,  and  so  had  Mr.  Davison. 

In  answer  to  a  question  from  Mr.  Mills,  he  added  that  it  was  not 
essential  that  an  instrument  should  be  placed  in  a  mining  district,  but  it 
was  desirable  that  they  should  be  scattered  throughout  the  country. 

Mr.  Seward  said  that  he  would  try  to  get  one  placed  in  one  of  the 
deep  mines  of  South  Wales. 

The  Chairman  hoped  that  by  next  year  some  of  the  Corresponding 
Societies  would  have  something  to  report  on  this  question.  Mr.  Darwin 
had  kindly  offered  to  explain,  after  the  termination  of  the  Conference, 
the  mechanical  details  to  any  persons  interested. 

Section  B. 

Pollution  of  Air  in  Towns. — Dr.  G.  H.  Bailey  said  that  for  three  or 
four  years  they  had  been  engaged  in  Manchester,  in  connection  with  the 
Manchester  Field  Naturalists,  in  examining  the  air  of  towns  with  the 
view  of  ascertaining  the  extent  to  which  it  was  polluted.  This  was  a 
question  of  much  practical  importance,  for  the  amount  of  the  pollution  was 
a  pretty  good  indication  of  the  death  rate.  Those  times  of  the  year  at 
which  the  air  was  most  polluted  were  those  at  which  the  death-rate  was 
highest.  Hitherto  there  had  been  very  little  attempt  to  ascertain  the 
nature  and  degree  of  the  pollution,  and  it  had  been  their  endeavour  to 
examine  the  methods  by  which  the  pollution  of  town  air  could  be  detected, 
and  to  determine  its  nature  and  amount.  They  had  almost  perfected  a 
method  for  determining  the  amount  of  sulphur  compounds  in  the  air,  and 
one  for  measuring  the  amount  of  sunlight  in  towns.  They  had  found  that, 
whilst  in  extreme  cases  of  pollution  carbonic  acid  gas  varied  between  four 
and  seven  parts  in  10,000,  the  sulphur  compounds  varied  from  less  than 
one  up  to  fifty  per  million  parts.  The  pollution  varied  practically  as  did 
the  amount  of  the  sulphur  compounds.  The  work  was  hardly  yet  in  so 
complete  a  state  that  he  could  recommend  its  adoption  at  a  large  number 
of  other  towns,  but  it  would  interest  the  delegates  to  know  what  had  been 
done.  They  were  at  that  time  working  at  a  method  for  determining  the 
nature  and  amount  of  the  pollution  of  different  districts  of  large  towns. 
The  work  already  done  had  been  chronicled  in  the  'Journal  of  the 
Manchester  Field  Naturalists'  for  1893.  They  had  come  to  the  conclusion 
that  about  50  per  cent,  of  the  daylight  was  cut  off  by  the  smoke  of  a  town, 
speaking  of  that  form  of  light  which  could  be  registered,  viz.,  the  actinic 
rays.  They  had  found  that  the  centres  of  large  towns  sometimes  showed 
a  diminution,  as  compared  with  the  suburbs,  of  about  50  per  cent.,  the 
diminution  of  light  in  the  centres  of  large  towns  as  compared  with  the 
open  country  amounting  to  about  75  per  cent.  When  their  methods 
were  more  fully  perfected  they  hoped  to  have  the  co-operation  of  membera 
in  more  rural  districts.  They  had  been  working  at  the  indoor  as  well  as 
the  outdoor  pollution  of  the  air. 

Mr.  Slater  remarked  that  the  plants  of  very  smoky  districts  were 
either  destroyed  or  injuriously  affected  by  the  smoke. 

The  Chairman  said  that  it  was  well  known  to  London  naturalists  that 
iichens  were  once  common  on  tree  trunks  in  Epping  Forest,  but  few 
if  any  were  to  be  found  there  now.  It  is  too  near  London  for  them  to 
flourish. 

Mr.  Symons  remarked  that  Dr.  Bailey  had  apparently  employed  the 
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photographic  process  for  measuring  the  amount  of  sunlight,  as  he  spoke  of 
the  actinic  rays.  He  (Mr.  Symons)  would  point  out  that  the  burning 
sunshine  recorders  showed  exactly  tlie  same  result  for  the  other  end  of 
the  spectrum. 

The  Chairman  thought  the  matter  one  of  the  greatest  importance  to 
all  dwellers  in  large  towns,  and  Sir  Rawson  Rawson  remarked  on  its 
special  interest  to  medical  men. 

Mr.  Holgate  inquired  whether  they  were  to  understand  that  the  pro- 
portion of  sulphur  in  the  air  of  a  town  was  an  indication  of  the  amount  of 
its  death-rate. 

Dr.  Bailey  said  that  he  had  been  driven  to  the  conclusion  that  the 
amount  of  the  death-rate  of  a  district  was  closely  connected  with  the 
amount  of  pollution  in  its  air.  While  they  had  in  Manchester,  in  ordi- 
nary weather,  a  death-i-ate  from  respiratory  diseases  of  four  or  five  per 
thousand,  in  foggy  weather,  when  the  air  was  most  polluted,  there  was  & 
mortality  of  twenty  or  more  per  thousand  from  diseases  of  that  class. 
Plants  suffered  even  more  than  human  beings  from  air  pollution.  That  part 
of  the  work  had  been  undertaken  by  Prof.  Oliver,  of  University  College, 
London,  who  had  already  published  a  long  account  of  the  work  he  had 
done  in  connection  with  the  Royal  Horticultural  Society.  Dr.  Bailey 
added  that  the  method  he  had  used  for  recording  sunlight  was  not  photo- 
graphic, but  was  that  originally  suggested  by  Mr.  Angus  Smith.  It  gave 
a  relative  not  an  absolute  record,  and  recorded  the  amount  not  only  of 
sunlight  but  of  daylight.  Delegates  would  find  a  full  account  of  the 
methods  employed  in  the  *  Journal  of  the  Manchester  Field  Naturalists  * 
for  1893. 

Section  C. 

Mr.  Whitaker  (representing  Section  C)  said  that  the  first  subject  to 
which  he  would  refer  was  *  Coast  Erosion.'  The  final  report  on  this  sub- 
ject was  to  have  been  made  this  year,  but  it  would,  he  hoped,  be  made 
next  yefir.  After  the  publication  of  the  Report  the  subject  would  be 
handed  over  to  the  Corresponding  Societies,  and  those  which  have  coast 
borders  could  continue  the  work  by  recording  changes  on  6-inch  maps^ 
or,  still  better,  on  25-inch  maps.  The  other  subject  was  the  *  Circulation 
of  Underground  Waters.'  The  committee  dealing  with  this  matter  should 
have  ceased  to  exist  this  year,  but  the  final  report  would  not  appear  till 
next  year.  In  this  case  also  the  local  societies  would  be  able  to  continue  the 
investigation.  He  took  the  opportunity  of  telling  the  representatives  of 
the  Corresponding  Societies  that  they  wanted  records  of  wells  and  borings,, 
the  nature  of  the  beds  passed  through,  and  the  exact  site  ;  also  the  water- 
levels  and  the  effects  of  pumping  on  them,  the  temperature,  an  analysis  of 
the  water,  and  any  other  useful  information.  It  was  suggested  that  the 
twenty  reports  of  the  Committee  should  be  published,  but  in  that  case  the 
information  about  any  particular  district  would  be  scattered  through  several 
of  these  reports.  But  the  Committee  thought  that  if  these  reports  were 
arranged  topographically,  and  possibly  condensed,  many  local  societies 
would  be  glad  to  possess  the  volume.  He  hoped  the  local  societies  would 
be  able  to  encourage  the  Committee  in  the  publication  of  the  work  by 
subscribing  for  a  copy  of  it.  It  would  probably  form  a  book  of  250  to  300 
pages,  and  the  cost  would  not  exceed  lOa, 

Mr.  Slater  said  that  water  had  been  obtained  from  a  deep  well  at 
Malton  but  the  Local  Government  Board  had  objected  to  its  quality. 
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They  were  trying  to  adopt  the  remedies  suggested,  and  when  a  report 
was  issued  he  would  hand  it  to  Mr.  Whitaker. 

Mr.  Holgate  remarked  that  in  the  neighbourhood  of  Leeds  they  had 
Coal-Measures,  and  had  found  a  different  kind  of  water  at  each  level. 
This  was  the  case  throughout  the  coal-basin. 

Erratic  Blocks, — Mr.  Murdoch  said  that  it  seemed  a  pity  that  the 
labours  of  the  Erratic  Blocks  Committee  were  confined  to  England  and 
Ireland.  The  work  in  Scotland  had  been  by  no  means  so  completely 
done  as  was  commonly  supposed. 

Mr.  Gray  said  that  in  Ireland  they  had'  issued  their  first  report  on 
erratic  blocks. 

Professor  Blake  wished  to  inform  the  representatives  of  the  local 
societies  that,  being  engaged  in  examining  the  microzoa  of  clays,  par- 
ticularly of  Jurassic  clays,  he  would  be  much  obliged  if  they  could  send 
him  samples  of  f ossiliferous  clays  from  various  parts  of  the  country.  He 
would  be  glad  to  report  to  the  sender  on  the  general  character  of  these 
clays  and  their  microzoa.  There  was  another  matter  he  should  like  to 
take  the  opportunity  of  mentioning  to  them.  For  the  past  three  years 
he  had  published  a  book  (*  Annals  of  British  Geology ')  which  contained 
abstracts  of  the  geological  papers  read  before  the  local  as  well  as  the 
London  societies.  It  had  not  hitherto  been  self-supporting,  though  the 
loss  was  decreasing.  He  had  failed  to  get  a  grant  from  the  British 
Association,  and  could  no  longer  afford  to  publish  at  a  loss,  so,  though 
the  manuscript  for  the  fourth  volume  was  ready,  he  could  not  publish  it 
unless  he  received  additional  promises  of  support.  As  this  state  of  things 
was,  in  all  probability,  unknown  to  most  of  the  local  societies  and  their 
representatives,  he  had  taken  this  opportunity  of  mentioning  it. 
Mr.  Whitaker  trusted  Mr.  Blake's  remarks  would  cause  an  increased 
sale  to  that  most  useful  work,  the  '  Annals  of  British  Geology.' 

Geological  Fhotograplis. — Mr.  Jeffs  stated  that  they  had  received 
1,055  photographs.  Some  districts  were  totally  unrepresented,  possibly 
from  want  of  photographers.  The  Geological  Photographs  Committee 
had  passed  a  resolution  recommending  the  Council  of  the  British  Asso- 
ciation, whose  property  the  collection  was,  to  deposit  it  in  the  Museum 
of  Practical  Geology,  Jermyn  Street,  London.  As  to  the  question  of 
publication,  they  had  not  yet  found  a  publisher  who  would  take  the 
matter  up. 

The  Rev.  H.  H.  Winwood  had  found  great  difficulty  in  getting 
an  amateur  to  photograph  geological  sections.  Professional  men  were 
sometimes  worse. 

Section  E. 

Mr.  Sowerbutts  remarked  that  last  year  he  had  promised  to  give 
a  report  of  the  examination  in  geography  at  the  primary  schools  of 
Cheshire,  Lancashire,  and  Yorkshire.  Every  delegate  had  received  a 
copy  of  that  report.  They  had  come  to  the  conclusion  that  geography 
would  never  be  taught  satisfactorily  unless  it  was  made  a  compulsory 
subject.  It  was  disgraceful  that  geography  was  so  badly  taught,  or 
utterly  neglected,  in  the  schools  of  a  country  which  had  territory  in 
every  part  of  the  world.  They  had  been  pleased,  however,  to  notice 
that  much  progress  had  been  made  in  some  of  the  primary  schools  b^ 
the  institution  of  school  museums.      It  was  a  singular  isict  that 
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Yorkshire  the  girls  won  all  the  prizes,  and  in  Lancashire  the  boys.  The 
council  of  the  Manchester  Geographical  Society  thought  that  next  time 
they  would  test  the  secondary  schools.  His  society  had,  for  the  last  two 
or  three  years,  published  an  analysis  of  the  chief  geographical  papers 
which  had  been  published  in  English  and  foreign  journals,  a  necessary 
though  expensive  work.  He  hoped  that  some  day  there  would  be  an 
international  committee  to  deal  with  that  matter.  The  report  on  the 
Ordnance  Survey  was  a  very  interesting  and  important  one,  and  he  hoped 
the  delegates  would  read  it. 

Mr.  Whitaker  said  that  the  report  referred  to  had  not  reached 
members  of  the  Corresponding  Societies  Committee,  and  Mr.  Sowerbutts 
regretted  having  forgotten  them. 

Section  H. 

Ethnographical  Survey, — Mr.  Brabrook  remarked  that  the  delegates 
had  shown  so  much  interest  in  this  question,  and  so  many  had  given 
assistance,  that  he  need  only  give  some  account  of  the  progress  made 
since  their  last  Conference.  During  the  past  year  they  had  their  list  of 
suitable  villages  considerably  increased  :  there  were  now  367,  a  much 
larger  number  than  they  had  expected  would  be  suggested  as  places 
suitable  for  examination.  It  had  taken  much  time  to  draw  up  the  forms 
of  schedule,  of  which  each  delegate  had  received  a  copy,  but  he  thought 
the  work  well  worth  doing.  He  might  mention  that  at  Ipswich,  where 
they  would  meet  next  year,  a  sub-committee  had  been  formed  to  assist 
them,  which  had  already  been  of  much  use  ;  while  at  Liverpool,  where 
they  would  meet  in  1896,  the  keeper  of  the  museum.  Dr.  Forbes,  had  been 
kind  enough  to  undertake  that  his  assistant  in  the  ethnographical 
department  should  set  to  work  on  the  lines  we  propose  to  adopt.  Many 
gentlemen  engaged  in  special  observations  at  particular  places  might 
obtain  much  assistance  from  the  additional  facts  which  had  been  collected 
by  Dr.  Forbes.  In  Wales  their  sub-committee  had  met,  and  had  formu- 
lated some  proposed  regulations  for  action  which  the  Central  Committee 
thought  very  wise,  and  they  hoped  that  work  would  soon  be  begun  in 
Wales  on  the  lines  indicated  by  Mr.  Allen.  In  Ireland  Professor  Haddon 
had  drawn  up  a  report  of  the  work  done  there,  which  was  of  great  im- 
portance. In  combination  with  Dr.  C.  R.  Brown  he  had  prepared  a  great 
number  of  papers  resembling  the  schedules  of  instructions  issued  by  the 
Central  Committee.  He  hoped  that  his  Honour  Deemster  Gill  would 
become  interested  in  the  matter,  because  they  had  two  excellent  corre- 
spondents in  the  Isle  of  Man  already — Mr.  Moore  and  Mr.  Kermode — and 
it  appeared  to  him  that  those  three  gentlemen  would  form  an  admirable 
sub-committee  for  that  quarter.  In  Scotland  they  had  a  promise  of 
assistance  from  gentlemen  representing  the  Glasgow  Archseological  Society. 
He  had  lately  presided  at  a  congress  of  archseological  societies,  and  had 
made  a  statement  on  the  subject  of  the  Ethnographical  Survey.  The 
organisers  of  the  congress  were  good  enough  to  ask  him  as  to  the  cost  of 
an  explanatory  statement  which  could  be  circulated  among  their  own 
members  with  their  transactions.  He  had  answered  that  he  would  be 
willing  to  pay  for  the  setting-up  of  the  statement,  if  the  various  societies 
would  pay  the  cost  of  printing  off  the  number  of  copies  required.  He 
would  be  pleased  to  make  a  similar  arrangement  with  any  of  the  corre- 
nx)nding  societies,  and  would  be  glad  to  receive  suggestions  of  any  kind 
jn  any  of  the  delegates  present.     He  wished  to  make  one  additional 
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remark.  They  had  been  told  that  their  instructions  with  regard  to  photo- 
graphing were  too  minute.  But  those  instructions  had  been  drawn  up  by 
Mr.  Francis  Galton  with  reference  to  his  system  of  composite  photographs, 
and  any  departure  from  them  would  make  the  application  of  that  system 
comparatively  difficult.  At  the  same  time  they  did  not  wish  to  lose  any 
photographs  which  might  come  in  useful,  even  if,  in  their  case,  the  instruc- 
tions had  not  been  followed. 

Mr.  Sowerbutts  stated  that  with  regard  to  photographs  the  old  people 
in  his  district  objected  to  be  photographed  and  measured,  apparently  from 
a  notion  that  to  allow  it  would  be  to  render  themselves  subject  to  witch- 
craft. They  had  found  a  difficulty  in  providing  the  necessary  apparatus 
for  their  ethnographical  work. 

Dr.  Garson  wished  to  say  that  as  regards  the  photographs  it  was  not 
necessary  to  get  all  the  appliances  Mr.  Galton  had  mentioned.  A  very 
simple  arrangement  could  be  made  by  means  of  three  sticks  set  up  so  as 
to  give  the  exact  notion  of  a  person's  height,  the  top  of  his  head  coming 
across  the  transverse  stick.  The  seat  could  be  raised  or  lowered  like  that 
of  a  piano-stool,  so  that  each  person  sitting  on  it  would  have  his  head  in 
the  same  place,  whatever  his  height  might  be.  It  was  well  also  to  have 
chalk  lines  on  the  floor  at  right  angles  to  each  other,  the  sitter  being 
directed  to  look  along  one  or  the  other  of  them.  They  did  not  want  the 
measurements  of  very  old  people,  or  indeed  of  persons  more  than  fifty 
years  old. 

Mr.  Brabrook  added  that,  as  regards  the  supply  of  apparatus,  the  price 
of  the  cheaper  kind  of  instrument  for  taking  measurements  was  II.  69., 
but  there  was  a  better  one  at  3L  Ss. 

Dr.  Garson  remarked  that  the  one  at  1^.  6^.  was  quite  good  enough. 

The  Chairman  said  chat  in  his  opinion  they  had  held  a  very  useful 
Conference,  and  in  concluding  it  he  wished  to  express  the  hope  that  the 
delegates  would  bring  its  proceedings  under  the  notice  of  their  respective 
societies  in  as  forcible  and  complete  a  way  as  possible.  The  custom  of 
the  Essex  Field  Club  was  to  ask  their  delegate  to  send  in  a  report  of 
what  had  been  done,  and  to  publish  it  as  soon  as  possible  in  the  '  Essex 
Naturalist.'  He  hoped  other  Corresponding  Societies  would  act  in  a 
'  similar  manner. 

A  vote  of  thanks  to  the  Chairman  was  proposed  by  Mr.  Symons, 
seconded  by  Dr.  Garson,  and  carried  unanimously.  The  proceedings  then 
terminated. 

The  Committee  recommend  the  retention  of  all  the  Societies  at  present 
on  the  list,  with  the  exception  of  the  Royal  Geological  Society  of  Ireland, 
the  Bedfordshire  Archaeological  and  Natural  History  Society,  and  the 
liverpool  Geographical  Society,  which  have  not  complied  with  the  regu- 
lations. 

The  Committee  have  pleasure  in  reporting  that  the  Berwickshire 
Naturalists'  Club,  the  Glasgow  Archaeological  Society,  and  the  Norfolk  and 
Norwich  Naturalists'  Society  have  been  added  to  the  list  of  Corresponding 
Societies. 
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Report  on  the  Present  State  of  our  Knowledge  of  Thermodynamics. 

By  G.  H.  Bryan. 

Part  II. — The  Laws  op  Distribution  op  Energy  and  their  Limitations. 
(  With  an  Appendix  by  Prof.  Ludwig  Boltzmann.) 

Introduction, 

1.  This  Report  deals  primarily  with  the  Boltzmann-Maxwell  Law  and 
Maxwell's  Law  of  Partition  of  Kinetic  Energy,  which  form  the  basis  of 
the  Kinetic  Theory  of  Gases.  One  of  the  main  points  kept  in  view  has 
been  to  show  where  to  draw  the  line  between  dynamical  systems  which 
do  and  dynamical  systems  which  do  not  satisfy  the  laws  in  question. 

Since  the  appearance  of  the  first  Report  ^  several  papers  have  appeared 
which  have  thrown  a  somewhat  different  light  on  certain  aspects  of  the 
subject,  and  have  thus  materially  assisted  in  crystallising  our  knowledge 
of  this  branch  of  Thermodynamics  into  a  definite  form.  In  order  to  pre- 
vent unnecessary  controversy,  I  have,  as  far  as  possible,  avoided  drawing 
conclusions  from  arguments  of  a  vague  and  theoretical  nature.  Wherej 
however,  results  are  based  on  purely  mathematical  calculations  they  must 
be  understood  to  be  liable  to  modification  should  further  examination 
show  the  calculations  to  be  faulty  or  inaccurate.  It  is  necessary  to 
mention  this,  as  one  of  the  investigations  cited  in  Part  I.  has  subse- 
quently been  found  to  be  incorrect,  with  the  result  of  very  materially 
altering  our  views  on  the  question  at  issue.' 

A  great  advance  iu  the  present  subject  is  due  to  the  extension  of  the 
use  of  generalised  co-ordinates,  by  which  greater  generality  has  been  given 
to  results  and  the  analysis  much  simplified,  as  a  comparison  of  Boltzmann's 
early  papers  with  modem  writings  abundantly  testifies.  A  further  sim- 
plification has  been  effected  by  the  use  of  the  Jacobian  notation. 

For  convenience  I  have  in  places  written  exp— AE  forexp(— AE)  or  c~*^. 

The  present  Report  is  divided  into  three  sections.  In  Section  I. 
Maxwell's  Law  of  Partition  of  Energy  is  regarded  in  the  aspect  of  a  general 
dynamical  theorem,  without  reference  to  any  particular  applications,  and 
without  taking  into  account  the  effect  of  collisions.  Section  II.  treats  of 
the  Boltzmann-Maxwell  Law  for  a  system  of  bodies  colliding  with  one 
another  indiscriminately,  and  partaking  of  the  nature  of  gas  molecules. 
Section  III.  deals  briefly  with  certain  researches  connecting  the  Boltzmann- 
Maxwell  Law  with  the  Theory  of  Probability,  the  Virial  Equation,  and  the 
Second  Law  of  Thermodynamics. 

Section  I. — Non-colliding  Systems. 
Clerk  MaocweWs  Investigations. 

2.  Clerk  Maxwell's  investigations*  have  played  such  a  prominent  part 
in  the  literature  of  the  Kinetic  Theory  that  I  think  it  desirable  to 
recapitulate  his  paper  briefly,  so  as  to  show  more  clearly  what  assump- 
tions he  made  and  how  much  he  actually  proved. 

>  Qurdiff  Hepor.',  1891,  pp.  86-122. 

'  The  results  stated  in  the  first  twelve  lines  of  Part  I.  Section  III.  §  44  are  now 
known  to  be  erroneous.    See  also  §§  36,  37  below. 

•  •  On  Boltzmann's  Theorem  of  the  Average  Distribution  of  Ener^  in  a  Pystem 
of  Material  Toin's/  Tran*.  Cantb.  Phil.  Soc,  xii.  1879. 
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It  in«ty  be  safely  asserted  that  a  large  portion  of  our  progress  in  the 
present  subject  has  been  made,  first,  by  showing  that  Maxwell's  demon- 
strations are  faulty  and  unsatisfactory,  and  subsequently  by  discover- 
ing fresh  methods  of  proof,  which,  while  >  leading  to  the  same  general 
conclusions,  show  more  clearly  the  limitations  and  conditions  under  which 
these  conclusions  hold  good.  In  this  process  of  destruction  and  recon- 
struction a  large  amount  of  literature  has  accumulated,  and  I  shall 
endeavour  in  the  present  Report  to  unearth  from  the  general  mass  the 
main  results  to  which  these  papers  tend. 

3.  Maxwell  claims  that  his  theorem  is  applicable  to  any  dynamical 
system  whatever.  'The  material  points  may  act  on  each  other  at  all 
distances  and  according  to  any  law  which  is  consistent  with  the  equation 
of  energy,  and  they  may  also  be  acted  on  by  any  forces  external  to  the 
system,  provided  these  also  are  consistent  wiUi  that  law.  The  only 
assumption  which  is  necessary  for  the  direct  proof  is  that  the  system,  if 
left  to  itself  in  its  actual  state  of  motion,  will  sooner  or  later  pass  through 
every  phase  which  is  consistent  with  the  equation  of  energy.'  ^ 

4.  Instead,  however,  of  a  single  system.  Maxwell  considers  a  large 
number  of  independent  dynamical  systems,  similar  in  every  respect, 
each  defined  by  its  n  co-ordinates  (g,,  .  .  .  q^)  and  the  corresponding 
n  momenta  (j^i,  .  .  .  J^n)-  Each  system  is  capable  of  passing  through 
every  phase  which  is  consistent  with  the  equation  of  energy,  and  it  is 
thus  assumed  that  all  the  systems  have  the  same  energy.  In  &e  case  of  a 
free  system  unacted  on  by  external  forces,  the  six  components  of  linear 
and  angular  momentum  remain  constant,  and  Maxwell  assumes  that  these 
are  the  same  for  all  systems. 

5.  Taking  the  '  action '  of  the  system  during  any  period  of  the  motion^ 
he  employs  this  function  to  establish  the  determinantal  relation  between 
the  multiple  differentials  of  the  co-ordinates  and  momenta  at  the  beginnings 
and  end  of  any  interval,  and  thus  establishes  the  relation 

a(Pi,  .  .  .i^^^i,  .  .  .^»)"^    .       .       .      (1> 

from  which  he  deduces  that,  if  the  energy  E  be  kept  constant,  so  that  2>\ 
can  be  expressed  as  a  function  of  the  n—  1  other  jp's,  then 

8{P2»  '  '  '  Pn,  qu  '  '  '  qn)   qi         •      •     ^  ^ 

6.  Hence  it  follows  that,  if  the  systems  are  so  distributed  that  the 
number  which  initially  have  their  co-ordinates  and  momenta  within  the 
limits  of  the  multiple  differential  dp^  .  •  .  dp^^  dq^  ,  .  ,  dq^  be 

NO 

^f^P%    -    '    '    <^P»   <kl    '    '    '    ^n  •  •  •  (3> 

their  total  energies  being  all  equal  and  G  a  constant,  then  the  same 
expreadon  gives  the  law  of  distribution  at  any  subsequent  time.  Maxwell 
says :  'We  have  found  one  solution  of  the  problem  of  finding  a  steady 
distribution ;  whether  there  may  be  other  solutions  remains  to  be  inves 
tigated.' 

>  Zoe,  eit.,  p.  548 
1894.  ^  9      T 
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7.  He  next  assumes  that  the  momenta  (now  denoted  by  a,,  .  ,  ,  a„) 
may  be  so  chosen  as  to  reduce  the  kinetic  energy  to  a  sum  of  squares,  or 

T=i2/vi,' (4) 

\Vith  this  assumption,  he  integrates  (3)  with  respect  to  the  momenta,  and 
finds  by  Dirichlet's  method 

jHcfa,  .  .  .  <fa,_,  2-«r(in)       (E-V-Ka,»)«<-«> 

|fc-«da,...da.    -r(i)r[K«-i)]      (E-V7^=ir— /^ 

where  6i=fiia,.  Hence  he  infers  that  if  K^^^fi^a^^  is  the  part  of  the 
kinetic  energy  arising  out  of  the  momentum  o^,  then  the  number  of  systems 
in  a  given  cor^urcUiouy  in  which  k^  lies  within  limits  differing  by  dk^a  is 

r(i«)       (E-v-^,r-'j^_t^^  , 


iXi)r[ir(«^^    (E-V)""- 

and  that  since  this  expression  only  involves  A;„,  therefore  the  law  of  distri- 
bution of  the  kinetic  energy  is  the  same  for  all  the  momenta.  Multiplying 
the  above  expression  by  A;,,  and  integrating  from  A;^=0  to  &^=T=E— V, 
we  find  that  the  mean  value  of  k^  is 

K=1(E-V)=1t         .        .  .      (6) 

n  n 

the  maximum  value  being  of  course  equal  to  T,  because  the  portions  of 
the  kinetic  energy  due  to  the  other  momenta  cannot  be  negative.  Hence 
Maxwell  infers  *  that  the  average  kinetic  energy  corresponding  to  any  one 
of  the  variables  is  the  same  for  every  one  of  the  variables  of  the  system.' 
This  result  is  commonly  called  Clerk  MaocweWs  Theorem, 

8.  In  Part  II.  of  the  paper  Maxwell  deals  with  a  free  system,  con- 
sisting of  n  particles  not  acted  on  by  external  forces.  For  such  a  system 
not  only  the  energy  but  also  the  velocity-components  of  the  centre  of  mass 
and  the  components  of  angular  momentum  round  this  point  in  any  three 
fixed  directions  will  be  constant  throughout  the  motion.  Maxwell  therefore 
assumes  them  the  same  for  every  system.  Under  these  circumstances  the  3n 
momentum-components  of  the  system  are  not  all  independent,  but  seven 
of  them  can  be  expressed  in  terms  of  the  rest  by  means  of  the  seven 
equations  of  condition,  and  the  law  of  permanent  distribution  is  expres- 
sible in  terms  of  the  multiple  differential  of  the  Sn  co-ordinates  and  3n — 7 
of  the  velocity  components  of  the  particles.  The  algebra  is  very  long 
and  laborious,  and  need  not  be  examined  in  detail  here.  The  objections 
to  Maxwell's  investigations  can  be  much  more  easily  discussod  and 
criticised  with  reference  to  the  simpler  case  considered  in  Part  I.,  and 
the  law  of  distribution  in  a  free  system  can  be  treat<ed  more  simply  by 
alternative  methods  {vicle  §§  16-18,  §  45,  and  appendices  A,  B  belowhl. 

Ths  Assumption  thai  the  System  passes  through  every  Phase  consistent 
with  the  Equation  of  Energy.  \ 

9.  This  assumption  probably  presents  greater  difficulties  than  kny 
other  part  of  the  Kinetic  Theory,  and  it  is  therefore  advisable  to  c*  )m- 
mence  by  stating  under  what  circumstances  it  requires  to  be  made 
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The  whole  of  Maxwell's  demonstration,  and  most  of  the  investigations 
of  Boltzmann,^  Watson,'  and  other  writers  on  the  same  subject,  are  based 
on  the  consideration  of  an  infinitely  large  number  of  independent  systems, 
similar  in  every  respect,  whose  co-ordinates  and  momenta  at  any  instant 
are  distributed  according  to  a  fixed  law,  and  the  object  is  to  find  what 
this  distribution  must  be  in  order  that  it  may  be  independent  of  the 
time  and  unaffected  by  the  motions  of  the  Sfystems.  I  cannot  see  that 
these  investigations  anywhere  assume  that  each  individual  system  passes 
through  every  possible  phase.  At  each  instant  there  must  be  some 
systems  in  every  possible  phase ;  but  a  distribution  would  obviously  be 
permanent — and  very  much  so  indeed — in  which  each  Sfystem  always 
remained  in  the  same  phase,  and  never  passed  into  any  other  phase. 

10.  The  assumption  first  confronts  us  when  we  attempt  to  pass  from 
the  consideration  of  a  large  number  of  systems  to  that  of  a  single  system, 
«.«.,  if,  having  investigated  the  result  of  averaging  the  distributions  of 
energy  at  a  given  instant  over  the  different  cfystems,  we  wish  to  infer 
similar  properties  for  the  corresponding  time-averages  for  any  one  of  the 
systems. 

It  is  easy  enough  to  suggest  systems  to  which  the  assumption  is 
inapplicable.  Most  of  the  *  test  cases '  which  have  been  suggested  as  dis- 
proving the  law,  and  which  will  be  considered  later  on,  are  instances  of 
such  systems.  Lord  Bayleigh'  has  suggested  as  another  instance  an 
elastio  ball  moving  on  a  table  having  a  circular  boundary,  at  which  it  is 
reflected.  If,  instead  of  taking  a  single  particle,  Lord  Rayleigh  had  sup- 
posed the  table  covered  with  such  particles  initially  distributed  uniformly 
over  its  area,  and  projected  in  such  a  manner  that  at  any  point  as  many 
particles  were  moving  in  one  direction  as  in  another,  he  would  find  these 
same  conditions  satisfied  at  any  subsequent  time,  and  this  is,  to  my  mind, 
all  that  Maxwell  proves. 

11.  It  Ib  far  less  easy  to  suggest  any  simple  system  which  does  satisfy 
the  assumption.  The  tracing  point  of  a  Lissajous'  pendulum  curve-tracer, 
considered  by  Boltzmaon,^  or  in  other  words  a  particle  whose  equations 
of  motion  are 

iB-|-a"w=0,        y+bh/^0, 

possesses  when  a,  b  are  incommensurable  the  property  of  passing  sooner 
or  later  through  every  point  within  a  certain  rectangle,  but  it  does  not 
possess  the  other  necessary  property  of  passing  through  any  point  in  every 
possible  direction  in  succession.  This  may  be  easily  seen  for  the  simplest 
case  when  a  is  nearly  but  not  quite  equal  to  6  :  here  the  path  is  nearly 
elliptical,  and  there  are  only  two  possible  directions  at  any  point.  Hence, 
in  order  to  satisfy  the  assumption,  Boltzmann  requires  a  thin  elastic 
cylinder  to  be  placed  perpendicularly  to  the  plane  of  motion^  so  that  the 
particle  may  have  its  direction  of  motion  changed  each  time  it  strikes  and 
rebounds  from  the  cylinder.  And  this  introduces  collisions  into  the 
problem. 

' '  Ueber  die  Eigenschaften  monocyklischer  nnd  anderer  damit  verwandter 
Systeme/  Journal  fur  die  reins  nnd  angemandte  Mathematik^  zcviii.  p.  68. 
*  Analogien  des  zweiten  Hauptsatzes,'  iHd.^  c.  pp.  206,  207,  and  other  papers. 

'  Kinetio  Theory  vf  Gates^  new  edition,  p.  23. 

»  PkU,Maff.,  April  1892.  p.  367. 

*  *  Ueber  die  mechanischen  Analogien  des  zweiten  Hauptsatzes  der  Thermo- 
dynamik,'  Joumal/ur  die  MathenuUik,  c.  p.  203. 
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To  discover,  if  possible,  a  general  class  of  dynamical  systems  satisfying 
the  assumption  would  form  an  interesting  subject  for  future  investigation. 
It  is,  however,  doubtful  how  far  Maxwell's  law  would  be  applicable  to 
tho  time-averages  of  the  energies  in  any  such  system.  We  shall  see,  in 
what  follows,  that  the  law  of  permanent  distribution  of  a  very  large 
number  of  systems  is  in  many  cases  not  unique.  Where  there  is  more 
than  one  possible  distribution  it  would  be  difficult  to  draw  any  inferences 
with  regard  to  the  average  distribution  (taken  with  respect  to  the  time) 
for  one  system. 

Thus  the  proof  of  Maxwell's  Law  of  Partition  of  Energy  furnishes  no 
general  conclusions  with  regard  to  the  average  distribution  of  energy  in  & 
single  conservative  dynamical  system  with  a  finite  number  of  degrees  of 
freedom,  independently  of  initial  circumstances,  except  by  making  as- 
sumptions which  are  nearly  tantamount  to  assuming  the  law.  It  may 
reasonably  be  inferred  that  no  such  conclusions  exist.  We  shall  therefore 
assume  in  future,  unless  otherwise  stated,  that  we  are  dealing  with  the 
distribution  at  any  instant  in  a  large  number  of  systems. 

12.  It  is  probable  that  the  molecules  of  a  gas  in  the  '  special '  or  equi- 
librium state,  in  consequence  of  their  frequent  collisions,  satisfy  the 
assumption,  which  Boltzmann  ^  has  employed  to  give  a  simple  proof  of  the 
«"*"  law  of  distribution.  But  he  was  careful  to  point  out  that  no  proof 
had  been  given  that  the  assumption  either  was  satisfied  or  could  be 
satisfied  by  gas-molecules,  and  he  therefore  referred  for  an  alternative 
verification  of  his  results  to  an  independent  but  longer  proof  ^  based  on  a 
consideration  of  the  collisions  between  molecules.  Similar  questions  are 
raised  by  Boltzmann  in  his  Appendix  to  this  Report. 

Tlie  Evaluation  of  the  Functional  Determinant 

13.  Watson 'has  raised  an  objection  to  Maxwell's  evaluation  of  the 
functional  determinant  on  the  ground  that  the  result  takes  the  form 

3(P„  .  .  .(?„)     A' 

where  A  and  A'  are  separately  zero ;  and,  therefore,  the  investigation 
leaves  the  value  of  the  determinant  undeterminate.  This,  he  &ows^ 
follows  from  the  fact  that  the  condition  E  constant  supplies  no  independent 
relation  between  the  initial  and  final  states. 

Both  Watson*  and  Lord  Rayleigh*  have  therefore  given  an  inde- 
pendent proof  based  on  the  substitution  of  Hamilton's  '  principal  function ' 
S,  for  the  *  action '  A,  where 

S=r(T-'^M< 
and 

>  *Einige  allgemeine  Satze  liber  Warmegleichgewicht.*  Sitzunfftberiekte  der 
k,  Wiener  Akademie  der  Wutensoha/ten,  Ixiii.  (part  ii.),  pp.  707,  711. 

3*Ueber  das  Warmegleichgewicht  zwischen  mehratomigen  GasmolekUlen,*  Sitzber. 
der  k.  Wiener  Akad.,  Ixiii.  (ii.).  p.  397. 

*  Nature,  May  12,  1892 ;  Kinetic  Theory  of  Qaeee,  new  ed.,  p.  22,  footnote. 
<  Xinetio  Theory  of  Qomm,  §  8. 

•  PhU.  Mag.,  April  1892. 
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Whence  they  show  that  if  ike  motions  all  occupy  a  fixed  time,  so 
that  the  initial  and  final  states  are  connected  by  the  assumed  relation 
<'  —  <=: constant,  then 

8(jP/>  -  '  -K>g/>  -  '  ■  gnO^i     ...       (1) 

14.  There  is  another  Jacobian  relation  similar  in  form  but  entirely 
different  in  meaning,  of  which  the  importance  seems  to  have  been  hardly 
fully  appreciated,  if  we  may  judge  from  the  absence  of  references  to  it  in 
most  writings  on  the  Kinetic  Theory.  In  order  that  the  Boltzmann- 
Maxwell  Law  may  be  definite,  it  must  be  independent  of  the  choice  of 
variables  as  co-ordinates  of  the  systems  considered,  and  for  this  it  is 
necessary  for  the  multiple  differential 

dpidp2  .  .  .  dp^dq^dq^  .  .  .  dq^ 

to  be  independent  of  the  particular  co-ordinates  ^],  ^2,  .  .  .  qn  chosen  to 
specify  the  configuration  of  the  system  of  each  instant  of  time,  provided 
that  jp],  j92,  .  .  .  Pn  are  the  corresponding  momenta. 

The  proposition  may  be  stated  and  proved  as  follows  : — 
I^*<?i>  9'2>  •  •  •  9'n  be  any  generalised  co-ordinates  defining  a  dynamical 
system,with  n  degrees  of  freedom ;  PuP^,  •  •  •  JPn  ^^^  corresponding  gene- 
ralised momenta.  Let  Q|,  Q3,  ...  Q^  be  any  other  set  of  co-ordinates, 
P,,  P2,  .  .  .  P„  the  corresponding  momenta.  It  is  required  to  prove  that 
the  relation 

9(Q.,Q.,  .  ■  .  Q.,P,  .  .  .  Pn)_i       ...    (8) 

9(<?l>5'2>     '    -    '     ^mPi     '    '    -    Pn) 

liolds  good  at  any  instant  of  the  motion. 

Let  the  new  co-ordinates  be  connected  with  the  old  by  the  relations 

Then  by  differentiation 

^'-^dq^^'^dq,^'   +     '"    ^dt 


^aQ,^  .  9Q2.  .  .8/. 


whence 


Again,  ^^=0,'since'the  equations  of  relation  do  not  depend  on  the 

^Pn 

velocities  or  momenta. 

From  the  last  relations  the  terms  in  a  quarter-square  of  the  Jacobian 
vanish ;  and,  therefore,  the  Jacobian 

„9(Qi,  .  .  .  Q,)   ^  9(Pi,  »  ■  >  P>) 
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Now,  supposing  that  t^qiy  .  .  .  q^&ve  kept  constant  daring  differen- 
tiation, we  have 

P  =^=^^    ^  ^h  + 

,    9(P,,P2,  .  .  .  Pn)   ^  9(^1,  yi   >  >  >   yn)   ^  9(yi,  q^    .  .  .  qn) 
• '  9(^1, 7>2,  ...;>«)        ?(Q"„  Q2  .  .  .  Q«)"        9(Qi,  Q,  .  .  .  Q«) 

9(jPi,;?2,  .  .  .  ;>n)        9(s'i,  gs,  .  .  .  S'J 

Tlie  Most  General  Law  0/ Permanent  Distribution  /or 
Non-coUiding  Systems. 

15.  The  possible  laws  of  permanent  distribution  of  the  co-ordinates 
and  momenta  among  a  large  number  of  such  systems  may  now  be  esta- 
blished thus : — 

We  know  that  for  any  one  system  the  total  energy  is  independent  of 
the  time  or 

E=constant, 

and  the  determinantal  relation  shows  that  the  multiple  differential 

dpx  dp^  .  .  .  dq^ 

is  also  independent  of  the  time. 

Therefore,  if  the  law  of  distribution  be  such  that  the  number  of 
systems  included  within  the  multiple  differential  at  any  instant  of  time 
{t)ia 

/{'E)dp,  .  .  .  dq (9) 

where /denotes  any  function  whatever,  the  same  law  will  hold  good  at 
any  subsequent  instant  of  time  (f). 

16.  The  above  proof  depends  only  on  the  fact  that  E=constant  is  an 
integral  of  the  equations  of  motion  of  the  system  and  not  on  any  other 
property  peculiar  to  E.  But  the  equations  of  motion  may  have  other 
integrals  as  welL  In  such  cases  (3)  does  not  represent  the  most  general 
law  of  permanent  distribution. 

For  if  the  integrals  in  question  be 

Ai=const.     A.2  *=:  const.,  &c, 

then  any  distribution  expressed  by  the  formula 

/(E,h^,hi, )dp, dq^    .         .        .    (10) 

will  also  be  independent  of  the  time,  and  therefore  permanent. 

This  is  the  most  general  form  of  the  law  of  permanent  distribution  in 
a  system  of  non-colliding  bodies.  It  is  applicable  in  particular  to  the  free 
systems  considered  in  Part  II.  of  Maxwell's  paper,  where  A„  A^  .  .  .  may 
denote  the  velocity  components  of  the  centre  of  gravity,  and  the  component 
angular  momenta  about  the  centre  of  gravity. 

17.  Again,  take  the  case  of  a  number  of  particles  distributed  uniformly 
throughout  infinite  space  and  moving  uniformly  in  straight  lines  under  no 
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forces  without  ever  colliding  with  one  another.  If  u,  v,  u;  be  the  velocity 
components  of  any  particle,  these  are  constant  throughout  all  time,  and 
therefore  the  theorem  asserts  that  any  law  of  distribution  of  the  form 

f  (u,  V,  w)  du  dv  dw  dx  dy  dz 

is  permanent ;  a  conclusion  which  is  obviously  correct. 

18.  In  Maxwell's  paper  /  is  to  be  taken  constant  for  one  particular 
value  of  E,  and  zero  for  all  others. 

In  the  Kinetic  Theory  of  Gases/ is  proportional  to  e"*". 

The  question  as  to  how  far  this  law  is  unique  has  been  raised  by 
Messrs.  Watson  and  Burbury,^  who  quote  Boltzmann's  demonstration  (^ 
the  proposition,  but  admit  that  there  may  be  exceptions  to  its  truth. 
That  demonstration  is,  however,  based  on  a  consideration  of  the  collisions 
between  the  molecules  of  a  gas,  and  has  no  application  to  a  problem  like 
the  present,  where  all  the  systems  considered  are  independent  conservative 
systems,  and  no  transference  of  energy  takes  place  between  the  bodies 
of  one  system  and  those  of  the  other.  It  will  be  considered  fully  in 
Section  II.  §  42. 

19.  Since  for  a  conservative  system  E  is  always  constant,  there  will 
always  exist  possible  laws  of  permanent  distribution,  for  which  /  is  any 
function  of  E  ;  but  the  possibility  of  other  distributions  will  depend  on  the 
nature  of  the  system  and  the  existence  of  other  integrals  of  the  equations 
of  motion. 

The  Reduction  of  the  Kinetic  Energy  to  a  Sum  of  Squares. — MaxweWs 
Law  of  Partition  of  Energy, 

20.  Objections  have  been  raised  to  this  step  in  Maxwell's  work  by 
myself^  on  the  ground  that  the  kinetic  energy  cannot  in  general  be 
expressed  as  the  sum  of  squares  of  generalised  momenta  corresponding  to 
generalised  co-ordinates  of  the  system,  and  by  Lord  Kelvin  ^  on  the  ground 
that  the  conclusion  to  which  it  leads  has  no  intelligible  meaning.  Boltz- 
mann  ^  has  put  the  investigation  into  a  slightly  modified  form  which  meets 
the  first  objection,  and  which  imposes  a  certain  restriction  on  the  generality 
of  the  result.  Under  this  limitation  the  result  is  perfectly  intelligible, 
and  the  second  objection  is  therefore  also  met. 

21.  Boltzmann  reduces  the  kinetic  energy  to  the  form 


T=i2      p^^i 


but  he  does  not  assume  the  quantities  ri«  to  be  generalised  momenta.  He 
calls  these  quantities  '  momentoids.'  They  are  linear  functions  of  the 
generalised  momenta  of  the  system,  and  calling  these  latter  jp^,  je>2,  •  •  .  » 
the  momentoids  are  supposed  chosen  so  that  the  determinant 

•       ^(P\^P%   '    '    '  Pn) 

>  Nature,  June  2, 1892,  p.  101. 

^  Beport  on  Thermodynamios^  Part  I.  §  44. 

*  Nature,  August  13, 1891. 

<  « On  the  ^uilibrium  of  Vis  Viva,'  Part  III.  PhU.  Mag^  March  1893.  The 
original  is  in  the  8itzu7ig$ber%okte  of  the  Academy  of  Munich  (not  Vienna),  and  forms 
the  third  part  to  the  author's  '  Studien  uber  daa  Gleichgewicht,  &c.'  (JViensr  Sitzb., 
Iviii  (ii.),  Oct.  1868), and  bis  <  Weitere  Biudien' (Wiener  SUzb,,  Izyi.  (ii.),  Oct.  1872). 
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an  assumption  which  is  convenient  but  not  essential,  because  0  can  only 
be  a  function  of  the  generalised  co-ordinates,  and  the  investigation  applies 
only  to  systems  in  a  given  configuration  for  which  these  co-ordinates  are 
therefore  constant,  Boltzmann  supposes  with  Maxwell  that  the  energy 
is  the  same  for  all  the  systems,  and  with  these  premises  he  proves  that  the 
mean  value  of  each  of  the  terms 

has  the  same  value.  He  concludes  :  '  Instead  of  the  law  of  Maxwell  that 
the  mean  vis  viva  has  the  same  value  for  every  co-ordinate,  we  now  obtain 
the  law  that  the  mean  value  of  the  vis  viva  belonging  to  all  momentoida 
is  the  same.' 

From  this  Boltzmann  concludes  that  '  the  mean  kinetic  energies  of 
two  given  parts  of  the  system  are  in  the  ratio  of  their  respective  degrees 
of  freedom,'  provided  that  the  kinetic  energy  contains  no  products  of  a 
generalised  momentum  of  one  of  the  given  parts  into  a  generalised  momentum, 
not  belonging  to  tluU  part. 

22.  Now  in  Appendix  A I  have  shown  that  for  non-colliding  rigid  bodies 
laws  of  permanent  distribution  exist  in  which  the  mean  kinetic  energies 
due  to  the  rotations  about  the  three  principal  axes  are  unequal.  This 
test  case  shows,  therefore,  that  Maxwell's  result  is  not  always  true  for  every 
possible  law  of  distribution.  The  following  method  is  shorter  than 
Boltzmann's  and  Maxwell's,  and  shows  under  what  circumstances  the  mean 
kinetic  energies  belonging  to  the  momentoids  may  be  unequal. 

Let  the  law  of  distribution  be  given  by  the  formula  (9), 

/(E)rfjpi     .     .     .     dp^dq^     .     .     .     dqn, 

and  let  A; I,  A;^,  .  .  .  k^  be  n linear  functions  oipi,  p2,  .  .  *  Pm  such  that  the 
kinetic  energy  is  of  the  form 

T=H*i'+V+    .   .   .   V)    .      .      .    (11) 

Then,  since  these  functions  are  linear,  the  determinant 

^(PuPi     '       '       '      Pn) 

is  a  function  of  the  co-ordinates  ^d  .  .  .  ^n  alone,  and  since  we  are  dealing 
only  with  those  systems  which  happen  to  be  in  a  given  configuration  at 
the  instant  considered,  ©  is  constant,  the  potential  energy  V  is  constant, 
and  so  is  the  multiple  differential  dqi  .  .  .  c^„.  The  mean  value  of  ^k^^ 
for  these  systems  is  therefore 

_     [7{M*i'+V+  .  .  .  K')+y}Wdpx  ..  ^dp, 

IJ^  2 -—J  T-W 

|7{KA.''+V+  .  .  .  k,*)+Y]dpi (^, 

•'—CO 

|7{J(*,«+  . . .  +V)+V}iV««i  ...dK 

_J— CO ^ 

ffm*+ . . .  +k^)+Y}dk, dk^ 
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and  this  is  obviously  the  same  for  all  the  co-ordinates  k^,  thus 

iV=iA7'=  . . .  =^7".      .      .  (12) 

AIjk)  by  addition _ 

iA.*  +  iV+  .  .  .  =T; 

therefore  each  of  the  above  mean  values  is  one  nth  of  the  mean  value  of  T. 

If  there  exist  other  possible  permanent  distributions  given  by  (10)  for 
which  the  function/  involves  other  integrals  of  the  equations  of  motion 
besides  the  energy,  the  argument  will  still  hold  good  provided  tJiese 
integrals  only  involve  the  co-ordinates  o/tlie  system^  and  not  its  velocities  or 
momenta^  because  these  co-ordinates  are  kept  constant  during  integration. 
Such  integrals  may,  for  example,  depend  on  the  equations  of  the  paths  of 
the  particles  forming  the  system. 

But  ify  involves  any  function  of  the  momenta  or  velocities  other  than 
the  energy,  the  integral  in  the  numerator  will  assume  different  forms  for 
different  A?s,  and  the  mean  values  of  the  different  squares  forming  the 
kinetic  energy  will,  in  general,  be  unequal. 

I  would  propose  that  the  name  Maxwell's  Law  op  Partition  op 
Kinetic  Energy  be  in  future  applied  exclusively  to  the  statement  that 
if  the  kinetic  energy  of  a  given  system  be  expressed  as  a  sum  of  squares, 
the  mean  values  of  these  several  squares  taken  over  a  large  number  of 
systems  distributed  in  a  given  manner  are  equal. 

Hence  MaxweU's  Law  of  Partition  of  Kinetic  Energy  is  only  true 
under  the  conditions  stated  above. 


Test  Cases  of  Hie  Law, — Motion  of  a  Particle  in  a  Plane. 

23.  The  test  cases  suggested  by  Lord  Kelvin  as  apparently  contra- 
dicting Maxwell's  Law  of  partition  will  be  found,  on  examination,  to 
afford  a  valuable  confirmation  of  all  that  has  been  said  above  regarding 
the  restrictions  to  which  the  law  is  subject. 

It  is  rather  remarkable  that  the  motion  of  a  particle  in  a  plane  has 
been  employed  by  Boltzmann  ^  to  furnish  an  illustration  of  the  law,  and 
hy  Lord  Kelvin  *  to  furnish  an  apparent  contradiction  of  it,  which  has, 
however,  since  been  met  by  Boltzmann.^ 

Lord  Kelvin  shows  that  it  is  impossible  to  give  a  general  proof  that  for 
a  tingle  particle  moving  in  a  plane  the  time-averages  of  x*  and  y*  are  equal. 
This  confirms  what  has  been  said  in  §§  10-12  as  to  the  impossibility  of 
applying  Maxwell's  law  of  partition  to  a  single  conservative  dynamical 
system.  If,  instead  of  a  single  particle,  Loid  Kelvin  had  covered  the 
plane  with  particles,  and  had  projected  them  so  that  their  co-ordinates 
and  velocities  initially  satisfied  any  law  of  distribution  given  by  the 
formula 

/(E)  dxdy  du  dv^ 

he  would  have  found  the  same  law  to  be  satisfied  at  any  subsequent  time, 
and  the  average  values  of  u^  and  v^  to  be  equal. 

*  'EintRe  allgemeine  Satze  fiber  Wiirmegleichgewicht/  8Uzb.  der  k.  Wiener 
Akad:  Ixiii.  (u.)  (1871),  p.  700. 

'  Lofiimg  eines  mechanischen  Problems/  ibid.,  Iviii.  (ii.) 

*  yature,  August  13, 1891. 

'  PkU.  Mag,^  March  1893.    See  footnote  to  §  20  above. 
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24.  To  prove  this,  Boltzmann  has  given  (loc,  cit.)  a  highly  artificial 
and  laborious  verification  of  the  Jacobian  relation 

^g^>=l (13) 

where  6  is  the  angle  the  direction  of  motion  makes  with  the  axis  of  a?,  and  O' 
its  value  after  a  time  ^',  which  Boltzmann  takes  to  be  a  small  interval,  ht. 
As  Boltzmann's  proof  is  not  easy  to  follow,  it  may  be  interesting  to  obtain 
the  same  result  much  more  simply  and  without  imposing  restrictions  on 
the  magnitude  of  the  time-interval  t'  by  considering  the  Jacobian 

d{x,  y,  u,  v)—d{xy  y,  a-,  y)' 

We  have,  keeping  the  initial  time  constant, 

d^^d  {x\  y\x\  y')^d  {a^,  j/,  x\  y') ^^  {x\^,x\if') ^d{x!,y',x\y') 
dt'     a  (a,  y,  X,  y)     a  (x,  y,  «,  y)     9  (x,  y,  »,  y)     9  {on,  y,  i-,  y)' 

The  first  two  Jacobians  evidently  vanish.  And  by  the  equations  of 
motion 

9v'.         ..,_  av 

Hence  £',  y'  are  functions  of  a;',  y',  and  the  quantities  in  the  numerators  of 
the  last  two  Jacobians  are  not  all  independent :  therefore  these  vanish. 
Therefore  integrating  with  respect  to  if  : 

A=  constant  =  1,  (its  initial  value)   .        •         •     (14) 
If 

5r*=w*+i;3^  tan  0=iv/u 

we  have  by  the  transformation  from  Cartesian  to  polar  co-ordinates 

d(x,  y,  ig*.  0)- 
In  virtue  of  the  equations  of  energy 

8E  .c/E 


whence  (13) 


9(a/,y',O^E)_9(»',y'.flO 
8(a^  y,  e,  E)     3(0:,  y.  0) 


8(«,  y.  «) 
as  was  to  be  proved. 

25.  And  assuming  the  law  of  distribution 

/(E)  dxdydudv (16) 

we  have  evidently 

r    r  /(i«»+i«'+V)M»rf«rft>=f"    ("  /(iu«+i«»+V)«»«fod«, 

J— ooj— oo  J— coj— oo 
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and  therefore 

average  Talue  of  v?  ss  average  value  of  v*  .        •        .  (16) 

in  accordance  with  Maxwell's  Law.  The  same  thing  would  also  be  true 
if,  the  equations  of  the  orbits  of  the  particles  being 

^(x,  y)=constant, 

f  were  a  function  of  ^  as  well  as  of  E,  or  indeed  of  any  integral  of  the 
equations  of  motion  other  than  E,  involving  co-ordinates  only  and  not 
velocities. 

Lord  Kelvin's  *  Decisive  Test  Case  J 

26.  The  test  case  by  which  Lord  Kelvin  claims  to  have  '  effectually 
disposed  of '  Maxwell's  law  of  partition  ^  really  confirms  all  that  has 
been  said  about  the  law  in  this  Report.  It  shows  the  impossibility  of 
drawing  general  conclusions  as  to  the  distribution  of  energy  in  a  single 
system  from  the  possible  law  of  permanent  distribution  in  a  large  number 
of  systems.  In  other  words,  it  tells  us  once  more  that  the  mean  value  of 
any  portion  of  the  energy  obtained  by  integrating  with  respect  to  the 
multiple  differential  of  the  co-ordinates  and  momenta  is  not  necessarily 
equal  to  the  mean  value  obtained  by  integrating  with  respect  to  the  time 
for  a  single  system. 

This  test  case  has  been  criticised  in  a  general  sort  of  way  by  Mr.  E.  P. 
Culverwell,*  and  the  following  investigation  will,  I  think,  accord  with  his 
views : — 

27.  The  equal  masses  A  and  C  are  supposed  to  be  separated  by  a 
'  simple  vibrator '  B  with  which  they  can  collide,  and  Lord  Kelvin  assumes 
that  in  the  course  of  a  large  number  of  collisions  this  vibrator  will  equalise 

K               P          A       H           B              C                 L 
] > 9 f  •  • 1 

and  keep  equal  the  average  kinetic  energies  with  which  A  and  0  rebound 
from  B.  C  is  reflected  by  a  fixed  wall  at  L  ;  but  A,  in  addition  to  being 
stopped  by  a  fixed  reflecting  wall  at  K,  is  acted  on  by  a  repulsive  force 
from  K  while  it  lies  within  a  certain  space,  KH.  Part  of  the  energy  with 
which  A  left  B  then  becomes  potential  while  the  energy  of  0  always 
remains  kinetic,  and  Lord  Kelvin  infers  that  the  average  kinetic  energy 
of  A  is  less  than  that  of  C. 

Now  it  is  not  obvious  that  the  vibrator  at  B  will  actually  always 
equalise  the  average  kinetic  energies  of  rebound  of  A  and  C.  If  KB  is 
much  greater  than  BL,  C  will  collide  with  B  much  more  frequently  than 
A,  and  I  should  be  inclined  to  think  that  without  investigation  no  definite 
relation  could  be  assumed  between  the  average  energies  of  rebound  of 
A  and  C.  But  this  is  quite  irrelevant  to  the  point.  Accordingly,  let  us 
assume  the  vibrator  to  be  possessed  of  the  property  in  question,  so  that 
the  average  energies  of  A  and  C  are  equal.  Let  x,  x'  be  the  co-ordinates 
of  A  and  C,  u,  u'  their  velocities,  x  the  potential  energy  of  A,  so  that  x 
vanishes  when  A  is  outside  the  region  KH.     Take  each  particle  of  unit 


Then  the  law  of  distribution  ob  staled  and  proved  in  this  Report  asserts 

)92.  p.  21. 

Digitized  by  VjOOQIC 


>  Phil.  Mag,,  May  1892,  p.  466 ;  Natwe,  May  6,  1892.  p.  21. 
*  Nature^  May  26, 1892»  p.  76. 
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that  if  there  are  a  very  large  number  of  systems  exactly  like  the  one  de- 
scribed, and  if  the  proportion  of  these  systems  in  apy  given  phase  is 
measured  by  an  expression  of  the  form 

f(x-^^u''+^u'^)dudu' dxda/         .        .         .     (17) 

the  same  law  of  distribution  will  hold  good  at  any  subsequent  time.  Also 
the  mean  kinetic  energies  with  which  the  two  particles  pass  simultaneously 
through  two  given  configurations  are 

j|/(x+i«'+K')^w^^'  '         Jf/(X+K+K«)cfurfw' 

and  are  therefore  equal. 

28.  The  test  case  derives  an  additional  interest  because  it  forms  a  sort 
of  transition  between  those  systems  in  which  the  form  of  /  is  indeter- 
minate and  the  systems  of  colliding  bodies  with  which  we  have  to  deal  in 
the  Banetic  Theory  of  Gases  where  y==e~*^. 

For  in  general  (17)  will  represent  a  law  according  to  which  the  dis- 
tribution of  the  A  particles  depends  on  the  energies  of  the  corresponding 
O  particles  in  the  systems  to  which  they  belong.  If,  however,  the  dis- 
tribution of  the  A  particles  is  independent  of  that  of  the  C  particles,  their 
separate  laws  of  distribution  being 

/j^du  dx  and/cC?u'  dx\ 
then  we  must  have 

/AX/c=/(x  +  K  +  i«'«), 

(the  most  general  solution  of  which  assumes  the  well-known  form 

y^^e-*u+ju»,        /^=e-*.i««-  ....     (18) 

h  being  any  constant  whatever.  In  that  case  the  mean  kinetic  energy  of 
all  the  A's  in  the  neighbourhood  of  a  given  point  irrespective  of  the  corre- 
sponding position  of  the  C's  is 

r    e-*»-'(iw«)(fM 
-  -~  -  ^  .         .     (19) 


'2h 


as  in  the  Kinetic  Theory  of  Gases.  This  accords  exactly  with  the  re- 
marks of  Mr.  Culverwell  already  mentioned.  The  A's  do  not  all  reach  K 
•every  time,  those  that  are  moving  slowly  only  penetrating  a  small  distance 
into  the  region  KH,  and  the  depth  of  penetration  increasing  with  the 
v^elocity  at  H  or  B.  Hence  the  density  of  distribution  of  the  A's  diminishes 
as  we  approach  K,  but  out  of  the  whole  number  at  any  point  the  propor- 
tion having  kinetic  energies  within  certain  limits  will  be  the  same  every- 
"where. 

Surmnary, 

29.  The  conclusions  so  isx  arrived  at  may  be  summed  up  as  follows  : — 
(i)  If  there  exist  a  very  (infinitely)  great  number  of  independent  conser- 
vative dynamical  systems,  the  equations  of  motion  of  each  system  having 
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in  addition  to  the  equation  of  energy,  anj  number  of  integrals  A|=oonst^ 
h^=zconst.y  <fec.,  and  if  at  any  given  iiistant  the  systems  are  so  distributed 
that  the  number  of  them  whose  co-ordinates  and  momenta  lie  within  given 
small  limits  is  proportional  to  any  /unction  whatever  of  E,  Ai,  A3  .  .  .,. 
then  the  distribution  will  be  permanent,  the  systems  being  similarly  distri- 
buted at  every  subsequent  instant  of  time. 

(ii)  If  the  kinetic  energy  be  expressed  as  the  sum  of  squares,  and  if 
the  fi*equenc3'-function  involves  no  integrals  of  the  equations  of  motion 
containing  velocities  or  momenta  with  the  exception  of  the  energy,  then 
the  mean  values  of  the  different  squares  are  all  equal  to  one  another. 
[MaocwelVa  Law  of  Partition  of  Kinetic  Energy, '\ 

Section  IL— Systems  of  Colliding  Molecules. 
Applicability  of  the  Preceding  InveatigcUiona  to  Gaaes. 

30.  Before  considering  in  detail  those  investigations  in  which  col- 
lisions and  encounters  between  the  molecules  of  a  gas  are  taken  specially 
into  account,  it  may  be  well  to  examine  briefly  how  far  the  general  results 
established  in  Section  I.  can  be  applied  to  the  problem  of  the  Kinetic 
Theory  of  Gases  (see  also  Boltzmann^s  Appendix,  infra). 

The  '  independent  systems '  considered  above  may  be  chosen  in  several 
different  ways. 

(i)  We  may  take  each  'system  'to  represent  a  single  molecule  of  gas 
moving  about  freely  or  in  a  field  of  external  force.  The  above  investi- 
gations will  apply  so  long  as  the  molecules  considered  do  not  encounter 
or  collide  with  other  molecules,  and  we  conclude  that  in  the  absence  of 
such  encounters  any  distribution  determined  by  the  expression  (14)  of 
§  15  will  be  permanent  if  the  2n  quantities  jpi,  .  .  ,  q^  represent  the 
n  momenta  and  n  co-ordinates  of  a  single  molecule. 

This  is  most  important.  It  is  not  sufficient  in  the  Elinetic  Theory 
to  investigate  a  law  of  distribution  which  is  unaffected  by  collisions  or 
encounters  any  moi'e  than  it  is  sufficient  to  investigate  a  law  which  is- 
permanent  in  their  absence.  It  is  necessary  to  satisfy  conditions  of 
permanence  in  both  cases. 

(ii)  We  may  take  each  '  system '  to  represent  a  pair  of  molecules  or  & 
group  of  several  molecules  in  the  course  of  a  binary  or  multiple  encounter, 
it  being  assumed  that  the  intermolecular  forces  remain  finite  during- 
encounter,  and  that  at  each  instant  there  are  sufficient  encounters  of  th& 
same  kind  to  give  rise  to  a  law  of  permanent  distribution  among  the 
encountering  sets  of  molecules.  Here  the  quantities  qu  -  >  -  qn  will 
have  to  include  all  the  co-ordinates  of  all  the  molecules  in  the  group 
considered.  Then  any  distribution  determined  by  (8)  will  be  permanent 
so  long  as  the  molecules  of  any  one  group  do  not  encounter  any  molecules 
not  in  that  group. 

But  in  a  gas  each  molecule  will  encounter  various  molecules  in  suc- 
cession, so  that  the  same  set  of  molecules  cannot  be  considered  perma- 
nently as  a  system  apart  from  the  rest.  From  this  we  find  at  once  that 
if  the  frequency  of  distribution  t  is  a  function  of  the  energy  alone '  it 

>  This  is  not  the  case  if  the  mass  of  gas  has  a  perceptible  motion  of  translation 
or  rotatioD  (see  §  46  and  Appendix  B). 
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must  be  of  the  well-known  form 

o     • 

For  before  two  molecules  encounter  each  other  the  frequency  of 
distribution  of  the  co-ordinates  and  momenta  of  one  cannot  depend  on 
the  co-ordinates  and  momenta  of  the  other.  Hence  if  fuf^  denote 
the  frequencies  of  distribution  of  the  two  molecules  just  before  the 
encounter 

/,x/,=/(E). 

Now  the  same  law  must  hold  just  before  the  encounter  as  during  it, 
and  just  before  the  encounter  the  mutual  potential  energy  of  the  molecules 
is  zero,  so  that 

E^Ei-|-E2, 

where  E1E2  are  the  separate  energies  of  the  molecules  ;  and  the  resulting 
relation 

/iX/,=/(E,H-E,)        ....    (20) 

can  only  be  satisfied  by 

Hence  before  and  after  the  encounter  the  molecules  have  their 
co-ordinates  and  momenta  distributed  with  frequencies  proportional  to 
g-*E,  and  g-*«.  respectively.  But  during  an  encounter  the  frequency  of 
distribution  of  all  the  co-ordinates  and  momenta  of  the  pair  or  group  is 
proportional  to  e"*'. 

For  a  pair  of  molecules  we  may  write  the  function 

--^-fcT»  ^^-fcTa  ^g-fcGt,+Xa+x,J  •  •  •  (21) 

where  xi  Xa  ^^  ^^  potential  energies  of  the  molecules  due  to  the  field, 
X12  their  mutual  potential  energy.  This  shows  that  for  any  given  eon- 
Hguration  the  momenta  of  the  molecules  denoted  by  the  suffixes  1,  2  are 
separately  distributed  with  frequencies  proportional  to  e"**^»  and  e"*'^« 
respectively.  The  distribution  of  the  co-ordinates  of  one  molecule  is  not, 
however,  independent  of  the  position  of  the  other  owing  to  the  presence 
of  the  factor  e~**".  When  the  encounter  is  over  X12  vanishes,  so  that  this 
factor  disappears,  and  the  distributions  of  the  co-ordinates  of  the  t\f o 
molecules  become  independent  of  each  other. 

Similar  reasoning  holds  good  for  encounters  involving  any  number  of 
molecules  provided  that  these  encounters  are  sufficiently  frequent  to  have 
a  law  of  distribution. 

(iii)  If  either  the  molecules  act  on  each  other  at  all  distances^  or  they 
cannot  be  divided  into  independent  isolated  groups,  a  '  system '  must  be 
taken  to  represent  nothing  short  of  the  whole  mass  of  gas — or  other 
fliatter — under  consideration.  We  therefore  require  the  distribution  in 
a  single  system,  and  this  brings  us  face  to  face  with  the  difficulties  con- 
sidered in  §§  10-12.  Maxwell  certainly  contemplated  the  applicability  of 
his  investigation  to  cases  of  this  kind  (see  §  3)  ;  but  the  assumption  required 
for  this  generalisation  is  at  variance  with  the  inferences  drawn  from  the 
test  cases  of  §§  23-28,  whatever  may  otherwise  be  said  in  its  feivour. 
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The  Functional  Determinants /or  Encounters  and  Collisions, 

31.  The  reasoning  of  Case  II.  of  the  last  article  cannot  be  regarded  as 
conclusiye  without  further  investigation  if  the  forces  of  encounter  become 
impulsive  as  in  the  case  of  a  collision.  For  Watson  ^  has  pointed  out  that 
the  determinantal  relation  (1) 

^{Pu   .  •  •  9'n) 
with  the  total  time  t  constant  is  inapplicable,  and,  moreover,  the  S  func- 
tion used  in  proving  it  becomes  discontinuous  in  the  case  of  impacts. 

The  difl&culty  can  be  overcome  by  regarding  impulsive  forces  as  the 
limit  of  finite  forces,  and  supposing  the  initial  and  final  states  separated 
bj  a  small  constant  interval  of  time  during  which  the  impact  occurs ; 
but  it  is  certainly  highly  desirable  to  treat  the  problem  separately. 

32.  According  to  Watson,  the  objections  wUl  be  avoided  if,  instead  of 
supposing  the  time  constant,  we  assume  the  initial  and  final  states  to  be 
connected  by  a  geometrical  relation  between  the  co-ordinates  which  can  be 
expressed  in  the  form 

and  that  in  that  case  the  functional  Jacobian 

37^',...?«.i'r  ?:     •    •    •    ^  ^ 

This  relation  is  verified  by  Watson  for  the  case  of  a  projectile  in  his 
letter  in  *  Nature.'  But  in  his  '  Kinetic  Theory  of  Gases '  *  he  derives  it 
from  the  relation  (1)  with  t  constant,  so  that  his  method  applies  only  to 
finite  forces. 

If,  however,  in  the  course  of  an  encounter  between  molecules,  impulsive 
action  takes  place  owing  to  the  energy-function  changing  discontinuously 
when  the  geometrical  relation 

is  satisfied,  we  will  now  show  that  the  states  before  and  after  the  impulse 
are  connected  by  the  relation 

9(p/>  '  -  ■  Pn.q\   '  '  -  g.«>/)^  .  ?»  /93\ 

<J\P\i   •    •    •    ;^n>    9'l    •    •    •    qn-\)  2n 

provided  that  the  principle  of  Conservation  of  Energy  is  satisfied. 

For  if  X  be  the  instantaneous  increase  of  potential  energy  when  q^  passes 
through  the  value  c,  then  the  initial  and  final  kinetic  energies  satisfy  the 
relation 

T-T'=\ (24) 

where  X  may  be  a  function  of  ^i  .  .  .  g^.f 

Now  since  no  impulsive  action  takes  place  through  the  variation  of 
the  co-ordinates  <2^i  •  .  •  q^^x  we  have 

Pl=PuP2=Piy    •    •    •  Pn'l'^Pn-U 

and  therefore 

cf;?i'=rfjp„  dp^'=dp2,  •  .  .  dp^^x'=dp^^i. 

«  nature.  May  12, 1892,  p.  29. 
*  Xinetic  Theory  if  Oam,  p.  37. 
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Hence  the  remaining  differentials  are  connected  by  the  rdation 

or 

dpn       in'' 

Moreover,  since  the  impulsive  action  takes  place  instantaneously,  the 
co-ordinates  do  not  vary,  and  therefore 

dqx'—dq^,  dq^^dq^  .  .  .  dq^^x'—dq^^y  ; 
.^  dpy'  .  .  .  dpj  dq,!  .  .  .  dq^-i'_qn  .     q.e,D. 
"  dpi    ...    dp^dqi    .  .  .  dq^_i      jj 

This  form  of  the  Jacobian  is  applicable  to  the  hypothetic  law  of 
molecular  force,  often  assumed  in  the  Kinetic  Theory,  where,  when  two 
molecules  (regarded  as  material  points)  reach  a  certain  distance,  c,  their 
mutual  attraction  becomes  infinite.  Their  directions  of  motion  undergo 
refraction  towards  the  line  joining  them  at  the  beginning  of  the  encounter 
and  away  from  that  line  at  the  end  of  the  encounter,  and  each  refraction 
must  be  treated  separately,  Watson's  relation  (22)  being  used  for  the  motion 
of  the  molecules  between  the  two  refractions. 

33.  In  the  base  of  a  collision  unaccompanied  by  loss  of  kinetic  energy, 
such  as  occurs  between  perfectly  smooth  elastic  bodies,  the  Jacobian 
relation  between  the  velocities  or  momenta  just  before  and  just  after  the 
collision  is  easily  found.  For  Burbury  has  shown  ^  that  in  a  system  or 
pair  of  colliding  systems  with  n  degrees  of  freedom,  n — 1  linear  functions 
of  the  velocities,  which  he  calls  S,,  Sj,  .  .  .  S„.i,  are  unaltered  by  the 
collision,  and  one  linear  function  R  has  its  sign  changed.     Therefore, 

dS/iSj'  .  .  .  iS',».iC?R'=-^i(iS2  .  .  .  dS^^idR, 

and  by  the  properties  of  Jacobians  it  follows  at  once  that,  since  the 
co-ordinates  of  die  system  are  unaltered,  the  initial  and  final  momenta^ 
specified  by  any  co-ordinates  whatever,  are  connected  by  the  relation 

8i£ljKL^j_i^) 1  /25) 

o{Pi,P2^  •••;?») 

In  a  collision  between  smooth  bodies,  R  is  the  relative  velocity  of  the 
points  which  come  into  contact  resolved  along  the  common  normal,  and 
Burbury  has  given  examples  of  the  functions  S,,  .  .  .  S„.i,  R  in  several 
simple  cases,  viz.,  a  pair  of  unequal  smooth  spheres,  a  sphere  colliding 
with  a  spheroid,  and  a  system  of  two  spheres  loaded  at  one  side  of  their 
centres. 

The  same  argument  could  probably  be  extended  to  multiple  collisions^ 
for  if  n— r  linear  functions  of  the  velocities  were  unaltered  and  the  remain- 
ing r.  had  their  signs  changed,  the  functional  determinant  would  be  equal 
to  ( —  1)^  Again,  for  a  collision  between  two  *  perfectly  rough  bodies '  with 
a  coefficient  of  *  f  rictional  restitution '  equal  to  unity  the  three  components 
of  the  relative  velocity  of  the  points  of  contact  would  be  reversed,  so  that 
r  have  the  value  3. 

1  '  On  the  Collision  of  Elastic  Bodies/  Phil,  Tram,  R,S.,  1892,  A,  p.  408. 
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Statement  of  the  Boltzmann- Maxwell  Law. 

34.  It  is  highly  desirable  that  some  definite  understanding  should  be 
agreed  on  as  to  what  precisely  constitutes  the  Boltzmann-Maxwell  Law. 
I  would  suggest  therefore — 

(i)  That  the  distribution  of  a  large  number  of  molecules  or  other 
dynamical  systems  of  the  same  or  different  kinds  in  which  the  co-ordinates 
(q)  and  momenta  (/>)  of  each  system  are  so  arranged  that  the  number  of 
systems  in  the  neighbourhood  of  any  given  state  is  proportional  to 

e'^^dp,  .  .  .  dp„dq,  .  .  .  dq,        .         .         .     (26) 

h  being  the  same  for  all  the  kinds  of  molecules  or  systems,  be  called  The 
Boltzmann-Maxwell  Distribution. 

(ii)  That  the  law  which  asserts  the  permanency  of  the  Boltzmann- 
Maxwell  distribution  in  any  particular  case  be  called  The  Boltzmann- 
Maxwell  Law. 

(iii)  That  in  future  these  names  be  not  applied  to  any  corollaries  such 
as  that  which  asserts  the  equality  of  the  average  value  of  the  squares 
into  which  the  kinetic  energy  can  be  split  up.  That  corollary  I  have 
called  MaxwelVa  Law  of  Partition  of  Kinetic  Energy, 

I  trust  that  the  adoption  of  these  names  will  be  of  assistance  in 
securing  that  uniformity  of  nomenclature  which  is  always  so  desirable 
in  all  branches  of  science. 


Verification  for  ParticvXar  Cases, — Spheres  and  Circles, 

35.  It  is  not  necessary  to  consider  in  detail  the  law  of  distribution  in 
smooth  colliding  spheres  whose  centres  of  mass  are  at  their  centres  of  figure 
or,  what  is  the  same  thing,  material  particles  which  rebound  when  they 
approach  within  a  certain  distance  of  one  another.  The  truth  of 
Avogadro's  law,  according  to  which  the  mean  translational  kinetic  energies 
of  the  molecules  of  two  mixed  gases  are  equal,  is  now  universally  admitted. 
Bven  Tait  does  not  deny  it,  but  contents  himself  with  maintaining  that 
the  law  cannot  be  established  without  making  certain  assumptions,  and 
these  assumptions  are  discussed  at  great  length  by  Boltzmann,^  who, 
however,  places  more  implicit  confidence  in  Maxwell  than  is  warranted 
by  Section  I.  of  this  Report.  It  seems  to  me  that  Tait's  three  assump- 
tions,' which  are  quoted  in  my  first  Report,'  actually  require  little  beyond 
the  assumption  that  there  is  a  law  of  permanent  distribution.  At  any 
rate,  this  is  all  that  is  necessary  for  showing  that  Avogadro's  law  is  a 
possible  permanent  law.  The  question  as  to  how  far  the  general  law  of 
distribution  is  unique  can  be  much  better  discussed  in  connection  with 
other  applications  (see  §  45  below). 

36.  The  next  cases  are  those  of  spheres  in  which  the  cm.  is  at  a  small 
distance  from  the  centre  of  figure,  t.6.,  ha>'ing  a  '  bias '  as  in  the  game  of 

*  *  Ueber  die  zum  thcoretischen  Beweise  des  Avogadro*schen  Qesetzes  beforder- 
lichen  Voiaussetziuigen/  Sitzher.  der  k.  Wiener  Akad.y  zciv.  (ii.),  Oct.  1886. 

*  •  On  the  FoandatioDs  of  the  Kinetic  Theory  of  Gases,'  Tram,  B.8.E,,  vol.  szziii« 
Piurt  I.  (1886),  p.  77. 

*  Cardiff  neport,  1891,  §  41,  p.  113. 

1894.  Digitized  by  GC>Dgle 


82  REPORT— 1894. 

bowlg,  and  the  two-dimensional  problem  of  circles  in  a  plane  having  the 
same  property.  Both  these  cases  have  been  fully  investigated  by  means 
of  long  and  complicated  integrations  by  Boltzmann,^  who  has  also  extended 
his  treatment  to  bodies  of  any  shape,  provided  they  are  convex  outwards 
and  have  no  sharp  comers. 

The  case  of  circular  discs  is  also  worked  out  fully  by  Watson,^  who, 
however,  takes  the  trouble  of  evaluating  the  functional  determinant  step 
by  step  by  expressing  the  final  in  terms  of  the  initial  velocities  ;  a  process 
which  is  obviated  by  the  method  of  §  33  above.  The  frequency  of  col- 
lisions of  any  kind  is  proportional  to  the  relative  velocity  of  the  points  of 
contact  in  that  kind  of  collision.  It  is  found  that  the  condition  of 
permanence  will  be  satisfied  if  the  number  of  discs  whose  three  velocity 
components  lie  within  the  multiple  differential  du  dv  dut  is  proportional  to 

Nc-"  du  dv  dia  or  N  exp  -  ^AM  {u^ + ^^  +  ^fc^w")  .dudvdta.     (27) 

whether  the  discs  in  collision  are  similar  or  belong  to  two  different  sets. 
This  is  the  Boltzmann- Maxwell  Law. 

37.  The  case  of  lop-sided  spheres  formed  the  subject  of  a  faulty 
demonstration  by  Burnside,  the  result  of  which — quoted  in  my  first 
Report,  §  44r,  third  to  twelfth  line — was  in  contradiction  to  the  Boltzmann - 
Maxwell  Law,  and  is  now  known  to  be  incorrect.  This  has  been  shown 
by  Watson,'  by  Burbury,*  and  also  in  his  aforementioned  paper  by  Boltz- 
mann. The  correct  result  is  that  if  the  velocities  and  angular  velocities 
about  the  principal  axes  be  arranged  according  to  the  Boltzmann- 
Maxwell  distribution 

'Ne'^'^^dudvdwdufidw^dtj^  .         .         •         •     (28) 
that  is 
N exp  —  \h  {M  (w* + V* + w^)  +  Aw j ^ -f  Buij^  +  Cw^^}  .  du  dv  dw dufiduf^du^ 

this  distribution  will  be  unaffected  by  collisions.  From  Appendix  A  we  see 
that  it  will  also  be  unaffected  by  the  free  motion  of  the  spheres  between 
collisions,  and  therefore  it  satisfies  all  the  necessary  conditions  of  perma- 
nence. The  mean  values  of  Mw*,  Mv\  Mw^,  Aw,^,  Bwj^,  Cw3^  are 
equal.  The  other  distribution  of  Appendix  A,  in  which  the  mean  kinetic 
energies  due  to  the  three  principal  rotations  are  unequal,  is,  in  general,  no 
longer  permanent  when  collisions  take  place.  In  fact,  Boltzmann  starts 
by  assuming  a  distribution  of  the  form 


And  deduces  that 

J, ^1 ^a_^3 

^~A~B~C' 

Now  evidently  this  conclusion  does  not  necessarily  hold  good  if  each 
molecule  is  symmetrical  about  the  line  joining  its  centres  of  inertia  and  of 
figure,  because  the  angular  velocity  about  this  line  will  be  unaffected  both 

'  *  Ueber  das  Gleichgewicht  der  lebendigen  Kraft  zwipchen  progressiver  und 
BotatioDS-Bewegung  bei  GasmolekiileD/  Sitz,  d,  L  Akad.  xu  Berlin^  Dec.  1888. 

*  Kinetic  Theory  of  Gases^  p.  15. 

•  Nature,  vol.  xlv.  March  31,  1892.  p.  612. 
^  Ibid.,  vol.  xlv.  April  7.  1892,  p.  633. 
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by  collisions  and  by  the  free  motion  of  the  molecules.  This  angular  velocity 
might,  therefore,  follow  any  law  of  distribution  whatever,  and  that  law 
would  be  permanent.  Neither  does  the  conclusion  hold  good  if  the 
centres  of  mass  and  of  figure  coincide. 

The  arguments  of  Boltzmann  might  have  been  rather  more  conclusive 
if  they  had  shown  at  what  stage  of  the  process  these  exceptional  cases  had 
to  be  excluded.  Bumside  did  worse  than  this,  for  he  said  :  *  Hence  the 
three  equations '  (now  known  to  be  wrong)  *  are  a  solution  ;  and,  there- 
fore, must  be  tJie  solution  of  the  problem  of  the  special  state.' 

The  cases  of  perfectly  roicgh  spheres  or  circular  discs  having  both  their 
normal  and  tangential  coefficients  of  restitution  unity  furnish  interesting 
examples  for  solution.  We  may  imagine  the  spheres  and  discs  covered 
over  with  perfectly  elastic  fine  teeth,  or  minute  projections  by  whose 
action  the  tangential  components  of  the  relative  velocity  are  reversed  at 
impact,  and  it  is  no  longer  necessary  to  suppose  the  molecules  to  have  a 
'  bias '  in  order  to  have  a  transference  of  energy  between  the  translational 
and  rotational  kinds. 


The  Functional  Equaiionfor  Colliding  Bodies  in  General, 

38.  The  earliest  investigation  of  the  law  of  distribution  for  molecules 
other  than  point-atoms  (or  smooth  hard  spheres,  whose  centres  of  mass 
and  figure  coincide)  seems  to  be  that  of  Boltzmann  in  1871.* 

At  the  present  time  the  simplest  and  best  treatment  of  the  general 
problem  for  colliding  bodies  with  any  number  of  degrees  of  freedom  is  that 
given  in  Burbury's  paper  *  On  the  Collisions  of  Elastic  Bodies.'  ^  The 
methods  there  used  are  perfectly  general,  and  include  Watson's  proofs  for 
lop-sided  circles  and  spheres  as  particular  cases  without  the  attendant 
complications  in  the  formulae,  which  arise  from  writing  down  in  full  the 
special  forms  of  the  various  expressions  assumed  in  those  investigations. 

39.  The  assumptions  involved  in  proving  the  Boltzmann-Maxwell  Law 
for  colliding  bodies  seem  to  mo  to  resolve  themselves  into  the  following  : — 

(i)  That  the  law  is  not  tneaningless.     The  expression  (26)  or 

Ng-*(T+x)^j^^  .  .  .  dp^dq^  .  .  .  dq^.         .         .     (29) 

must  represent  a  definite  number  of  molecules. 

Hence  in  a  volume  element  so  small  that  x  ^^J  he  considered  constant 
over  it,  there  must  be  a  very  large  number  of  molecules  moving  about 
with  all  possible  momenta,  and  out  of  these  a  large  number  must  have 
their  remaining  co-ordinates  and  momenta  distributed  within  the  corre- 
sponding small  multiple  differential.  The  law  will  obviously  not  hold 
at  points  where  X)  the  potential  of  the  field,  becomes  infinite  or  discon- 
tinuous. Moreover,  the  collisions  must  be  sufficiently  frequent  to  admit 
of  a  similar  law  being  applicable  to  the  colliding  molecules. 

(ii)  That  any  molecule  has  a  chance  of  colliding  with  any  other  mole- 
cule. Hence  the  frequency  of  distribution  of  the  molecules  must  depend 
on  their  actual  state,  and  not  on  their  past  history  or  future  prospects  of 
colliding  with  any  particular  set  of  other  molecules.     As  Burbury  has  just 

>  *  Ueber  das  Warmegleichgdwicht  zwischen  mehratomlgen  Gasmolekiilen,'  Sitzber, 
dcr  k,  Wiener  Akad..  \xm.  (ii.),  p.  397. 
«  PhU.  Trans.  R.S.,  1892,  pp.  407-422. 
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written  in  a  letter  to  me :'  To  take  conventional  elastic  spheres  as  the 
simplest  case  we  always  assume  as  fundamental  that  if  /  (a)  denotes  the 
chance  of  sphere  A  having  velocity  a,  and  /  (b)  the  chance  of  sphere  B 
having  velocity  6,  then  tlie  cliances  are  always  independent^  whether  A 
and  B  collide  or  not.' 

(iii)  The  demonstration  is  based  on  the  hypothesis  that  in  the  per- 
manent distribution  the  collisions  of  any  one  particular  kind  are  balanced 
by  an  equal  number  of  the  opposite  kind  in  which  the  initial  and  final 
states  are  simply  reversed,  so  that  the  change  in  distribution  produced 
by  the  former  is  exactly  balanced  by  the  latter.  In  other  words,  *  the 
numbers  of  direct  and  reverse  collisions  are  equal.'  This  is  obviously  a 
sufficient  if  not  a  necessary  condition  of  permanency. 

40.  From  this  it  follows  that  if  /,  F  denote  the  frequency  function  of 
distribution  for  two  bodies,  p^^  .  .  ,  p^  and  P,,  .  .  .  P„  their  velocities 
or  momenta,  and  accented  letters  refer  to  the  state  after  collision,  then, 
remembering  that  the  frequency  of  collisions  is  proportional  to  R,  the 
relative  velocity  of  the  point  of  contact,  we  have 

F/Rc?;?!  .  .  .  dfp.rfPi  .  .  .  d?^=:Wf^'dp^'  .  .  .  dp^'dB^'  .  .  .  dFJ 

Remembering  that  R'=— R  and  applying  (25)  we  have 

F/=F/ (30) 

This  is  the  functional  equation  that  must  be  satisfied  if  the  distribu- 
tions determined  by  the  functions  F,/are  to  be  unaltered  by  collision  be- 
tween the  two  sets  of  bodies  to  which  they  apply,  and  a  similar  condition 
must  hold  for  collisions  between  bodies  of  the  same  kind.  In  this  investi- 
gation, since  the  forces  of  collision  are  impulsive,  the  co-ordinates  of  the 
bodies  are  unaltered  by  collision,  and  do  not  enter  into  the  multiple  differen- 
tials, and  for  the  same  reason  p,,  .  .  .  P^  may  be  either  generalised 
momenta  or  generalised  velocities  or  linear  functions  of  them  sufficient  to 
specify  the  motions  of  the  colliding  bodies. 

I  think  that  it  could  be  similarly  proved  that  for  collisions  each  involving 
three  bodies  the  functional  equations  would  be  of  the  form 

/i  y 2 yi  =Vi ' /i  fz 

provided,  of  course,  that  such  collisions  were  numerous  enough  to  have  a 
law  of  distribution. 

41.  Natanson  ^  has  deduced  the  functional  equation  (30),  which  in  his 
notation  becomes 

nj^n^ssn^w, (31) 

from  the  law  of  Gibbs  relating  to  the  chemical  equilibrium  in  gas  mixtures, 
assuming  for  the  thermodynamical  potential  of  the  temperature  and  pressure 
the  form 

^^^m<^i (32) 

where 

^,=^,-5^1og(y)  .        .        .    (33) 

l^s  \njj 

Here  m  denotes  the  mass  of  any  one  of  the  gases,  Uj  the  number  of 

>  I/.  Natarson,  *  Ttermodynamische  Deutung  des  Maxwell'schen  Gesetzes/  ZHi^ 
schrift/ur  phyiikalUihe  Chemie,  adv.  1,  1894. 
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molecules,  pj  the  mass  of  a  molecule  (so  that  mj=sfi/nj)j  L  a  function  of  T 
and  P,  but  not  of  n^,  and  R  a  constant.  The  investigation  is  instructive 
and  suggestive  ;  unfortunately,  however,  the  method  of  demonstration  does 
not  appear  to  be  *  perfectly  reversible,'  but  it  is  much  to  be  hoped  that 
Natanson  will  succeed  in  solving  the  converse  problem  of  deducing  (32), 
(33)  from  (31). 

Boltzmann'a  Minimum  Theorem. 

42.  The  property  that  the  functional  equation  (30)  is  a  necessary  as 
well  as  a  sufficient  condition  of  permanence  was  first  proved  by  Boltzmann 
for  a  single  monatomic  gas  in  1872,^  for  a  mixture  of  two  gases  in  1886,^ 
and  both  by  Lorentz  and  by  Boltzmann  for  a  polyatomic  gas  in  1887.^ 

A  similar  investigation  based  on  Boltzmann's  was  given  by  Bur- 
bury  in  1890.^  In  his  paper  'On  the  Collisions  of  Elastic  Bodies,' 
Burbury  has  adapted  the  proof  to  colliding  systems  in  general,  and  a 
similar  generalisation  is  given  in  a  better  form  by  Watson.^  Burbury's 
specification  of  the  states  of  the  systems  by  generalised  co-ordinates  and 
velocities^  instead  of  momenta^  is,  to  say  the  least,  unfortunate,  for  the 
complete  investigation  involves  considerations  not  only  of  collisions,  but 
also  of  the  free  motions  between  collisions.  Now,  as  we  have  seen  in  §  13, 
the  multiple  differential  of  the  co-ordinates  and  momenta  is  an  invariant  in 
such  motions.  But  the  same  is  not  necessarily  true  of  the  multiple 
differential  of  the  co-ordinates  and  velocities ;  and  even  if  the  validity  of 
the  argument  in  §  13  of  Burbury's  paper  be  admitted,  it  only  applies  to 
rigid  bodies  under  no  forces.  Watson  obviates  the  difficulty  by  the  use  of 
generalised  momenta,  and  arrives  at  the  following  result. 

43.  Let  one  of  the  co-ordinates  g^  of  one  of  the  bodies  be  so  chosen  that 
a  collision  occurs  whenever  q^  attains  its  maximum  value  zero.  Let  H 
denote  the  function 

jF(log  F-l)dP,  . . .  rfQ,+j/aog/-l)  dp,...dq,      .    (34) 

Then  it  is  shown  that 

^=i|(Fy-F/)  log  ^^dP,  ...  dCUdp,  .  .  .  dq,.y.q,  .    (35) 

and  the  latter  integral  is  essentially  negative ;  hence  H  diminishes  with 
collisions  until  F'f  —  Yf=^0.  Also  H  is  constant  in  the  absence  of  colli- 
sions, because  the  conditions  of  permanency  then  require  F,  /  to  be  in- 
dependent of  the  time.  Moreover ^  the  multiple  differentials  cfP,  .  .  .  rfQ,„ 
and  dpi  .  .  .  dq^  are  not  affected  by  the  choice  of  co-ordinates  (§14  above), 
and  therefore  no  restriction  is  imposed  on  the  generality  of  the  conclusions 
by  choosing  q^^  to  vanish  for  any  particular  collision  under  consideration, 
nor  does  this  choice  affect  the  value  of  H. 

<  <  Weitere  Stndien  uber  das  W&rznegleichgewicht  nnter  Gasmolekulen/  Sitzher. 
dw  k.  Wiener  Aiad.,  Ixvi.  (ii.)  (Oct.  1872),  p.  276. 

^  '  Ueber  die  znm  theoretischen  Beweise  des  Avogadro'schen  Gesetzes  erf  order- 
lichen  YoraussetziiDgeii/  Sitzber.  xciv.  (ii.),  Oct.  1886. 

»  •  Ueber  das  Gleichgewicht  der  lebendigen  kraft  unter  Gasmolekiilen,*  •  Neuer 
Beweis  zweier  Satze,'  Sitzher.  der  k,  Wiener  Akad,,xcv.  (iii.),  Jan.  1887,  pp.  115, 153. 

*  *  On  some  Piublems  in  the  Kinetic  Theory  of  Gases,*  Phil,  Mag.,  October  1890. 

»  Kinetie  Theory  qf  Gasee,  p.  42. 

Digitized  by  VjOOQIC 


86  REPORT— 1894. 

Also  H  cannot  become  minus  infinity  ;  therefore  H  diminishes  to  a 
minimum,  and  in  the  ultimate  state  of  the  system  when  H  attains  this 
minimum  we  have  (30) 

The  quantity  H  has  been  called  BoUzmanrCs  minimum  function,^  and 
the  above  theorem  may  therefore  be  called  BoUzm,ann^8  minimum  titeorem. 

Bate  of  Subsidence  of  Disturbances. 

44.  Equations  (25),  (26)  have  been  applied  to  calculate  in  certain  cases 
the  rate  of  subsidence  of  a  disturbance  in  which  F'f  is  initially  unequal 
to  F/.  In  the  paper  already  referred  to  Burbury  has  employed  them  to 
investigate  the  rate  of  subsidence  of  disturbance  in  the  case  of  a  medium 
of  two  sets  of  elastic  spheres,  the  masses  and  numbers  of  spheres  per  unit 
volume  of  the  two  sets  being  M,  m  and  N,  n  respectively,  and  the  disturb- 
ance consisting  in  an  initial  small  difference  between  the  h  constants  in 
the  two  sets.     He  arrives  at  the  result 

c=-^5-(N  +  ^)  ^^%  .^        .         .        .     (36) 
SVtt  (M  +  w)^    Va  ^    ' 

Here  the  h  const*ints  for  the  two  sets  are  supposed  to  be  /*  (1 +D)  and 
h  {\-\'d)\  their  arithmetic  mean  is  A,  and  s  is  the  sum  of  the  radii  of  two 
spheres. 

The  same  results  had  been  previously  found  by  quite  independent 
methods  by  Tait  *  and  Natanson,^  both  working  under  different  assump- 
tions. 

Watson  ^  has  applied  the  same  method  to  a  number  of  lop-sided  discs 
in  one  plane,  supposing  that  in  the  disturbed  state  the  average  kinetic 
energy  of  rotation  differs  slightly  from  the  two  components  of  translational 
energy,  so  that  the  law  of  distribution  is 

A^  a  du  dv  duf 

where  /i  is  different  from  unity.     The  result  is  given  by 

where 


«=  -    ,  -  .         •         •         t         •         •         .     (3<) 


and 


s=N  <  y?  -  v,  +  higher  powers  of  /i  — 1  I 
C  being  a  known  numerical  quantity. 

»  Burbury,  ^ature,  Dec.  14,  1893. 

«  Trans.  R.S.E.,   1886,  pp.  82,  &c.    Sec  my  first  Report,  §49,  for  his  numerical 
results. 

•  L.  Natanson,  Wied.  Anii.^  xxxiii.  1888,  p.  683. 

*  Kinetic  Theory  of  6fa4Ci,  p.  49. 
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Is  the  BoUzmann- Maxwell  Distribution  unique  ? 

45.  We  have  now  found  the  necessary  and  sufficient  conditions  for  a 
permanent  or  *  special '  state  to  be — 

(I.)  /,  F  independent  of  time  in  the  absence  of  collisions. 

(II.)  F/'=F'/'  for  all  collisions  between  two  molecules. 

Under  these  circumstances  the  principle  of  Conservation  of  Energy  at 
once  establishes  the  Boltzmann-Maxwell  Law,  which  asserts  that 

F= A  exp- AEp       /=B  exp— AE, 

always  give  a  solution  of  the  problem. 

Whether  the  Boltzmann-Maxwell  distribution  is  unique  depends  on 
the  possibility  of  finding  other  functions  satisfying  the  above  conditions^r 
and  it  becomes  necessary  to  discuss  particular  cases  separately. 

Case  I. —  When  no  forces  act,  the  conservation  of  momentum  parallel 
to  any  line  chosen  as  the  axis  of  x  gives  for  masses  M,  m 

MU  +  riwt  =  MU'+mw' 
and  therefore  the  conditions  are  satisfied  by 

F  oc  exp  A; MIX        /  oc  exp  kmu. 
Combining  this  with  the  solution 

F  ex:  exp  -ATji       /oc  exp  -AT« 
and  writing  k=huQ  where  u^  is  any  constant,  we  obtain  the  solution 

F=Aexp-Um{(U-Uo)"+V2+W>}  )  ..^^ 

/=Bexp-|/iM{(w-Uo)*+t;2  +  u;2)  j     *        '         *     ^^^/ 

This  is  the  law  of  distribution  in  a  gas  having  what  Burbury  calls  a 
*  motion  of  simple  translation '  and  Boltzmann  a  *  progressive  motion  '  of 
velocity  u^  along  the  axis  of  a; ;  a  result  agreeing  with  those  found  by 
Burbury,^  Boltzmann,^  and  others.  Here  the  average  molecular  kinetic 
energies  of  the  relative  motion,  taken  with  respect  to  a  point  moving  with 
velocity  Uq,  are  equal,  so  that  the  quantity  which  represents  temperature 
is,  as  it  should  be,  independent  of  Uq,  the  velocity  of  translation. 

Case  II. —  WIten  tlie  field  is  symmetrical  about  a  fixed  aocis,  the 
constancy  of  angular  momentum  about  this  axis  leads  in  a  similar  way 
to  the  distribution  of  co-ordinates  and  velocities  among  the  molecules  of  a 
mass  of  rotating  gas — such  as  that  forming  the  atmosphere  of  a  planet. 

This  case  I  have  worked  out  in  detail  in  Appendix  B,  and  in 
conformity  with  the  nomenclature  of  Case  I.  the  gas  may  be  said  to  have 
a  *  motion  of  simple  rotation.' 

It  is  remarkable  that  in  the  paper  last  referred  to  Boltzmann,'  while 
working  out  a  number  of  problems  on  the  motion  of  gases  in  a  field 
of  force,  specially  considers  the  case  in  which  the  gas  has  no  initial 
motion  of  rotation.     Maxwell,  in  the  second  part  of  the  paper,  discussed 

»  PhiL  Jtfa^.,  October  1890,  p.  306. 

'  '  Ueber  das  W&rmegleichgewicht  von  Gasen  auf  welcbe  aussero  Krafte  wirken/ 
SUzber.  der  k.  Wiener  Akad.,  Ixxii.  (ii.),  Oct.  1875.  'Ueber  die  Aufstellung  und 
Integration  der  Gleichnngen  welche  die  Molecularbewegung  in  Gasen  bestimmcn/ 
Urid.f  Ixxiv.  (ii.),  Dec.  1876. 

•  *  Ueber  die  Aufstellung,*  &o.,  Wiener  Sitzb,,  Deo.  1876. 
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above  in  Section  I.,  gives  a  long  and  laborious  investigation  relating  to  a 
free  system  of  particles  with  constant  linear  and  angular  momenta  ;  *  but 
the  formulse,  which  are  very  long  and  complfcated,  do  not  appear  to  be 
applicable  to  the  present  problem,  since  they  take  no  account  of  collisions 
between  the  various  systems. 

Casb  III. —  When  each  molecule  has  an  axis  of  symmetry  the  angular 
velocity  D.^  or  013  about  this  axis  is  constant  and  unaltered  by  collisions, 
provided  the  molecules  be  regarded  as  perfectly  smooth.  Hence  the  law 
of  distribution  is  independent  of  il^  and  o^g,  and  these  angular  velocities 
may  be  distributed  according  to  any  law.  This  is  not  inconsistent  with 
general  conditions,  for  the  coUision  formulse  llj'srOj  and  ut^^^ia^  show 
that  F/"=F/'  is  satisfied  by  any  functions  whatever  of  wg,  O3. 

This  case  has  already  been  eJluded  to  in  §  37  as  fumi^iing  an  exception 
to  the  law  obtained  for  lop-sided  spheres.  But  its  chief  interest  lies  in 
the  fact,  pointed  out  by  Boltzmann,^  that  since  partition  of  energy  only 
takes  place  among  five  of  its  six  degrees  of  freedom,  the  ratio  of  the 
two  specific  heats 

1+^=1+^=1-*        ....     (39) 

agreeing  closely  with  the  value  found  for  air  and  most  gases. 

46.  Except  in  the  above  cases  and  the  still  simpler  case  of  smooth 
elastic  spheres  whose  cm.  is  at  the  centre,  it  will,  I  think,  be  found 
impossible  to  devise  any  form  of  rigid  bodies  in  which  the  conditions 
of  permanency  are  satisfied  for  all  geometrically  possible  collisions  other- 
wise than  by  the  Boltzmann-Maxwell  distribution.  Eor  example,  the 
alternative  distributions  for  non-colliding  rigid,  bodies  worked  out  in 
Appendix  A  cannot  remain  permanent  unless  the  surfaces  of  the  bodies 
are  spherical,  so  that  the  line  of  collision  always  passes  through  their 
CM.  [This  I  have  roughly  verified  by  a  process  of  *  exhaustion,'  the 
details  of  which  are  uninteresting.] 

In  his  aforementioned  paper  on  the  nature  of  gas  molecules,  Boltz- 
mann  considers  the  number  of  degrees  of  freedom  of  molecules  generally 
in  relation  to  the  ratio  of  their  specific  heats,  and  arrives  at  the  following 
conclusion  :  that  ^  the  entire  aggregate  which  forms  a  single  gas  molecule, 
and  which  can  consist,  not  only  of  ponderable  atoms,  but  also  of  ether 
atoms  bound  with  them,  probably  behaves  in  its  progressive  motion  and 
its  collisions  with  other  molecules  nearly  like  a  rigid  body.' 

The  case  of  a  polyatomic  molecule,  whose  atoms  are  capable  of  vibrating 
relative  to  one  another,  afibrds  an  interesting  field  for  investigation  and 
speculation.  Is  the  Boltzmann-Maxwell  distribution  still  unique,  or  do 
other  permanent  distributions  exist  in  which  the  kinetic  energy  is  unequally 
<iivided  between  the  momentoids  ? 

Steady  States  under  Permanent  Disturbing  Influence, 

47.  The  important  and  highly  interesting  applications  of  the  Kinetic 
Theory  to  disturbed  states  of  a  gas  in  which,  by  the  action  of  external  forces, 
a  steady  state  differing  from  the  Boltzmann-Maxwell  distribution  is  main- 
tained fall  outside  the  scope  of  this  Report.     These  include  the  problems 

»  Canib.  PHI,  Tran$.,  1879. 

»  *  Ueber  die  Natur  der  Gasmolekille,'  Sitzb.  der  k.  Wiener  AJtad.,  Ixxiv.  (ii.), 
1876.    He  mentions  this  also  in  his  paper  translated  in  the  PhiL  Mag.^  March  1893. 
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of  steady  flow  of  gases,  viscosity,  diffusion,  heat  conduction,  chemical 
action,  Ac.  Such  questions  form  the  subjects  of  investigations  by  Boltz- 
mann,^  Tait,*  Burbury,'  Natanson,*  and  other  writers  too  numerous  to 
mention.  A  complete  list  of  papers  would  probably  require  a  Report  to 
itself,  but  the  references  in  the  accompanying  footnotes  may  be  of  some 
assistance  to  those  specially  interested  in  the  subject. 

48.  An  entirely  different  class  of  problems  has  been  treated  by  Lord 
Rayleigh  in  iUustration  of  the  properties  of  colliding  bodies  in  general, 
considered  especially  with  reference  to  the  Kinetic  Theory.*  He  con- 
siders the  law  of  distribution  of  energy  iii  a  number  of  large  masses,  each 
of  which  is  bombarded  by  streams  of  projectiles  of  much  smaller  mass 
moving  in  both  directions  in  a  straight  line.  If  the  projectiles  are  all 
moving  with  the  same  speed  v,  Lord  Rayleigh  finds  that  the  velocities  u 
of  the  bombarded  masses  will  assume  the  Boltzmann-Maxwell  distri- 
bution 

/(w)=Ae"*- 

where  the  mean  kinetic  energy  of  the  masses  is  one  half  that  of  each  pro- 
jectile. 

If,  however,  the  velocities  of  the  projectiles  themselves  are  distri- 
buted according  to  the  Boltzmann-Maxwell  distribution,  the  same  is  true 
of  the  bombai^ed  masses,  and  the  mean  kinetic  energies  of  the  masses 
and  projectiles  are  equal.  Hence  the  whole  system^  consisting  of  the  pro- 
jectiles and  masses,  satisfies  the  Boltzmann-Maxwell  distribution  as 
defined  in  §  34.  Lord  Rayleigh  goes  on  to  consider  the  case  when  the 
free  masses  are  replaced  by  pendulums  under  a  one-sided  or  two-sided 
bombardment,  and  also  gives  an  interesting  investigation  of  the  rate  of 
progress  towards  the  *  special '  state,  the  motion  in  every  case  being  one- 
dimensionaL 

Collisions  replaced  by  Encounters. 

49.  Boltzmann  has  pointed  out  ®  that  the  effect  of  a  collision  between 
material  points  or  monatomic  molecules  may  equally  well  be  represented 
by  an  encounter  in  which  only  attractive  forces  act.  When  the  particles 
are  at  a  certain  distance  apart  he  supposes  a  very  great  impulsiv^  attrac- 
tion to  act  on  them,  so  that  their  directions  of  relative  motion  are  refracted 
very  nearly  into  the  straight  line  joining  them.  When,  after  passing  close 
together,  they  again  come  to  the  same  distance,  they  undergo  a  second  re- 
fraction imder  an  impulsive  attraction  equal  and  opposite  to  the  first,  and  the 

»  '  Zur  Theorie  der  Gasreibung/  Sitzber.  dtr  h.  Wiener  Acad.,  Ixxxi.  (ii.)f  January 
1880 ;  Ixxxiv.  (ii.),  June  1881 ,  December  1881.  *  Zur  Theorie  der  Gasdlffusion/  ibid., 
Ixxxvi.  (ii.),  June  1882;  Ixxxviii.  (ii.),  October  1883.  « Bemerkungen  fiber  die 
Wanneleitung  der  Gase/  iUd.,  Izzii.  (ii.),  October  1875.  Other  papers  are  in  the 
Sitzunffsbericktet  Ivi.  (ii.),  November  1867,  Ixxv.  (ii.),  January  1887,  xcvi.  (ii.),  October 
1887 ;  Annalen  der  Phy$ik  und  Clumie,  vol.  zzii.  1884,  p.  39. 

'  *  On  the  Foundations  of  the  Kinetic  Theory  of  Gases,'  Tram.  Roy.  Sao.  Edin.^ 
1886.    See  also  my  first  Report  for  fuller  references. 

*  PhU.  Mag.,  October  1890,  p.  306,  &c. 

*  *  Sor  rinterpr^tation  cin6tique  de  la  Fonction  de  Dissipation,*  Comptei  JRenduf, 
October  23, 1893,  &c. ;  Bulletin  do  VAoad.  de$  Soienoes  do  Cracavie,  December  1893, 
p.  348. 

•  '  Dynamical  Problems  in  Illustration  of  the  Theory  of  Gases,'  PhU.  Mag.^ 
November  1891. 

•  '  Ueber  die  Moglichkeit  der  Begrundung  einer  kinetiachen  Gastheorie  auf 
aiudehende  Er&fte  allein,'  AnnaXon  der  Phyoik  vnd  Chomie,  zziv.  (1885),  p.  37. 
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effect  of  both  refractions  on  the  ultimate  motion  is  the  same  as  that  of  a 
collision  in  which  the  line  of  centres  is  perpendicular  to  the  direction  of 
relative  motion  between  the  two  refractions.  And  by  making  the  relative 
velocity  between  the  refractions  very  great,  the  duration  of  the  encounter 
may  be  made  very  small.  Boltzmann  points  out  that  an  encounter  involving 
three  or  more  particles  will  sometimes  have  the  effect  of  leaving  two  (or 
more)  particles  permanently  entangled  together,  and  the  number  of  such 
double  molecules  will  increase  as  the  temperature  and  volume  are  decreased, 
thus  suggesting  an  explanation  of  the  phenomena  of  dissociation  and  lique- 
faction. 

In  the  case  of  polyatomic  molecules  specified  by  generalised  co-ordinates, 
the  collision  formula  of  §  33  cannot  be  directly  applied  to  an  encounter  of 
this  kind,  owing  to  the  changes  of  position  of  the  molecules  between  the 
two  refractions.  But  there  would  be  no  difficulty  in  here  proving  the 
Boltzmann-Maxwell  Law  by  taking  separate  account  of  the  two  refractions 
and  the  free  motion  between  them  as  explained  in  §  32. 

50.  The  effect  of  double,  treble,  and  multiple  encounters  in  relation  to 
the  Boltzmann-Maxwell  Law  has  been  investigated  by  Natanson.^  He 
arrives  at  conclusions  entirely  in  accordance  with  what  has  been  said 
above  in  §  30,  and  shows  that  the  translational  velocities  of  the  c.M.'s  of 
two  or  more  molecules  during  an  encounter  follow  the  Boltzmann-Maxwell 
distribution.     This  may  be  readily  verified  as  follows. 

If  the  frequencies  of  distribution  among  two  sets  of  molecules  of 
masses  m|,  ^2  are  proportional  to 

g-fc(T,+x»)      and      6'^^'^*+^'^ 

then,  as  in  §  30,  the  frequency  of  distribution  of  pairs  of  such  molecules  in 
the  course  of  an  encounter  is  proportional  to 

g-A(T,+T,+xi+)U+Xi.) /4O) 

where  X12  is  t^®  mutual  potential  energy  due  to  the  encounter,  so  that  X12 
\'anishes  when  the  molecules  are  beyond  the  range  of  their  mutual  influence. 
Now  let  ?i,,v„w;i,  W2i^2>^2  ^  *h®  translational  velocities  of  the  mole- 
cules, n,  r,  TO  those  of  their  cm.,  w,.,  i?,,  w^.  the  components  of  relative  velocity. 
Then  from 

we  have  total  kinetic  energy  of  translation  of  two  molecules  parallel  to  x 
=i{miUi^'\'m2U2^)=^i(mi+m2)u'  +  ^ — ' — ^u^^  .         •     (41) 

mi+7W2 

whence  it  readily  follows  from  (40)  that  the  mean  energy  of  translation  of 
the  whole  mass  mi+m^  collected  at  the  cm.  is  equal  to  3/2A,  and  is  equal 
to  the  mean  translational  energy  of  either  of  the  separate  molecules.  And 
by  combining  the  translational  energy  of  the  pair  with  that  of  a  third 
molecule  the  result  can  be  extended  to  any  number  of  molecules. 

In  my  first  Report,  §  43,  I  alluded  to  some  difficulties  raised  by  Tait 
regarding  the  question  of  temperature,  but  the  present  conclusions  show 
that  no  such  difficulties  arise  in  connection  with  the  Boltzmann-Maxwell 

1  *  Ueber  die  kinetischc  Theorie  unvollkommener  Gase/  Annalen  der  Physih  und 
Chemie,  xzziii.  (1885),  p.  685. 
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Law  at  any  rate.  For,  taking  3/27*  as  the  meeusure  of  the  temperature, 
we  see  that  it  is — 

(i)  The  mean  kinetic  energy  of  translation  -per  free  molecule, 
(ii)  The  mean  kinetic  energy  of  translation  of  the  molecules  in  an 

encounter  for  any  given  configuration  of  the  system, 
(iii)  The  mean  kinetic  energy  of  the  cm.  of  two  or  more  encountering 
molecules  found  by  supposing  their  whole  mass  concentrated 
at  this  CM. 

If  the  volume  of  the  gas  be  increased,  the  number  of  encountering  mole- 
cules will  be  decreased,  but  their  mean  kinetic  energy  will  still  be  equal 
to  that  of  the  free  molecules. 

51.  The  proof  of  the  Boltzmann-Maxwell  Law  thus  presents  little 
difficulty  when  collisions  are  replaced  by  encounters  lasting  only  a  limited 
time,  so  that  the  molecules  are  sometimes  free  and  sometimes  in  the 
process  of  an  encounter,  even  though  these  encounters  be  multiple.  But 
it  fails  when  the  molecules  act  on  one  another  at  all  distances,  because  we 
cannot  then  consider  any  group  of  molecules  apart  from  the  rest.  More- 
over, unless  collisions  or  encounters  take  place  to  a  certain  extent  indis- 
criminately between  molecules,  the  frequency  of  distribution  for  any 
particular  molecule  may  depend  on  other  circumstances  besides  its  actual 
state,  and  the  assumptions  made  in  proving  the  equation  F/=F'/'  (§  39) 
are  no  longer  necessarily  true.  Hence,  none  of  the  above  arguments  now 
afford  any  evidence  that  in  such  cases  the  Boltzmann-Maxwell  distribu- 
tion is  the  distribution  which  a  gas  naturally  tends  to  assume,  even  though 
the  possibility  of  such  a  distribution  may  not  be  capable  of  disproof. 

Thus,  in  the  test  case  of  molecules  attracting  one  another  according  to 
the  law  of  the  direct  distance,  they  will  if  initially  arranged  according 
to  the  Boltzmann-Maxwell  Law  remain  so  distributed ;  but  this  law  of 
permanent  distribution  is  not  unique,  nor  is  there  any  tendency  among 
the  molecules  to  attain  this  law. 

In  dealing  with  such  forces  as  that  due  to  gravitation^  as  in  the  case 
of  a  gaseous  nebula  held  together  by  the  attraction  of  its  parts,  it  is  clear 
that  the  attraction  of  the  more  distant  portions  of  the  gas  can  be  repre- 
sented by  a  field  of  external  force  whose  potential  is  the  gravitation 
potential  of  the  mass.  Thus  no  difficulty  will  be  introduced  into  the  proof 
of  the  Boltzmann-Maxwell  Law,  except  when  we  come  to  take  account  of 
the  attractions  of  those  molecules  that  are  very  near  any  given  molecule. 
These  are  probably  feeble,  except  in  an  encounter.  The  problem,  however, 
requires  fuller  treatment  than  can  be  given  in  the  space  of  this  Report. 


Section  III. — The  Boltzmann-Maxwell  Law  considebed  in 
Relation  to  other  Theories. 

Th€  Connection  wiUh  tlie  Theory  of  Probability, 

52.  The  application  of  the  Theory  of  Probability  to  the  determination 
of  the  law  of  distribution  among  gas-molecules  forms  the  subject  of  several 
very  interesting  and  suggestive  papers  in  the  hands  of  Boltzmann  and 
Burbury. 

I  have  ventured,  on  my  own  responsibility,  to  introduce  the  well- 
known  terms  '  a  priori  *  and  '  d  posteriori  probability '  in  the  following 
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accounts,  as,  personally,  I  think  they  make  the  matter  clearer.     They  are 
not  Boltzmann's. 

In  his  first  paper  ^  Boltzmann  starts  by  taking  a  finite  number  n 
of  molecules,  and  supposing  that  the  kinetic  energy  of  each  molecule  must 
have  one  or  other  of  a  discrete  series  of  values  f,  2f,  35,  .  .  .  pe.  Taking 
the  total  energy  T  of  the  system  as  equal  to  Xr,  he  investigates  the 
probability  that  it  should  be  divided  between  the  molecules  in  a  given 
manner,  each  value  of  the  energy  being  a  priori  equally  probable  for  a 
given  molecule.  If  oio,  6>i,  a»2,  .  .  .  oi^  be  the  numbers  of  molecules  having 
energies  0,  f,  2f,  .  .  .  pt,  the  number  of  permutations  of  molecules  satis- 
fying this  distribution  or  ^  complexion '  is 

9=-T-:^^ (42) 


Wq  \    Oiti   \    ,    ,         (O^ 


P 


subject  to  the  conditions 

wo+  wj  +  .  .  .  +Mp  =w   ....     (43) 
wi  +  2w2+  .  .  .   +jJw^=\    ....     (44) 

The  dt  posteriori  most  probable  distribution  is  that  for  which  the  number 
of  permutations  is  greatest.  Taking  M  to  be  the  logarithm  of  the  denomi- 
nator of  %  or 

M=log  (a;o  !)  +  log  (a;,  !)  f  .         .         .         .     (45) 

we  have,  therefore  to  make  M  a  minimum  subject  to  the  conditions  (43) 
(44).  To  simplifiy  the  calculation,  when  w  is  very  great,  w  !  may  be 
replaced  by  its  approximate  value 


■^<=')(:)' 


(46) 


Passing  to  the  case  in  which  the  energy  is  capable  of  continuous 
variation,  iif{x)  dx  denote  the  number  of  molecules  with  energy  between 
X  and  x+dxj  we  have  to  put  MQ=t/  (0),  w,  =€/(*),  .  .  .  Wp=e/(7?€),  and 
to  make  es=  e^  in  the  limit,  so  that  the  problem  reduces  to  finding  the 
minimum  of 

W=^{"f{x)log/{x)dx    ....     (47) 

subject  to  the  conditions 

n=r/(x)dx (48) 

Jo 

T=z{^xf(x)dx (49) 

where  M'  difiers  from  M  by  a  constant,  and  is  what  Boltzmann  calls  the 
*  measure  of  permutability.' 
The  solution  is 

/{x)dx=^Ce-^'dx (50) 

This,  therefore,  is  the  A  posteriori  most  probable  distribution  of  the 
energy  among  the  molecules  on  the  hypothesis  that  the  a  priori  pro- 

1  *  Ueber  die  Beziehung  zwischeo  dem  zweiten  Hanptsatz  der  mechanlscheD 
Warmetheorie  nnd  der  WarschemlichkeitsTechnung  respective  den  Satzen  uber 
das  W&rmegleicbgewlcht;  SUiher,  der  h.  Wiener  Akad,,  Izxvi.  (ii.),  Oct.  1878. 
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babilities  of  all  energies  are  equal  for  any  one  molecule.  If  m  is  the 
mass  of  a  molecule,  the  most  probable  number  of  molecules  with  speeds 
between  u  and  u-\-du  is 

Cg-l*«««  jnudu (51) 

This  is  the  Boltzmann-Maxwell  distribution  of  speed  for  a  system  of 
monatomic  molecules  moving  in  one  plane. 

53.  To  obtain  the  Boltzmann-Maxwell  distribution  for  molecules 
moving  in  three  dimensions,  Boltzmann  finds  it  necessary  to  make  a 
different  assumption  with  regard  to  the  a  jortort  probabilities.  He  assumes, 
in  fact,  that  if  u,v,whe  the  velocities  along  the  axes  of  co-ordinates,  all 
values  of  ti,  v,  w  &re  a  priori  equally  prolmble.  The  problem  of  deter- 
mining the  a  posteriori  most  probable  distribution  therefore  reduces  to 
finding  the  minimum  of 


UP 


/log/,  du  dv  dw=  — O  suppose     .         .         .     (52) 

subject  to  the  conditions 

n=j|f/rfttrfvc?M7 (53) 

T=Jmf[f  (ii«  +  v'  +  U7')eftt£/u(^£«        .         .         .     (54) 

For  the  general  case  of  molecules  with  r  degrees  of  freedom  in  a  field 
of  force,  he  assumes  that  all  values  of  the  co-ordinates  and  momenta  p  are 
a  priori  equally  probable. 

This  is  the  assumption  that  would  be  fulfilled  if  the  values  were 
selected  by  drawings  from  an  urn  containing  tickets,  each  ticket  having  a 
set  of  values  of  jd,  .  .  .  g^  inscribed  on  it,  and  the  number  of  tickets  in 
which  these  values  lie  between  the  limits  dp^  .  ,  .  dq^  being  measured  by 
the  product  of  the  multiple  differential  dpx  .  .  <  dq^  into  a  constant  In 
the  case  of  a  mixture  of  gases  there  would  have  to  be  a  number  of  urns 
equal  to  the  number  of  gases,  and  the  number  of  tickets  drawn  from  each 
urn  would  have  to  equal  the  number  of  molecules  of  the  gas  in  question  in 
the  mixture. 

The  final  result  is  that  the  h  posteriori  most  probable  distribution  is 
that  for  which  the  function 

16  a  minimum,  2  referring  to  the  different  kinds  of  molecules  in  a  mixture 
of  several  gases. 

The  expression  — O  differs  by  a  constant  from  BoltzmanrCa  Minimum 
Function. 

We  have  seen  in  §  43  that,  when  there  are  collisions  between  the 
molecules,  this  function  always  tends  to  a  minimum  until  the  Boltzmann- 
Maxwell  distribution  is  attained,  and  the  present  investigation  therefore 
shows  that  the  gas  tends  to  pass  from  distributions  of  lesser  probability 
to  distributions  of  greater  probability,  until  it  attains  the  most  probable 
distribution  of  all — namely,  the  Boltzmann-Maxwell  distribution. 

Finally,  Boltzmann  proves  that  the  function  Q  is  proportional  to  the 
entropy  (plus  a  constant),  thus  affording  a  verification  of  the  theorem  that 
the  entropy  of  a  system  tends  to  a  minimum.    The  identification  of  Boltz- 
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mann's  minimum  function  with  the  entropy  is  established  more  briefly  by 
Burbury  in  his  recent  paper,  to  be  discussed  shortly.^ 

54.  The  particular  assumption  as  to  the  law  of  a  ^^rtort  probability 
precludes  the  above  investigations  from  furnishing  a  complete  proof  of 
the  Boltzmann-Maxwell  Law.  In  a  subsequent  paper*  Boltzmann  has 
removed  this  restriction,  and  has  considered  the  a  posteriori  probabilities 
corresponding  to  any  assumed  law  of  h  priori  probability.  In  other 
words,  we  start  with  a  large  number  (N)  of  molecules  having  a  given 
distribution  of  energy,  and  from  them  a  smaller  number  {n)  are  selected, 
and  their  mean  energy  is  found  to  have  a  certain  value  which  may  be 
either  the  same  or  different  from  that  of  the  original  N.  It  is  required  to 
iind  the  most  probable  law  of  distribution  in  the  n  selected  molecules,  or, 
generally,  the  probability  of  any  given  distribution. 

Boltzmann  first  considers  the  case  where  the  original  molecules  follow 
the  Boltzmann-Maxwell  Law  for  two  dimensional  space,  and  points  out  the 
necessary  modifications  for  space  of  three  dimensions.  In  the  general 
case,  supposing  /j,  /2»  •  •  •  /p  ^  denote  the  h  priori  probabilities  of  a 
molecule  having  energies  f,  2f,  .  .  .  pt,  the  h  posteriori  probability  of  a 
combination  in  which  the  numbers  of  molecules  having  these  energies  are 
wq,  wi,  .  .  .  «p  respectively  is  proportional  to  O,  where 

n=/o*"/.-.-  .//"-y^V-  f     •      •      •   (^56) 

u^q!  Wj !  (1/2' 

where  as  before 

The  approximate  expression  for  o) !  now  gives 

log  il= 2<*'i  log/i  —  2<^t  log  ^i  +  constant 

and  Boltzmann  finds  the  following  results. 

If  the  mean  energy  of  the  selected  n  molecules  is  equal  to  the  mean 
energy  of  the  original  N,  the  most  probable  distribution  of  energy  in  the 
latter  is  identical  with  the  distribution  in  the  former. 

If,  however,  the  mean  energy  of  the  smaller  number  is  unequal  to  that 
of  the  larger,  the  most  probable  distribution  is  that  given  by  the  form 

<«*=5/»e-**' (57) 

Boltzmann's  investigation  was  prohahly  an  attempt  to  arrive  at  the 
Boltzmann-Maxwell  distribution  as  the  ultimate  result  of  a  number  of 
successive  processes  such  as  the  above,  independently  of  the  initial  dis- 
tribution. This  has  recently  been  actually  accomplished  by  Burbury  by 
the  application  of  a  different  method  as  follows  : — 

55.  Burbury  ^  bases  his  investigation  on  a  generalisation  of  the  theory 
of  Least  Squares,  which  asserts  that  if  we  regard  the  variations  of  a  series 
of  n  quantities  a;,,  a;.2, .  .  .  o;^  as  being  each  the  result  of  an  infinite  number 
N  of  independent  simultaneous  increments  divided  each  by  v/N,  then  the 

»  *  On  the  Law  of  Distribution  of  Energy/  Phil,  Mag.y  January  1894. 

•  '  Weitere  Demcrkungen  iiber  einige  Probleme  der  mecbaniscben  Warmetheorie/ 
Sitzh.  diT  U.  Wiener  Ahad.,  Ixxviii.  (ii.),  June  1878.  The  second  part  of  the  paper 
deals  with  the  equilibrium  of  a  gas  under  gravity,  and  is  less  interesting. 

»  Phil.  Mag.,  January  1894. 
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chance  that  the  values  of  X],  X2  .  .  .  shall  lie  between  Cj  and  c^-^dci^ 
Cj  and  C2+<^2i  ^^'i  ^  proportional  to  an  expression  of  the  form 

e  ^  dci  dc^  M  •  »  dc^       •         •         •         .     (58) 

where  S  is  a  certain  homogeneous  quadratic  function  of  the  c%  and  T  a 
constant.  This  result,  which  for  a  single  variable  leads  to  the  well-known 
error- law,  is  independent  of  the  original  law  of  distribution  of  the  incre- 
ments, provided  that  positive  and  negative  values  of  these  increments  are 
equally  probable. 

Taking  S  as  proportional  to  the  kinetic  energy  of  a  system,  and  sup- 
posing the  number  of  such  systems  to  be  very  great,  Burbury  next  shows 
that  if  a  redistribution  of  S  among  the  systems  is  effected  in  a  certain 
way,  the  ultimate  result  will  be  the  Boltzmann -Maxwell  distribution,  and 
this  will  remain  unaffected  by  any  further  redistribution.  The  method  of 
redistribution  is  such  that  energy  is  conserved  in  the  final  result,  but  not 
in  the  intermediate  processes,  and  Burbury  suggests  that  the  process  of 
redistribution  of  energy  between  the  molecules  may  be  effected  by  waves 
transmitted  through  the  ether.  The  proof  requires  us  to  assume  that  these 
waves  satisfy  the  principle  of  superposition,  otherwise  the  law  cannot  be 
permanent.  The  author,  however,  claims  that  the  method  is  applicable  to 
systems  in  which  no  group  of  molecules  is  ever  free  from  the  action  of 
other  parts  of  the  system,  and  for  which  those  proofs  of  the  Boltzmann- 
Maxwell  Law  treated  in  Sections  I.,  II.  of  this  Report  fail. 

Burbury  then  finds  the  expression  for  Boltzmann's  minimum  function, 
and  calling  this  B  he  verifies  that  the  entropy  of  the  system  is  equal 
to  —  2B/n  (plus  a  constant).  The  whole  treatment  is  very  powerful 
and  suggestive,  and  the  paper  opens  up  a  wide  field  for  discussion  and 
speculation. 

56.  The  assumption  in  the  first  place  that  each  molecule  is  capable  of 
assuming  only  a  discrete  instead  of  a  continuous  series  of  different  states, 
the  number  of  these  states  being  made  infinite  in  the  limit,  forms  the  basis 
of  Boltzmann's  proof  of  his  Minimum  Theorem  for  polyatomic  gas- mole- 
cules.' Natanson,^  taking  Boltzmann's  starting-point  of  a  number  of 
systems  whose  energies  can  only  have  one  of  a  series  of  discrete  values 

f,  2f,  •  .  .  7>e 

and  employing  equations  (43)  (44)  above,  has  worked  out  the  final  dis- 
tribution of  energy  among  the  molecules  on  the  supposition  that  inter- 
change of  energy  takes  place  by  collisions,  and  he  has  also  determined 
the  rate  at  which  the  system  approaches  the  Boltzmann-Maxwell 
distribution.  He  gives  a  complete  solution  of  the  problem  for  the 
particular  case  where  j9=3,  and  shows  that  only  analytical  difficulties 
prevent  the  method  from  being  applied  to  higher  values  of  p.  When, 
however,  p  is  made  infinite,  the  results  agree  with  those  found  by  Boltz- 
mann and  by  Tait  (§  44). 

»  •  Kener  Bowels  zweier  Satze,*  SUzber,  der  Jt.  Wiener  Akad.,  xcv.  (ii.),  Jan.  1887, 
p.  153. 

»  •  Ueber  die  Geschwindigkeit  mit  welcher  Gase  den  Maxwell'schen  Zastand 
emichen,'  Annalen  der  Phytik  und  Chemie,  xzxiv.  (1886). 
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Tlie  Connection  between  ths   Virial  Equation,  tJie  Second  Law,  and  tfie 
,  Boltzmann- Maxwell  Law, 

57.  The  virial  equation  cannot  be  used  to  prove  the  Second  Law. 
When  applied  to  a  perfect  gas  it  leads  to  the  equation 

pt;=Re (59) 

From  this  equation,  combined  with  the  Second  Law,  certain  properties  of 
perfect  gases,  with  which  we  are  all  familiar,  are  deduced  in  treatises  on 
thermodynamics.  These  are  that  the  latent  heat  of  expansion  is  equal  to 
the  pressure,  that  the  difference  of  specific  heats  is  equal  to  K,  and  so  on. 
Hence  corresponding  conditions  must  hold  good  in  molecular  thermo- 
dynamics in  order  that  the  Second  Law  may  be  consistent  with  the  virial 
equation. 

A  general  condition  under  which  the  Second  Law  is  true  was  originally 
found  by  R.  C.  Nichols,^  and  has  recently  been  put  into  a  somewhat 
different  form  by  Burbury.^  If  x  or  ^  denote  the  potential  energy,  this 
condition  may  be  written 

U^^    d-A         ddi 

TUv^-dyJ^-dtdv      •        •        •         .     m 

where  the  bar  denotes  average  values. 

Burbury  ^  has  rightly  pointed  out  that  the  methods  of  Clausius  and 
Szily  *  require  such  a  condition  to  be  satisfied  in  order  that  they  may  give 
the  Second  Law.  The  condition  comes  in  when  we  try  to  assign  a  mean- 
ing to  the  *  quasi-period  t,'  without  which  meaning  the  result  is  unin- 
telligible.    Burbury  shows  that  if  we  assume 

i=v*T"*  (t.c,  a  definite  time), 
then  X  must  be  a  function  of  v  only,  so  that 

5;«=S     ......  (61) 

and  this  is  a  special  case  of  Nichols'  condition. 

It  is  also  to  be  observed  that  in  the  Clausius-Szily  method  the 
averages  are  time-averages.  This,  if  not  an  objection,  is  at  least  a 
disadvantage,  since  it  does  not  show  the  relation  between  the  Second 
Law  and  the  Boltzmann-Maxwell  Law,  in  which  averages  are  taken  over  a 
large  number  of  molecules  in  a  *  special  state '  of  permanent  distribution. 

58.  That  relation  forms  the  subject  of  a  very  recent  paper  by  Burbury,* 
which  is  a  development  of  his  second  letter  to  *  Nature.'  ® 

The  proof  of  the  Second  Law  on  the  assumption  of  the  Boltzmann- 
Maxwell  Law  has  long  been  known,  and  was  given  by  Boltzmann  as  early 

>  •  On  the  Proof  of  the  Second  Law  of  Thermodynamics,'  PhU.  Mag.,  1876  (i.)i 
p.  369. 

«  Ik^atxire,  December  14, 1893;  January  11, 1894. 
"  Ibid.,  December  14,  1893. 

*  *  Report  on  Thermodynamics,*  Part  I.  Section  1,  Cardiff  Report,  1891,  p.  88. 

*  •  The  Second  Law  of  Thermodynamics/  PhU,  Mag.,  June  1894,  p.  574. 

*  Nature,  Jan.  11,  1894. 
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as  1871,'  and  by  Burbnry  in  1876.'  Burbury  now  treats  the  converse 
problem  of  determining  the  law  of  distribution  from  the  Second  Law. 
He  ^nds  that  if  the  law  of  distribution  of  the  co-ordinates  x^,  a;^,  .  .  .  a:»  be 
given  by  the  expression 

N/(aJi,  osj,  .  .  .  x^  dxi  .  .  .  dx^  or  N/c?^, 

and  if  the  law  of  distribution  of  co-ordinates  and  velocities  be  given  by 

Fdffda' yrhered(/=s:dxi  .  .  .  cie^, 

then  dQ/T  will  be  a  complete  differential  if  either 

(i)  F==functionof  (r-U)/T=:^{(r-U)/T}   say        .     (62) 

(which  does  not  vanish  for  infinite  values  of  the  variables),  or 

<u)  F=^(:+H).  /-'/'(?)•     •     .     .  («3) 

where  r  is  the  kinetic  energy,  and  U  the  potential  energy  of  a  molecule. 

Burbury  says  :  ^  And  since  F  and  /  must  vanish  for  all  infinite  values 
of  the  variables,  we  are  led  to 

F=Cexp-x5+r       /=C'exp-x5 

where  X  is  some  positive  numerical  quantity.  .  .  . ' 

59.  Now  this  is  obviously  a  solution,  but  it  is  not  the  ordy  solution, 
and  I  think  the  real  inferences  are  slightly  different  from  those  he  has 
drawn.  They  are  sufficiently  interesting  to  be  treated  in  detail,  and  they 
are  intimately  connected  with  another  point  which  at  first  suggests  an 
objection  to  the  proof,  namely,  that  dt  dft'  is  the  multiple  differential 
of  the  co-ordinates  and  velocities^  and  is  therefore  not  in  general  an 
invariant  like  the  multiple  differential  of  the  co-ordinates  and  momenta. 

In  §  15  of  his  paper  Burbury  states  that  this  does  not  matter.  'If 
they '  (t.0.,  da  and  d(T*)  <  do  vary,  that  is,  in  effect,  if  the  limits  of  integra- 
tion vary,  the  assumption  Fss^{(U+r)/T)  will  still  make  dQ/T  a  complete 
differential.'  ,     - 

Now  if  y y^  denote  the  generalised  mome^nJUk  correspondk^g  to 

the  co-ordinates  x^  ,  .  .  x^  the  Jaoobian 

o{yiy  •  •  •  y«) 

will  in  general  be  a  function  of  the  co-ordinates  «),...  x„,  and  its  fonxk 
will  depend  on  the  choice  of  co-ordinates. 

Hence,  if  Burhurjfe  proof  he  correct^  we  have  really  shown  that  the 
Second  Law  will  be  satisfied  if  the  distribution  be  determined  by  any 
expression  of  the  form 

f^-^j J(«i,  .  •  .  aj^)e&i  •  .  .  dx^dy^  -  *  -  dy^       .     (64) 

where  by  suitable  choice  of  co-ordinates  the  form  of  J  may  be  varied 
quite  aibitrarily.  And  by  §  22  this  expression  represents,  not  necessarily 
the  Boltmnann-Maxwell  distribution,  but   a  distribution  satisfying  the 

■  '  Analytifiche  Beweise  des  zweiten  Hanptaaczes/  &c.,  SU^her*  der  k.  Wiener  Akad,, 
Ixiii.  (ii),  1871,  p.  712. 

*  J^hU,  Mag.,  Januaiy  1876,  p.  61. 
1894.  ^  H        . 
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.condition  that  if  the  kinetic  energy  be  reduced  to  a  svtni  <>f  n  squares, 
the  mean  values  of  these  squares  are  equal.  Hence  the  conclusion  may 
be  stated  thus  : — 

If  the  necessity  for  making  dQ/T  a  complete  differential  can  be 
established  as  a  substantive  law  by  independent  evidence,  the  investiga- 
tion affords  an  independent  proof  of  MaxvodTs  law  of  partition  of  kinetic 
energy  between  the  momentoids  for  such  a  system. 

Conclvmon. 

60.  The  conclusions  arrived  at  in  the  present  Report  are  to  be  regarded 
as  superseding  the  statement  of  Clerk  Maxwell's  Theorem  in  §40  and  the 
greater  part  of  §§  41,  42,  43  of  Section  III.  of  my  first  Beport.  The  rest 
of  that  Beport  is  not,  so  far  as  it  goes,  materially  affected  by  any  results 
now  established,  although  several  important  questions  connected  with  the 
Boltzmann-*Btiaxwell  Law  have  now  received  a  definite  answer. 

The  proof  of  the  law  and  the  assumptions  involved  in  it  are  fairly  satis- 
factory for  gases  whose  molecules  collide  with  each  other  to  a  certain 
extent  at  random,  but  in  a  medium  in  which  the  molecules  never  escape 
from  each  other's  influence  the  subject  still  presents  very  great  difficulties. 

Even  should  it  be  shown  that  the  law  cannot  be  disproved  for  such  a 
medium,  there  still  remains  the  question  as  to  whether  the  distribution  is 
the  uniqv^  one  satisfying  the  conditions  of  permanence.  The  general 
question  of  uniqueness,  even  in  some  of  the  cases  where  the  law  admits  of 
more  or  less  satisfsLCtory  proof,  still  suggests  some  questions  for  investiga- 
tion. Intimately  connected  with  this  is  the  difficult  question  of  stability. 
For  example,  when  a  gas  is  condensed,  its  density  at  any  point  at  first 
remains  proportional  to  e"*"  in  accordance  with  the  Boltzmann-Maxwell 
Iaw  ;  but  when  a  certain  stage  is  reached,  instability  sets  in,  and  part 
of  the  gas  liquefies.  If  the  Second  Law  be  true,  the  new  distribution 
satisfies  Maxwell's  law  of  partition  of  energy.-  Does  it  likewise  satisfy 
the  Boltzmann-Maxwell  Law  ? 

The  connection  with  the  Theory  of  Probability  still  suggests  subjects 
for  research.  The  relations  of  electrical  and  optical  phenomena  to  the 
Kinetic  Theory  open  up  an  almost  unexplored  field. 

61.  It  only  remains  for  me  to  thank  all  those  who  have  assisted  me  in 
collecting  materially  for  this  Beport.  I  am  particularly  indebted  to 
Dr.  Ludwig  Boltzmann.for.hjs  kindness  in  sending  me  copies  of  nearly  all 
his  writings,  and  for  several  valuable  suggestions  that  have  helped  to 
clear  up  difficulties  in  the  wprk.  My  thanks  are  also  due  to  Mr.  Burbury, 
Dr.  Ladislaus  Natanson,  Professor  Sydney  Young,  and  others  for  similar 
help,  which  has  very  materially  lightened  the  work  of  consulting  and 
examining  the  large  mass  of  existing  literature  relating  to  this  most 
interesting  branch  of  Mathematical  Physics. 


APPENDIX  A. 

Ths  Possible  Laws  of  Partition  of  Rotatory  Energy  in  Kon^ooUiding 

Rigid  Bodies, 

The  motion  of  a  rigid  body  about  a  fixed  point  or  about  its  centre  of 
mass  under  no  forces  affords  one  of  the  best  test  cases  bearing  on  Maxwell's 
law  of  partition  of  kinetic  energy. 
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Thd  i^uatidtis  bfmbtion' referred  t6  thd'prlht;!}^!  a^e^k  AYe  o(  the  form 

A'^J^l-(B-C)a»,w3=0    ....    (65) 

«nd  the  kinetic  energy  is 

T=i(A«i»+BV  +  Ca»,«)   .        .        .        •    (66) 

Let  Hi,  O2,  O3  be  the  initial  angular  velocities  about  the  principal 
axes,  and  let 

dt    8(0„o„n,)    8(o„o^o,)    8(o„o„ti,)' 
But  by  (i) 

=0, 

since  each  of  the  two  determinants  has  two  rows  or  columns  equaL 
Therefore 

dt 
and 

A=const.=l,  (its  initial  value)       •         •        •     (68) 

Since  T=constant  for  any  body,  it  follows  that  if  a  very  large 
numb^  (N)  of  such  rigid  bodies  have  their  angular  velocities  initiaUy 
80  distributed  that  the  number  with  angular  velocities  between  Q^  and 
Oi+<iDi,  n,  and  Os+tf02>  ^3  e^nd  Qj+c^a  is 

N/(T)rfO,rf02dn3 

the  distribution  of  any  subsequent  time  will  bo  given  by 

N/(T)rf«iC?a,2(;ai, (69) 

and  therefore  distribution  will  be  permanent. 

With  this  distribution  it  is  easy  to  see  that  at  any  instant  the  average 
values  of 

iA«,«,    iB«,«,    iC«,' 

over  the  different  bodies  are  equal  to  one  another,  so  that  Maxwell's  law 
of  partition  of  kinetic  energy  is  satisfied. 

But  the  equations  of  motit  n  have  a  second  integral  expressing  the 
constancy  of  resultant  angular  momentum,  namely, 

A««,HB«o/aHC*ui3«=Q»=const.      .        .        ,     (70) 
Hence  any  distribution  given  by 

N/(G)(i«idaiac;«3  •        .        ^        ,        .    (71) 
will  (in  the  absence  of  collisions  between  the  bodies)  be  permanent.  - 
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And  it  can  now  be  shown  precisely  in  the  same  way  as  before  that 
the  mean  values  of 

A2«l^     BWf    GW 

are  equal  to  one  another. 

Therffore  the  mean  values  of 

iAo,,',    iB«,«,    iCV 

are  now  inversely  proportional  to  A,  B,  C,  and  MaxwelVs  law  of  partition 
of  energy  does  not  hold  good. 

It  is  only  when  the  distribution  of  velocities  or  momenta  is  deter- 
mined '  liy  a  function  /  of  the  energy  alone  that  we  can  assert  that  the 
mean  values  of  the  different  squares  forming  the  kinetic  energy  are 
equal. 


APPENDIX  B. 


On  the  Law  ofMolecuUvr  Distribution  in  the  AtmospJiere  of  a 
Rotating  Planet, 

Suppose  a  mass  of  gas-molecules  to  be  situated  in  a  field  of  force  that 
is  symmetrical  about  a  fixed  axis — for  example,  the  field  due  to  the 
Attraction  of  a  spheroidal  planet 

Let  this  axis  be  chosen  as  the  axis  of  2,  and,  in  the  first  place,  let  the 
molecules  be  monatomic,  so  that  they  may  be  regarded  as  smooth  homo- 
geneous spheres  or  material  points. 

Let  TM)  M  be  the  masses  of  two  molecules,  E^  Ek  their  total  energies, 
p^  P  their  angular  momenta  about  the  axis  of  2;,  so  that 

p=m{vx^uy)  P=M(VX-UY)         .        .    (72) 

Then,  since  the  field  is  symmetrical,  the  angular  momenta  p,  P  are  constant 
in  the  absence  of  collisions,  and  at  a  collision  the  total  angular  momentum 
is  unaltered,  so  that 

;>-hP=/  +  P' 

Also  similar  relations  are  satisfied  by  the  energies  E..,  E^f. 
Thereforse,  if  the  distributions  of  co-ordinates  and  velocities  be  given 
by  the  expressions 

fdx  dy  dz  du  dv  dw  and  ¥d^dY  dZdU  dV  rfW, 

the  conditions  of  permanence  between  collisions,  and  the  functional  equation 
for  collisions 

are  satisfied  by 

/=n exp  — (AE^-jfcp)        F=N  exp  ^{h'E^-kY) 

where  A,  k  are  any  constants  whatever.  Putting  A;=AO,  we  have,  if  x  be 
the  potential  energy  of  m, 

/=nexp-A(T-njt?-fx) 
«n  exp —A  {i^m  {v^  + 1>*+  w*)— mO  {vx  -  uy)  +  x} 
=nexp-A(im  [(u+fiy)»  +  (t;-na;)«-|-tt;»]  +x-imO«  (a«+y*)}     (73) 
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Take  axes  of  f ,  17,  (  rotating  about  the  axis  of  z  with  angular  yelocitj  O 
and  instantaneously  coinciding  with  the  ^xes  of  x^  y,  z. 

Then  the  relative  velocities  of  a  molecule  referred  to  these  moving 
axes  are 

and  we  at  once  find 

9  (U,   Vy  w) 

Hence  the  distribution  may  be  written 

nexp-A{iw(£Hi7*+£»)+x-i'^*(f*+i7^)}  .  d^ dr, di dl dij dt  .     (74; 

Therefore  the  velocities  relative  to  the  moving  axes  follow  the  Boltz- 
mann-Maxwell  distribution,  and  in  addition  to  this  the  molecules  have  a 
superposed  motion  of  rigid-bodj-rotation  with  angular  velocity  O.  And 
the  density  at  any  point  is  the  same  as  if  the  gas  were  acted  on  by  <  centri- 
fugal force 'having  a  potential  --^^^(i'  +  iy^),  and  the  reversed  angular 
velocity  —  O  were  applied  to  every  molecule. 

Hence  the  Kinetic  Theory  may  be  applied  to  tlie  atmosplieres  0/ planets  by 
reducing  the  planets  to  rest  and  applying  centrifugcd  force  to  the  atmospheres 
in  the  tistial  way. 

It  is  interesting  to  notice  that  the  temperature  S/2h  is  the  mean 
kinetic  energy  of  the  translational  motion  relative  to  tlie  planet  and  not  the 
total  mean  translational  energy. 

The  results  can  evidently  be  generalised  for  the  case  when  the  mole- 
cules are  rigid  bodies  of  any  kind.  Let  u>„  &>y,  ui,  be  the  angular  velocities 
of  such  a  molecule  about  axes  through  its  cm.  parallel  to  the  axes  of 
ir,  y,  z,  and  let  d^i,  ui^,  m^  be  its  angular  velocities  about  its  principal  axes. 
By  Appendix  I.,  a^aij  d^^  d^a^  is  independent  of  the  time,  and  evidently 

9  {ia„  Wj,,  w,)  f  determinant  of  the  direction  cosines  \ 1 

9(«i  wa,«a)       I       between  the  two  sets  of  axes        J 

Hence  the  permanent  distribution  is  of  the  form 

n  exp  — h  (T— Op  -I-  x)  •  dxdy  dz  du  dv  dw  cfw,  dw^  dufg 

Now  if  A,  B,  C,  D,  E,  F  denote  the  moments  and  products  of  inertia, 
the  kinetic  energy  of  rotation  of  the  molecule  is 

T.=i(A,  B,  C,-D,-E,-F3j;««  «,.  '".y 
*^  p=m{vx-uy)  +  ^'         ....     (76) 

therefore 


T— n/>-|-Y==W(M+Oy)=  +  (v-na;)2+<o«]— JmQ2(a;2  +  y«) 
+i  (A,  B,  C,-D,-E,-F](;a,«  CD,,  a),-0)«-iCO«H 


^nd  since  evidently 

therefore 

/=nexp-A{im(4«  +  ,j«+i«)-hi(A,B,C,-D,-E,-F]i;co^a,„o,,)« 
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Here  the  potential  energy  of  centrifugal  force  is 

and  therefore  the  law  of  distribution 

/=nexp-A{T,+x+V„}     .        .        .        .    (77) 

where  T^  is  the  kinetic  energy  of  the  relative  motion ; 

X  is  the  potential  energy  due  to  the  field  ; 
Vq  is  the  potential  energy  due  to  centrifugal  force. 

Hence,  as  before,  the  Boltzmann-Maxwell  Law  holds  for  the  system 
obtained  by  applying  the  reversed  angular  velocity  —  Q  and  the  eentnfugal 
force  whose  potential  is  — ^O*  (^+y*)  **  every  point  of  the  gas. 

It  would  not  be  difficult  to  extend  the  proof  to  the  case  of  a  rotating 
ellipsoidal  planet  with  three  unequal  axes,  where  the  field  of  force  is  not 
symmetrical  about  the  axes  of  rotation,  but  the  investigation  would 
liardly  be  sufficiently  interesting  to  be  worth  giving  in  detail.  It  will  also 
be  admitted,  without  difficulty,  that  similar  conclusions  must  hold  good 
when  the  planet  and  atmosphere  besides  rotating  have  a  common  motion 
of  simple  translation. 

In  a  communication  read  at  the  Nottingham  meeting  of  the  Associa- 
tion '  I  worked  out  certain  results  of  applying  the  Boltzmann-Maxwell 
Law  to  the  atmospheres  of  planets  ;  but  in  these  calculations  no  account 
was  taken  of  axial  rotation,  as  I  did  not  at  that  time  see  how  the  effect  of 
this  rotation  could  be  determined.  The  numerical  results  there  obtained 
hold  good,  without  modification,  at  points  along  the  polar  axes  of  the 
various  bodies  considered.  The  effects  of  centrifugal  force  on  the  dis- 
tributions now  furnish  a  promising  subject  for  future  investigation,  about 
which  I  hope  to  say  more  shortly. 


APPENDIX  C. 

On  the  Application  of  the  Determinantal  delation  to  Hie  Kinetic  Theory  of 
Polyatomic  Gases,     By  Professor  Ludwig  Boltzmakn. 

We  shall  consider  a  gas  whose  molecules  are  compound  (or  poly- 
atomic), but  are  all  similarly  constituted.  Let  a,  6,  c,  ...  be  the  co-or- 
dinates which  determine  the  position  and  configuration  of  a  molecule  of 
such  a  gas-;  and  let/?,  q',  r,  .  .  .  be  the  corresponding  momenta.  Let  us 
suppose  that  the  time  during  which  any  one  molecule  acts  upon  or  is  acted 
upon  by  other  molecules  is  short  in  comparison  with  the  whole  time  of  ita 
motion.  Let  the  gas  be  contained  in  a  vessel  of  invariable  form.  After 
a  certain  time  the  state  of  the  gas  will  become  stationary,  and  the  ques- 
tion is,  what  is  then  the  probability  that  the  co-ordinates  and  momenta  of 
any  one  molecule  lie  between  certain  limits  ?  To  express  the  probability 
by  means  of  a  number  let  us  suppose  the  stationary  state  to  last  for  a  long 
time,  0.     Divide  this  time  into  n  infinitely  small  parts,  d.     We  shall  call 

>  *  The  Moon's  Atmosphere  and  the  Kinetic  Theory  of  Gases/  Nottingham  Report^ 
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the  beginning  of  the  first  of  these  parts  the  time  zero ;  the  beginning  of 
the  second  <i,  the  beginning  c^  the  third  t,,  &c. ;  the  end  of  the  last  of  the 
n  parts  t«.  After  the  whole  time  8  has  elapsed,  let  another  series  of  times 
of  length  ^  begin.  Denote  the  end  of  the  first  part  after  t^  by  ^^^.^ ;  the 
end  of  the  next  following  part  t^.^  &c.  Assume  for  a  moment  that  we 
have  n  separate  vessels^  all  exactly  similar  to  the  one  containing  the  gas  ; 
that  each  of  these  n  vessels  contains  the  same  gas,  and  that  the  motion  of 
the  gas  is  the  same  in  each.  The  beginning,  however,  is  different.  For 
example,  let  the  gas  in  the  second  vessel  at  time  zero  be  in  the  same  con- 
dition in  which  the  gas  of  the  first  vessel  is  at  the  time  ^i  ;  in  the  third 
vessel  let  the  gas  at  the  time  zero  be  in  exactly  the  same  condition  as  it  is 
in  the  first  vessel  at  the  time  t^,  and  so  on.  We  have  now  in  the  different 
vessels  all  the  different  states  of  the  gas  existing  simultaneously  which  in 
the  first  vessel  exist  successively  during  the  whole  time  interval  ®. 

The  probability  dw  that  the  co-ordinates  and  momenta  of  a  molecule  : 
may  lie  between  the  limits 

aeLnda-{- da,  b  a,nd b +db  ..  .p&ndp+dp,qa,ndq +dq  ,»  ,     •     (1) 

can  be  defined  in  two  ways.  If  we  consider  a  single  vessel  containing  gas, 
we  must  observe  it  for  a  long  time  0  ;  if  r  be  the  fraction  of  the  time 
during  which  the  co-ordinates  and  momenta  of  a  molecule  lie  between  the 
limits  (1) — which  we  shall  call  the  condition  (1) — then  r/0  is  the  probability 
required.  The  limits  (1)  differ  only  infinitesimally  from  one  another.  No 
two  molecules  of  the  same  gas  can  be  in  the  condition  (1)  at  the  same 
time.  On  the  other  hand,  if  we  consider  the  above  series  of  n  vessels  at 
any  single  instant  of  time,  we  can  define  the  probability  dw  to  be  dz/n,  where 
dz  is  the  number  of  vessels  in  which  a  molecule  is  in  the  condition  (1). 
Evidently  dw  will  have  different  values  for  different  values  of  the  co-ordi- 
nates and  momenta.  It  will  also  be  proportional  to  the  differentials 
doydb...     We  may  therefore  put 

^=  — =c?u?=/(a,  b,  .  .  ./>,  q,  .  .  .)dadb  .  .  .  dpdq  .  ♦  .      •     (2) 
0      n 

To  find  the  condition  for  a  stationary  state  we  may  consider  one  gas 
at  successive  instants,  or  the  series  of  vessels  at  one  instant.  In  the 
first  case  the  values  of  dw  for  the  stationary  state  will  be  the  same, 
whether  we  consider  the  gas  from  time  0  to  time  t^  or  from  time  t^  to 
time  ^^1,  or  in  general  from  t„  to  t^j^.  Evidently  the  converse  is  true  ; 
that  is,  if  dw  has  the  same  values  for  all  these  cases,  the  state  is 
stationary.  By  the  second  method  we  must  remember  that  at  the  time  0 
we  have  in  our  n  vessels  all  the  states  which  appear  in  the  first  case  from 
time  0  to  time  t^ ;  at  the  time  t^  we  have  in  these  vessels  all  the  states 
which  appear  in  the  first  case  from  t^  to  t^^^,  .  .  .  The  above  statement, 
that  r/0  has  the  same  values  in  all  cases,  whether  we  consider  the  time 
from  zero  to  <„,  or  from  t^  to  <,+i,  or  from  tj^  to  t^.^  becomes  in  this  second 
case  identical  with  the  statement  that  dzjn  has  the  same  value,  whether 
we  consider  the  n  vessels  at  time  zero,  or  time  ^i,  or  time  t^^  &c.  That 
is,  since  the  difference  between  t^  and  zero,  t^  and  ^|  .  .  .  can  be  made 
infinitely  small,  the  above  statement  amounts  to  saying  that  for  the 
stationary  state  dzjn  has  the  same  values  at  all  times.  We  shall  next  prove 
liiat  dz/n  has  this  property  under  the  following  conditions  : — 

We  define  a  free  molecule  to  be  one  which  is  not  acted  upon  by  any 
other  molecule.   For  each  free  molecule  let  the  values  of/  (a,  6  .  .  .  jo,  9  - .  •) 
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asHe''^  at  time  0,  where  g  is  the  total  energy  of  this  molecule ;  H  and  h 
are  constants ;  therefore  at  time  0  the  number  of  vessels  in  which  a  free 
molecule  is  in  the  state  (1)  is 

n(fW=nHe"*'c^a  db  ..  .dpdq (3) 

Similarly  the  number  of  vessels  in  which  a  free  molecule  appears  with 
co-ordinates  and  momenta  between 

a'anda'4-c^',ft'and6'-|-d&'  .  .  .p'and;?'  +  <f/,g'andg'4-<^' ...   (4) 

(condition  4)  is 

Tum'^nUe-'^da'dh'  .  .  .  dp'dq'  .  .  . 

where  g'  is  the  total  energy  of  this  second  free  molecule.  Finally,  the 
number  of  vessels  in  which  one  free  molecule  is  in  condition  (1)  and  a 
second  one  in  condition  (4)  is 

ndWdW'=nRh-^^''''^dadb  ...dpdq...  da'db' .  .  .  dp'dq'  ...     (5) 

Let  a",  6",  .  .  .  a'",  6'",  ...  be  values  of  the  co-ordinates  such  that  a 
molecule  with  the  former  co-ordinates  acts  on  or  encounters  a  molecule 
with  the  latter  co-ordinates.  And  let  us  assume  that  at  the  time  0  the 
number  of  vessels  which  contain  a  pair  of  molecules  whose  co-ordinates 
and  momenta  respectively  lie  between 

a" and  a''  +  da'\  b"  andi"  +db'\  . .  .y  and p^'  +  d/',  ^and^"  +  rffl"  •  •  •  1  /r\ 
a'"  and  a'"  +  da"\  b'"  and  b'"  +  db'", . .  .jf'"  andy '  +  dp'",  q'"  and  q'"  +  dq'". . .  /  V"^ 

is 

nWe-^da^'db'^  .  .  .  dp^dq'^  .  .  .  da"'db"'  .  .  .  dp'^'dq'"  ...       .     (7) 

where/ is  the  total  energy  of  the  two  molecules.  We  proceed  to  prove 
that  a  stationary  state  is  defined  by  these  formulae.  Consider  a  duration 
of  time  t  long  enough  to  permit  of  encounters  between  a  finite  number  of 
molecules,  but  not  so  long  as  to  permit  of  many  molecules  colliding  more 
than  once.  We  must  demonstrate  that  after  this  time  t^  the  number  of 
vessels  in  which  the  state  of  a  molecule  lies  between  certain  limits  is 
exactly  the  same  as  before  this  time.  We  distinguish  between  four  kinds 
of  molecules :  — 

(i)  Molecules  which  are  free  at  the  beginning  and  at  the  end,  and  during 
the  whole  time  t.  For  any  of  these  molecules  let  the  co-ordinates  and 
momenta  lie  at  the  time  0  between 

AandA-l-rfA,  BandB-l-rfB,  ..  .  PandP  +  rfP,QandQ-hdQ  .  ..     (8) 

and  at  the  time  t  between 

aAnda+dayb&ndb  +  db,  .  .  .  p  &nd p -^ dp,  q void q -^dq  ...    .     (9) 

Let  G  and  g  represent  the  energy  of  such  a  molecule  at  the  times  0 
and  t  respectively  ;  G,  g  being  equal.  According  to  equation  (3)  the  number 
of  vessels  in  which  at  the  time  0  the  co-ordinates  and  momenta  of  a 
molecule  lie  between  the  limits  (8)  is  wHe""*®fl?A  dB, .  .  .  cflP  dQ.  .  .  .  But, 
by  hypothesis,  the  co-ordinates  and  momenta  of  these  same  molecules  lie 
between  the  limits  (9)  at  the  time  t ;  hence  the  above  expression  gives 
also  the  number  Z  of  vessels  in  which,  at  the  time  t,  co-ordinates  and 
momenta  of  a  molecule  lie  between  the  limits  (9).     But  we  have  G=:^t 
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and  by  a  well-known  theorem  (cf.  Watson,  *  Kinetic  Theory  of  Gases/ 
2nd  edition,  p.  22) 

dadh  .  .  .dpdq.  .  .=  dA(ffi  .  .  .  eiPt/Q 

Therefore  the  number  { is  equal  to 

nRe-^dadb  .  .  .dpdq.  .  . 

Bat  this  last  expression  gives  at  the  time  0  the  number  of  vessels  for 
which  the  oo-ordinates  and  momenta  of  a  molecule  lie  between  the  limits 
(9)  (according  to  formula  3).  We  see  that  this  number  remains  con- 
stant during  the  time  t ;  and  since  the  same  is  true  for  all  values  of  a, 
h,  . .  .p,q,  .  .  .  the  theorem  holds  good  for  all  molecules  of  the  first  kind, 
(ii)  We  call  all  those  molecules '  molecules  of  the  second  kind'  which  are 
free  at  the  time  0,  but  which  are  in  process  of  encounter  at  the  time  t. 
For  a  pair  of  such  molecules  let  the  co-ordinates  and  momenta  lie  at  the 
time  0  between  the  limits 

Ai  and  A,  +  iA„  B,  and  B^+dB^  .  , .  P.  and  P,  +  dVt,  Q,  and  Q,  +<{Q| ...  1      /i  o\ 
and     A,and  A,  +  rfA^  B,andB,  +  rfB,  .  . .  P, and P,  +  <«P,. Q, and Q,  +  <iQ,  . . ./     V^"/ 

respectively,  and  at  the  time  t  between  the  limits 

a|  and  a,  +  da^,  ft,  and  ft,  +  ift,  .  . .  p^  and^,  +  ^„  q^  and  ^i  +  ^i .  .  •  1  /i  i  \ 

and         <i^  and  0, +  iciy  ft,and  ft,  + <2ft,  .../;,  and  j»,+<^^^,  and  ^,  +  <^s. .  .J    *     ^     ' 

respectively.  Because  these  molecules  were  free  at  the  time  0,  the 
number  of  vessels  in  which  at  time  0  a  pair  of  molecules  fulfils  the 
condition  (10)  is,  according  to  formula  (5), 

nHV*«<»«+»«>rfAi(ffli  •  •  •  dF^dQ,  .  .  .  dA^dB^  .  .  .  rfP^rfQa  .  .  . 

Gi  and  G3  are  the  energies  of  the  molecules  at  the  time  0.  But  the 
above-mentioned  vessels  are  identical  with  the  vessels  for  which  at  the 
time  t  a  pair  of  molecules  fulfil  the  conditions  (11).  The  number  of  the 
last  kind  of  vessels  is  therefore  also  given  by  the  above  expression.  It  is 
easOy  seen  that  this  expression  is  equal  to 

nH*«"^A»id&i  .  .  .  dp^dqi  .  .  .  da^db^  .  .  .  djy^dq^  .  .  . 

where  /  is  the  whole  energy  of  the  two  molecules  at  time  U  Compari- 
son with  formula  (7)  shows  that  the  last  formula  gives  also  the  number  of 
vessels  in  which  at  time  0  a  pair  of  molecules  fulfilled  the  condition 
(11).  Therefore  the  theorem  also  holds  good  for  the  molecules  of  the 
second  kind. 

(iii)  Molecules  which  are  in  process  of  encounter  at  time  0,  but  are 
free  at  time  t ; 

(iv)  Molecules  which  are  free  at  times  0  and  <,  but  which  have  been 
encountered  by  another  molecule  between  these  two  instants  of  time. 

It  is  easily  seen  that  our  theorem  can  be  proved  in  the  same  way  as 
before  for  every  pair  of  molecules  of  the  third  or  fourth  kind. 

To  calculate  the  mean  vis  viva  T  of  a  molecule  we  put 

aJi=^iiP+^ii^+  .  .  .,     x^^k^yp-^-k^^q  .  . .,  Ac. 

The  coefficients  k  may  be  chosen  to  be  functions  of  the  co-ordinates  such 
that  T  acquires  the  form  ^  {m^Xx^-\'m^x^'\-  .  . .  fn^x,''),  where  /  is  the 
number  of  degrees  of  freedom  of  a  molecule.    The  proDability  that  for  a 
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molecule  the  co-ordinates  and  the  values  of  x  maj  lie  between  a  and 
a+doj  b  and  6  +  c26  .  .  .  a;^  and  x^+d^D  ^2  ^^^  X2  +  dx2  ...  is,  according 
to  formula  (3), 


where  D= 


It  is  evident  that  each  momentum,  and  therefore,  also,  each  of  the 
variables  x,  can  assume  all  values  from  —00  to  +00.  We  easily  obtain 
the  value  1/2/i  for  the  average  value  of  each  term  of  the  form  ^m^x^'. 
Therefore  the  average  vis  viva  of  a  molecule  is  f/2h,  the  average  vis  viva  of 
the  centre  of  mass  of  a  molecule  is  3/2^,  and  the  ratio  of  these  two 
quantities  is/*:  3. 


The  Best  Methods  of  Recording  tlie  Direct  Intensity  of  Solar  Radiation. — 
Tenth  Report  of  the  Committee,  consisting  of  Sir  G.  G.  Stokes 
(Chaimban),  Professor  A.  Schuster,  Mr.  G.  Johnstone  Stoney, 
Sir  H.  E.  Roscoe,  Captain  W.  de  W.  Abney,  Mr.  C.  Chree, 
Mr.  G.  J.  Symons,  Mr.  W.  E.  Wilson,  amd  Professor  H.  McLeod. 
(Braivn  vp  by  Professor  McLeod.) 

Very  little  has  been  done  with  Balfour  Stewart's  actinometer  during  the 
past  year.  It  will  be  remembered  that  in  the  last  Report  it  was  stated 
that  an  attempt  had  been  made  to  replace  the  thermometer  by  a  thermo- 
couple of  copper  and  iron.  From  the  preliminary  experiments  it  appears 
that  this  arrangement  is  extremely  sensitive,  and  using  the  instrument 
as  a  dynamical  actinometer,  in  which  the  rate  of  change  of  temperature 
is  recorded,  a  complete  observation  may  be  made  in  from  two  to  three 
minutes.  It  was  mentioned  last  year  that  a  D'Arsonval  galvanometer 
had  been  tried ;  the  Committee  have  now  purchased  an  Ayrton-Mather 
galvanometer  specially  wound  for  thermo-electric  currents :  this  instru- 
ment has  been  examined  by  Professor  Ayrton,  and  to  him  and  his  pupil, 
Mr.  Arnold  Philip,  the  Committee  are  indebted  for  much  useful  informa- 
tion. The  instrument  is  not  yet  in  a  very  satisfactory  condition,  for,  in 
order  to  make  it  suflBciently  sensitive,  the  suspending  wire  has  to  be 
unusually  fine,  and  it  takes  a  permanent  set,  which  causes  an  alteration  of 
zero.  Endeavours  are  being  made  to  overcome  this  inconvenience.  The 
thermocouple  of  copper  and  iron  does  not  give  currents  quite  proportional 
to  the  difference  of  temperature,  and  it  might  be  preferable  to  replace  the 
iron  by  some  other  metal  or  alloy.  Copper  is,  of  course,  one  of  the 
essential  metals,  and  it  appears  difficult  to  find  any  other  material  to 
replace  the  iron  which  will  give  proportional  currents  of  sufficient  strength 
to  be  useful. 

The  Committee  ask  for  reappointment  and  for  the  unexpended  portion 
of  the  grant. 
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Underground  Temyerature, — Tweidieth  Report  of  ilie  Committee^  con-- 
sisting  of  Professor  J.  D.  Everett,  Professor  Lord  Kelvin, 
Mr.  G.  J.  Symons,  Sir  A.  Geikie,  Mr.  J.  Glaisher,  Professor 
Edward  Hull,  Professor  J.  Prestwich,  Dr.  C.  Le  Neve  Foster, 
Professor  A.  S.  Herschel,  Professor  G.  A.  Lebour,  Mr.  A.  B. 
Wynne,  Mr.  W.  Galloway,  Mr.  Joseph  Dickinson,  Mr.  G.  P. 
Deacon,  Mr.  E.  Wethered,  Mr.  A.  Strahan,  aiid  Professor 
Michie  Smhh.    {Draivn  up  by  Professor  Everett,  Secretary.) 

The  Committee  were  appointed  for  the  purpose  of  investigating  the  rate 
of  increase  of  underground  temperature  downwards  in  various  localities  of 
dry  land  and  under  water. 

The  nineteenth  Report  contained  the  results  of  observations  taken  iu 
1891  by  Mr.  Hallock,  of  the  Smithsonian  Institution,  at  depths  extend- 
ing to  4,462  feet  in  a  nearly  dry  well  at  Wheeling,  Virginia. 

Mr.  Hallock,  who  now  dates  from  Columbia  College,  New  York,  has 
recently  furnished  the  Secretary  with  printed  copies  of  a  paper,  contributed 
by  him  to  the  American  Association  for  the  Advancement  of  Science  last 
year,  containing  further  observations  in  the  well,  made  at  the  expense  of 
the  U.S.  Geological  Survey. 

When  the  observations  of  1891  were  finished,  an  oak  plug  was  driven 
into  the  top  of  the  casing  to  protect  the  hole.  In  July  1893  the  plug  was 
withdrawn,  and  the  well,  instead  of  being  dry  as  before,  was  found  to  be 
full  of  fresh  water  to  within  40  feet  of  the  top.  This  water  is  believed  to 
have  leaked  in  at  the  lower  end  of  the  innermost  casing — that  is,  at 
1,570  feet  below  the  surface. 

By  means  of  inverted  Negretti  maximum  thermometers,  protected 
against  pressure  by  sealing  them  in  stout  glass  tubes,  careful  observations 
were  taken  at  various  depths  from  1,586  feet  to  3,196  feet,  two  thermo- 
meters being  employed  to  check  one  another  at  each  depth.  The  results 
were  practically  identical  with  those  obtained  two  years  previously,  when 
the  well  was  full  of  air,  the  greatest  certain  difference  being  only  one-fifth 
of  a  degree.  An  obstruction  at  3,200  feet  prevented  observation  at 
greater  depths ;  but  this  obstruction  will  probably  be  removed,  the  well 
pumped  dry,  and  the  drilling  continued. 

In  making  the  observations,  four  thermometers  were  lowered  at  a  time, 
two  of  them  being  in  an  iron  bucket  3  feet  long  and  3  inches  in  diameter 
at  the  end  of  the  wire,  and  the  other  two  in  an  open  wire  frame  260  feet 
from  the  end  of  the  wire,  the  diameter  of  the  bore  being  just  under 
5  inches. 

The  temperatures  at  103  feet,  206  feet,  and  300  feet  were  also  observed 
with  suitable  thermometers,  the  temperature  at  103  feet  being  52^*53, 
which  is  1**'2  higher  than  the  time  temperature  of  the  soil  at  that  depth, 
as  determined  by  other  observations  in  the  immediate  neighbourhood. 

The  smallness  of  the  disturbance  of  temperature  by  convective  circu- 
lation in  this  well,  both  when  dry  and  when  filled  with  water,  is  very 
remarkable,  and  renders  the  well  specially  suitable  for  determinations  of 
the  increase  of  temperature  downwards. 

The  Committee  have  to  record  with  deep  regret  the  loss  of  their 
valuable  member,  Mr.  Pengelly. 
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Meteorological  Observations  on  Ben  Nems. — BepoH  of  tlis  Committeef 
consisting  of  Lord  McLaren  (Chairman),  Professor  A.  Crum 
Brown  (Secretary),  Dr.  John  Murray,  Dr.  Alexander  Buchan, 
Hon.  Ealph  Abercrombie,  and  Professor  Copeland.  (Drawn  up 
by  Dr.  Bdchan.) 

The  Committee  were  appointed  as  in  former  years  for  the  purpose  of  co- 
operating with  the  Scottish  Meteorological  Society  in  making  observations 
mn  Ben  Nevis  at  the  two  observatories  situated  respectively  at  the  top  and 
bottom  of  the  mountain. 

During  the  year  the  hourly  eye  observations  by  night  and  by  day 
have  been  uninterruptedly  made  by  Mr.  Omond  and  his  assistants  ;  and 
the  continuous  registrations  and  other  observations  have  been  carried  on 
at  the  Low  Level  Observatory  at  Fort  William  with  a  like  fulness  of 
detail  as  in  previous  years. 

Owing  to  frequent  storms  and  heavy  snowfalls,  which  lay  long  and 
deep,  the  climatic  conditions  at  the  top  of  the  mountain  were  very  severe  ; 
but  the  Directors  have  the  greatest  satisfaction  in  reporting  that  the 
health  of  the  observers  has  notwithstanding  been  good.  The  Directors 
tender  their  best  thanks  to  Messrs.  Charles  Stewart,  B.Sc,  Craig,  Shand, 
Herbertson,  and  Bankin. 

Table  I. — Showing  Monthly  Mean  and  Extreme  Pressures^  Temperatures, 
BainfM,  Sunshine,  and  Clouds, 


Jan.     Feb.   Maroh  April    May    Jane    July    Ang.  I  Sept.    Oct.  I  KoT.  I  Deo.    Year ! 


Mean  Pressure  in  Inolies. 


BanNeriflOb- 

aerratory 
Fort  William 
Differences   . 


Ben  Nevis  Ob- 

serratory 
Fort  William 
Differencea  . 


BenNeyiaOb- 

aenratory 
Vort  WillUm 
Difleraooes  . 


BenKeTisOb- 

aervatory 
Fort  Wmiam 
DiflerenoBB   . 


Ben  Iferia  Ob- 
servatory 
Fort  William 
Dif  jreuoea   . 


25-836 


29-991 
4-65d 


84-986 


29-608 
i-567 


25-878 


29*972 
4-599 


25*680 


80-151 
4-571 


25-493 


80-018 
4-525 


25-491 


89-974 
4-488 


25-877 


89*842 
4-465 


25-437 


29-902 

4-465 


25*225 


29*71P 
4-493 


25-171 


29-699 
4-528 


25-860 


80KN>4 
4-644 


25*101 


29i)82 
4*581 


Mean  Temperatures. 


2S-2 

2S'8 

2S-5 

3S-9 

3?-4 

4i-5 

4S-O 

4S*6 

8^-1 

8?-8 

2U 

22*7 

87-6 
14-4 

89*9 
16-1 

48*5 
15-0 

49-2 
14-3 

58-6 
16-2 

57-5 
15-0 

59-0 
17-0 

69-5 
16-9 

52-6 
16-5 

47-7 
15*9 

89-1 
18-8 

42*4 
15-7 

Extremes  of  Temperature,  Maxima, 


8?-7 

8S-9 

8S-9 

5S-6 

5i.l 

6^6 

5?.2 

6i-2 

5?.8 

4S-0 

zU 

8?-6 

52-1 
16*4 

55*0 
20*1 

60-8 
20*9 

71-3 
18-8 

69-8 
17-7 

741 
11*5 

79-8 
22*1 

88-2 
21-0 

68-7 
11-4 

58-4 
10-4 

53-8 
14*6 

63-6 
15-9 

Ejotremes  of  Temperature,  Minima. 


u 

lS-0 

lS-3 

2S-2 

2S-7 

2S-8 

8§-l 

3J-O 

lS*4 

l?-0 

lS*2 

h 

13-9 
7-5 

24-8 
11-8 

25-0 
14-7 

32-7 
12-5 

86-0 
13-3 

41-2 
11-4 

420 
8-9 

41-8 
9*3 

82K) 
18*6 

32*8 
15-8 

26-5 
16-8 

21*6 
14*4 

ltaii{faU  in  Inches. 


12-28 

10-33 

12-57 

5-99 

6-48 

5-88 

12-32 

14-79 

19*25 

22*84 

18*48 

29-66 

5-iO 

8-47 

4-14 

8-12 

2-73 

1-89 

8*95 

6-55 

9-35 

12*75 

8K)8 

16-86 

6-83 

1-86 

8-13 

2-87 

2-75 

8-99 

8-371 

Stl 

9-90    10-091 

10-40 

8-80 

Dig 
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85-824. 


29*871' 
4*547 


sS-0 

48-5 
15*5 


6S-6 

88*2 

20-6 


S-4 

18*9 
7-5 


165-77 


88-64 
82-28 
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Table  L^eontinued, 


1898          1  Ju. 

Feb.  {MarohJAprU    Hay  | 

June   Jaly 

Aug. 

8ept.| 

Oat  1 

N«y. 

Deo.  1 

Year 

dumber  cf  Bay*  rf  no  Bain. 

BenNe^lsOb-       6 

6         11         14        11         18         10          4 

4 

0 

11 

0 

89 

•erratory 
Fort  WUUam       8 

10        11        16        16        18         13          9 

9 

8 

15 

3 

130 

Number  qf  Dayt  \in.or  more  fell. 

BenNeTisOb-       8 

■ervatorr 
FcrtWmiMa        1 

4          8          1118          8 
3          0          0          0          0          0          1 

Sours  of  Sunshine. 

7 

3 

T 
1 

6 
'i 

13 
8 

51 
IS 

Ben  Nevis  Ob- 

39 

15 

83 

151 

78 

184 

57 

84 

89 

14 

50 

1 

680 

flervatory 
Fort  WiUiaxn 
Diflerenoes   . 

36 
-4 

54 
39 

107 
24 

174 
28 

188 
55 

186 
52 

110 
58 

93 

58 

106 
69 

45 

81 

30 
-SO 

6 
5 

1,066 
885 

Percentage  of  Cloud. 

BenNeriiOb- 

■erratory 
Fort  WUUam 

87 

68 
19 

93 

83 
10 

75 

74 
1 

61 

56 
5 

88 

68 
20 

74 

60 

14 

93 

83 

10 

93 

80 
12 

88 

68 

30 

95 

80 
15 

71 

68 

8 

98 

84 
14 

84 

78 
IS 

For  the  year  1893  Table  I.  gives  the  monthly  mean  and  extreme 
pressures,  temperatures,  hours  of  sunshine,  amounts  of  clouds  and  rain^l,. 
and  number  of  days  of  no  rain  on  the  one  hand,  and  on  the  other  of  days 
when  the  rainfall  was  not  less  than  one  inch  at  the  two  observatories,  the 
mean  pressures  at  the  top  beine  reduced  to  32°  only,  while  those  at  Fori 
William  are  reduced  to  32°  and  sea  level. 

The  mean  temperature  of  the  year  at  Fort  William  was  48° -5,  being 
3°*2  greater  than  that  of  the  previous  year,  and  1°'3  in  excess  of  the  mean 
annual  temperature  of  the  place.  The  mean  at  the  top  of  the  mountain 
was  33°*0,  which  is  3°-3  in  excess  of  the  previous  year  and  2*-2  greater 
than  the  mean  annual  temperature  deduced  from  all  the  observations 
made  since  1881.  The  foUowing  show  the  deviations  of  the  monthly 
results  from  their  respective  means  : — 

Top  of  Ben  Nevis    Fort  William 
o  o 

January    

Febraary 

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 

Year 


-1-6 

-1-7 

-01 

+  0-7 

+  5-9 

+  3-6 

+  8'6 

+  8-8 

+  5-2 

+3e 

+  40 

+  1-7 

+  1-9 

+  1-7 

+  41 

+  2-5 

-1-6 

-06 

+  0-3 

-01 

-2-2 

-2-6 

+  20 

+  2-4 

+  2-2 

+  1-3 

Thus  the  outstanding  feature  of  the  meteorology  of  the  year  was  the 
abnormally  high  temperature  which  prevailed  during  the  six  months  from 
March  to  August.  The  mean  temperature  at  the  top  for  the  six  months 
was  then  5°  above  the  mean,  whilst  at  Fort  William  it  was  only  2°-8,  or 
but  little  more  than  half  the  excess  at  the  top  of  the  mountain.  The 
reason  for  this  extraordinary  difference  is  the  remarkable  and  prolonged 
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continuance  of  anti-cyclonio  weather  daring  tlio  time  when,  as  has  heen 
often  referred  to  in  4Hir  Repopte  to  the  Brttiah  -Agsociation^-the-^mpe-^ 
rature  at  the  top  is  frequently  much  higher,  absolutely,  than  it  is  at 
Fort  William. 

The  lowest  mean  monthly  temperature  at  Fort  William  was  37®-6,  for 
January,  and  at  the  top  23^*2  in  the  same  month,  these  being  respectively 
1^*7  and  1^*5  under  the  average  of  the  month.  The  warmest  month  was 
August  at  both  stations,  where  the  means  were  5d^'d  and  43^*6,  or  2^*5  and 
4^*1  in  excess  of  their  averages. 

The  maximum  temperature  at  the  top  was  62^*6  on  June  18,  and  at 
Fort  William  83^'2  on  Aujjust  9.  The  minimum  at  the  top  was  6''*4  on 
January  2,  and  at  Fort  William  13° -9  on  January  6  As  compared  with 
previous  years  the  minima  for  the  ^re  months  from  April  to  August  were 
relatively  high  reading  at  both  stations,  showing  that  the  temperature 
was  during  these  months  not  only  high  as  regards  the  means,  but  was 
marked  by  a  singular  absence  of  such  low  temperatures  as  usually  occur. 

At  the  top  the  registrations  of  the  sunshine  recorder  show  680  hours 
out  of  a  possible  4,470  hours,  being  122  hours  fewer  than  during  the 
previous  year,  and  228  fewer  than  during  1891.  The  following  months 
exceeded  the  averages  :  March  by  20  hours,  April  by  60  hours,  November 
by  23  hours,  and  January  by  6  hours.  The  maximum  was  151  hours  in 
April,  and  this  is  also  longer  than  any  previous  recorded  April.  All  other 
months  fell  short  of  the  averages,  and  during  the  whole  of  December  only 
one  hour's  sunshine  was  recorded,  and  on  the  following  month,  viz.,  January 
1894,  only  three  hours'  sunshine  occurred.  At  Fort  William  the  number 
of  hours  of  sunshine  were  1,065,  which  is  respectively  114  and  155  hours 
fewer  than  during  the  previous  two  years.  The  maximum  was  186  houra 
in  June,  and  the  minimum  6  hours  in  Deceml^er.  At  these  utations,  in 
common  with  a  large  surrounding  district,  1894  was  characterised  by  a 
singular  deficiency  of  sunshine,  which  is  remarkable  in  view  of  the  high 
temperature  of  the  year.  At  the  top  of  the  mountain  the  proportion  of 
the  actual  to  the  possible  sunshine  was  only  15  per  cent.,  and  at  Fort 
William  the  percentage  was  30,  or  double  that  at  the  top. 

At  the  top  the  percentage  of  cloud  covering  the  sky  was  84,  being  the 
average  of  previous  years.  It  varied  greatly  in  the  different  months, 
being  above  90  per  cent,  in  February,  July,  August,  October,  and  December, 
which  were  characterised  by  a  marked  deficiency  of  sunshine,  and  reached 
98  per  cent,  in  December,  when,  as  already  stated,  only  one  hour  of  sun- 
shine was  recorded.  On  the  other  hand,  the  minimum  61  per  cent, 
occurred  in  April,  the  month  of  the  absolute  maximum  sunshine,  being 
66  per  cent,  above  the  maximum  of  the  month. 

The  following  table  shows  the  lowest  humidities  of  each  month  : — 

Table  IJ.— Lowest  Hygrometric  Readings  each  Month, 


- 

1  Jan. 

Feb. 

Mar. 

April 

May 

June 

July 

Aug.  1  Sept. 

Oct. 

Not. 

Dec. 

Dry  Bulb . 

iVr 

sVs 

sVs 

4V1 

5VS 

47-1 

5V6 

87-7 

9r^ 

fr-o 

Wet  Bulb 

1     191 

2f6 

Vl-O 

26-1 

26-2 

86-9 

42-6 

83-« 

87-2 

29-0 

22-2 

14« 

Dew-point 
BlasticForoe  . 

-li-2 

fl-5 

-9*8 

B-7 

12-3  j    22-6 

82-8 

18^7 

22-8 

16-8 

-1-3 

-8il 

-xfii 

•068 

•(«6 

-067 

•07«,    -120 

•186 

•101 

•122 

•098 

■Oil 

•087 

Belativc  Hnmidlty 

18 

47 

81 

33         40    1     86 

47 

81 

32 

41 

27 

89 

As  compared  with  the  similar  table  in  last  year's  Beport  the  folloviiig 
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o^esultsare  inteFestingior  1892  and  JS93 :  Lowest,  dewt-ppinti^  -r*  27^*8  a^ 
-12''%  highest  dew>point  21<'-2  and^2°'8  ;  loi¥(B#t  elastic  force  0*010  iock 
and  0*024  inch;  highest  elastic  force  0114  inch  and  0*122  inch;. and 
lowest  relative  hnmidity  7  and  18,  and  highest  47  and  47.  These  results 
point  to  a  large  excess  of  aqueous  vapour  in  the  air  at  the  Ben  Nevis 
Observatory  during  1893. 

The  rainfall  for  the  year  at  the  top  was  165*77  inches,  being  18*00 
inches  above  the  mean  annual  rainfall.  At  Fort  William  the  amount  was 
83*54  inches,  which  is  10*37  inches  above  the  mean.  These  amounts  are  ra- 
spectively  1 2  and  1 4  per  cent,  above  their  averages.  The  maximum  monthly 
rainfall  at  the  Ben  Nevis  Observatory  was  25-66  inches,  in  December,  and 
the  minimum  5*48  inches,  in  May.  The  minimum  monthly  fall  for  1892 
was  5*42  inches  in  March,  and  these  two  years  show  the  largest  minimum 
falls  of  any  of  the  years  since  the  Observatory  was  opened.  Hence,  at 
this  high  level  situation  the  rainfall  was  not  only  considerably  above  the 
mean,  but  it  continued  to  be  relatively  large  threugh  all  the  months  of 
this  year,  which  will  be  long  remarkable  for  an  unprecedented  drought 
over  a  large  portion  of  the  British  Islands.  On  the  other  hand,  at  the 
Low  Level  Observatory  the  amount  of  the  rainfall  was  short  of  the  average 
for  each  of  the  live  months  from  March  to  July,  the  deficiency  amountiz^ 
to  5*12  inches. 

At  Fort  William  the  rain  fell  on  235  days,  and  at  the  top  on  260  days, 
being  respectively  3  days  under  and  26  days  above  their  averages,  llie 
maximum  number  of  days  on  which  rain  fell  was  31  days  at  the  top  and 
29  at  Fort  William  in  December,  and  the  minimum  number  16  days  in 
March  and  12  days  in  June  respectively. 

The  maximum  daily  rainfall  at  the  top  was  4*29  inches  on  Novem- 
ber 28,  and  at  Fort  William  3*25  inches  on  October  24.  At  the  former 
station  instances  of  one  inch  a  day  or  upwards  occurred  during  each  of 
the  twelve  months^  whereas  at  Fort  William,  during  the  five  months  from 
March  to  July,  the  rainfall  on  none  of  the  days  reaehed  an  inch.  During 
the  year  the  rainfall  amounted  to  an  inch  or  upwards  on  51  days,  but  at 
Fort  William  the  number  of  days  was  only  12,  being  a  lower  proportion 
.at  Fort  William,  as  compared  with  the  top,  than  has  previously  been 
recorded.  Thus,  while  during  the  spring  and  early  summer  of  1893  Fort 
William  participated  in  some  degree  in  the  prevailing  drought,  the  rainfall 
and  moisture  at  the  Ben  Nevis  Observatory  were  above  their  average,  a 
result  probably  occasioned  by  the  stronger  ascending  currents  from  tiie 
superheated  surface  of  the  earth  carrying  to  higher  levels  than  usual  the 
moisture  of  lower  levels. 

Auroras  are  reported  to  have  been  observed  on  the  following  dates  : — 
January  5,  9,  10,  and  11  ;  February  15  ;  March  26  and  29  ;  April  3,  11, 
12,  26,  and  27  ;  May  9  ;  August  12  ;  September  11 ;  October  4  and  17  ; 
And  November  8,  9,  10,  11,  12,  13,  and  14. 

St.  Elmo's  Fire  was  seen  on  February  9  ;  April  6  and  20  ;  August  15 ; 
October  25  ;  and  December  8. 

Thunderstorms  occurred  on  April  6 ;  May  19  and  21 ;  June  8,  12, 
.and  13 ;  July  7,  8,  10,  and  11  ;  August  15 ;  September  8 ;  and  Decem- 
,ber  IK  On  May  21  the  thunderstorm  passed  below  the  level  of  th^ 
.summit,  being  very  severe,  with  much  lightning  and  exceptionally  heavy 
rain  and  hail  at  Fort  William,  while  on  the  summit  there  was  no  lightning 
and  only  a  slight  shower  of  rain.  On  June  13  the  thundercloud  enveloped 
the  summit  for  some  time,  and  the  lightning,  entering  the  Observatory, 
damaged  the  telegraph  cable,  and  greatly  interrupteid  communicatio4 
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during  the  rest  of  the  month,  so  that  on  several  nights  the  usual  dailj  weather 
report  could  not  be  wired  to  the  newspapers.  The  thunderstorm  of  July  7-8, 
though  very  severe,  was  fortunately  unaccompanied  by  any  damage. 

At  Fort  William  the  mean  atmospheric  pressure  at  32*^  and  sea  level 
was  29*871  inches,  and  at  the  top  25*324  inches,  the  difference  being  thus 
4*547  inches.  The  lowest  pressure  at  the  top  for  the  year  was  23*888 
inches  in  December  and  the  highest  26*003  inches  in  April,  the  difference 
being  2*115  inches,  being  considerably  above  the  average  difference.  This 
large  difference  was  due  to  the  low  reading  in  December,  which  was  an 
altogether  exceptional  month  as  regards  the  almost  continuous  saturated 
state  of  the  atmosphere,  and  to  the  high  readings  which  accompanied  the 
anticyclonic  weather  of  the  spring  and  early  summer.  In  truth,  the 
monthly  means  were  uninterruptedly  above  the  average  for  the  six  months 
from  March  to  August,  the  mean  excess  for  the  half-year  being  so  much 
as  O'lOl  inch  above  the  average,  an  excess  only  exceeded  in  1887,  the 
Jubilee  year,  when  the  mean  monthly  pressure  was  uninterruptedly  above 
the  average  from  February  to  July,  the  mean  excess  being  0*144  inch. 
This  period  was  also  strongly  anticyclonic. 

The  important  hygrometric  research  carried  on  at  the  High  and  Low 
Level  Observatories  and  described  in  the  Committee's  last  two  Keports 
to  the  British  Association  has  been  continued.  During  the  past  year 
Mr.  Herbertson  has  conducted  the  observations  with  the  assistance  of 
Mr.  Angus  Rankin,  First  Assistant  at  the  Observatories,  and  of  Mr.  F.  J. 
Hambly,  F.C.S.,  F.I.C.,  Assistant  Lecturer  on  Chemistry  at  University 
College,  Dundee ;  and  of  Mr.  Marr,  Demonstrator  of  Botany  in  the  same 
College. 

An  Assmann  aspiration  psychrometer  was  read  for  dry  and  wet  bulb 
temperatures,  in  addition  to  the  thermometers  in  the  Stevenson  screen. 
The  dust  particles  in  the  air  were  counted,  and  the  general  weather  con- 
ditions of  each  experiment  were  noted.  Nearly  100  experiments  were 
made  at  both  observatories,  of  which  57  were  synchronous. 

A  comparison  of  the  readings  of  the  ventilated  thermometers  with 
those  of  the  screen  only  shows  that  in  calm,  or  virtually  calm,  weather 
the  wet-bulb  in  the  Stevenson  box  is  much  nearer  the  dry-bulb  reading 
than  in  the  Assmann  aspiration  psychrometer.  When  no  measures  are 
taken  for  causing  an  air  current  to  pass  the  thermometer  bulbs,  all 
readings  made  in  calm  or  light  airs  require  to  be  neglected  in  hygro- 
metric work.  Under  ordinary  conditions,  the  total  amount  of  water 
vapour  in  the  air  does  not  vary  much  in  a  fine  day. 

A  discussion  of  the  simultaneous  observations  at  high-  and  low-levels 
brings  out  some  very  interesting  results.  On  September  11,  1893,  with  & 
normal  temperature  gradient  between  the  two  observatories,  the  water- 
vapour  remained  fairly  constant  at  both  places  all  day,  there  being  an 
excess  of  about  1-5  gramme  per  cubic  metre  at  the  lower  station.  On 
September  4  the  summit  temperature  was  only  from  2**  to  7^  lower  than 
at  Fort  William,  instead  of  16^'0  the  normal  difference ;  and  on  this 
occasion  the  difference  between  the  quantities  of  water- vapour  was  as  great 
as  from  6'  7  to  4-60  grammes  per  cubic  metre.  This  great  variation  was 
almost  entirely  due  to  changes  in  the  amount  of  water-vapour  in  the 
upper  air,  since  there  was  a  steady  increase  of  vapour  from  9'15  grammes 
per  cubic  metre  at  9  a.m.  to  10*56  at  2  p.m.,  and  11'40  at  7  p.m.  at  the  low- 
level  station  ;  whereas  the  vapour  at  the  summit  was  2-72  at  9  A.M.,  5'9S 
at  2  P.M.,  3-92  at  5  p.m.,  5*55  at  7  p.m.,  and  5*89  at  9  p.m.  ;  the  maximum 
at  the  summit  at  2  p.m.  being  evidently  caused  by  an  uprush  of  moister 
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air  from  the  valleys.  Thin  cirrus  clouds  floated  above  the  hill  all  day, 
and  detached  masses  of  fog  were  in  the  valleys.  The  next  day  the  hill- 
top was  enveloped  in  mist,  and  thick  cumulus  clouds  were  observed  over 
Fort  William  with  a  smaller  hourly  variation  both  of  temperature  and 
water-vapour. 

Mr.  Marr  continued  the  work  at  Fort  William  at  Christmas,  and 
Mr.  Herbertson  in  May,  the  latter  having  carried  on  the  experiments 
in  the  drier  air  of '  Montpellier  during  the  early  months  of  this  year. 
These  data  have  served  to  extend  the  curves  drawn  from  the  figures 
already  o\>tained,  the  Montpellier  results  being  found  to  agree  well  with 
those  made  at  Fort  William  where  they  overlapped. 

It  is  Mr.  Herbertson's  intention  to  continue  these  investigations  in  the 
coming  autumn  and  winter,  more  special  attention  being  then  given  to 
secure  an  increased  number  of  simultaneous  high  and  low  determinations 
of  water-vapour. 

The  inquiry  into  the  hourly  variation  of  pressure  and  temperature  at 
the  observatories  during  days  of  clear  weather  on  the  one  hand,  and  days 
of  fog  or  mist  throughout  on  the  other,  has  been  prosecuted  during  the 
year.  On  completing  the  hourly  variations  of  pressure  during  each  of 
these  two  distinct  types  of  weather  at  the  Low  Level  Observatory  at  Fort 
William  on  the  same  days  at  the  top  of  the  mountain,  it  was  seen  that 
substantially  the  same  sets  of  curves  obtained  in  both  situations.  In 
particular  at  both  places  the  same  extraordinarily  high  pressure  from 
about  6  P.M.  to  2  A.M.  occurs  during  days  of  fog  or  mist^  or  completely 
clouded  days,  thus  demonstrating  the  important  r6le  played  by  the 
aqueous  vapour  of  the  atmosphere  in  the  diurnal  meteorological  changes. 
The  point  was  considered  to  be  of  such  importance  as  to  warrant  the 
extension  of  the  inquiry  to  another  place  where  the  climate,  as  regards 
moisture,  resembles  in  some  degree  that  of  Fort  William.  Trieste,  at  the 
head  of  the  Adriatic  Sea,  was  selected  for  examination,  particularly  since 
the  hourly  values  for  pressure  and  sunshine  are  published  for  this  place. 
The  results  for.  the  three  observatories  are  given  in  Tables  III.  to  VIII. 
of  this  Report.  The  times  over  which  the  inquiry  extends  are  three  years, 
from  August  1890  to  July  1892  for  the  Ben  Nevis  Observatories,  and  the 
three  years  1888  to  1890  for  Trieste.  The  results  have  been  <  bloxamed,'  as 
explained  in  our  last  Report  (p.  284). 

The  results  of  the  investigation,  so  far  as  it  has  been  carried,  are,, 
broadly  stated,  these  :— During  fine  cloudless  weather  the  hourly  curves, 
of  the  three  places  are  virtually  congruent  with  their  curves  for  the 
whole  of  the  observations,  clear  and  clouded  alike,  except  that  the  diurnal 
phases  of  maxima  and  minima  are  more  strongly  pronounced,  and  the 
evening  maximum  is  continued  for  a  shorter  period.  During  foggy  and 
clouded  weather  each  of  the  three  places  shows  in  the  colder  months: 
of  the  year  the  ordinary  double  maxima  and  minima  of  pressure  fairly 
well  marked.  It  is  quite  otherwise  in  the  warmer  months,  when  at  the 
Ben  Nevis  Observatories  the  morning  maximum  is  virtually  obliterated^ 
and  Trieste  very  greatly  reduced.  It  is,  however,  the  evening  maximum 
which  shows  the  most  surprising  results.  This  is  at  all  seasons  at  the 
low-level  stations,  but  in  the  warmer  months  it  is  the  outstanding  feature 
of  the  curves.  For  May,  June,  and  July  the  mean  at  the  top  is  0*018 
inch,  at  Fort  William  0023  inch,  and  at  Trieste  also  0*023  inch.  In 
these  months  the  maximum  of  this  phase  of  the  barometric  curve  occurred 
either  at  midnight  or  shortly  before  it. 

The  temperature  curves  for  the  Ben  Nevis  Observatory  have^lso  been 
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calculated,  with  the  result  that  on  clear  days  the  diurnal  range  of  tempera- 
ture is  only  very  slightly  in  excess  of  that  of  foggy  days.  But  in  summer 
the  difference  between  the  mean  coldest  and  warmest  hour  is  l°'l  ;  but 
on  clear  days  the  difference  is  2^*9,  or  nearly  three  times  greater. 

The  further  prosecution  of  this  inquiry  and  examination  of  the 
cyclones  and  anti-cyclones  of  North- Western  Europe  will  engage  the 
attention  of  your  Committee  next  year,  when  a  large  portion  of  the  time 
of  Dr.  Buchan  and  Mr.  Omond  will  be  given  to  this  work. 

Table  III. — Shxyvoing  at  tlie  Ben  Nevis  Observatory  the  Mean  Hour  It/ 
Variation  of  Pressure,  in  thovsandtJis  of  an  tncA,  during  clear  days. 
The  minus  sign  means  under  tlie  average. 


Hour 

Jan. 

Feb. 

Mar. 

April 

May 

Jane 

July 

Aug. 

Sept 

Oct. 

Nor. 

Dec 

Year; 

1  A.M. 

-18 

-10 

-  8 

-  7 

-  7 

-  9 

-10 

-n 

-13 

-16 

-17 

-17 

-12 

-16 

-1» 

-10 

-10 

-11 

-12 

-18 

-13 

-14 

-16 

-17 

-18 

-13 

3 

-14 

-13 

-14 

-14 

-18 

-  6 

-18 

-16 

-16 

-17 

-18 

-17 

-16 

4 

-16 

-15 

-16 

-17 

-18 

-17 

-20 

-18 

-17 

-17 

-18 

-18 

-17 

f 

-le 

-14 

-16 

-17 

-18 

-17 

-19 

-17 

-16 

-16 

-18 

-19 

-17  i 

^      t 

-11 

-  9 

-10 

-18 

-13 

-13 

-16 

-14 

-12 

-12 

-16 

-16 

-12  ! 

*     n 

-  6 

-  6 

-  7 

-  9 

-  9 

-  9 

-11 

-  9 

-  7 

-  6 

-  8 

-  9 

-  R  1 

-  0 

-  1 

-  1 

-  3 

-  4 

-  6 

-  6 

-  3 

+  1 

+  4 

+  3 

+  I 

-  1  i 

•     » 

+10 

+  6 

+  6 

+  1 

+  0 

+  0 

-  1 

+  2 

+  6 

+11 

+  12 

+  11 

+  6 

10    „ 

+U 

+10 

+  9 

+  6 

+  4 

+  3 

+  8 

+  6 

+  9 

+16 

+18 

+16 

+  9  ' 

u   „ 

+17 

+  18 

+  13 

+  9 

+  7 

+  6 

+  7 

+  9 

+  12 

+18 

+22 

+21 

+  13 

Noon 

+  l« 

+  13 

+14 

+  19 

+  11 

+  11 

+11 

+  18 

+  16 

+20 

+22 

+19 

+  16 

1  P.J«. 

+1« 

+19 

+14 

+14 

+19 

+  19 

+  13 

+  16 

+16 

+18 

+17 

+  14 

+  14 

*    »• 

+  8 

+  8 

+  10 

+  13 

+  13 

+  14 

+14 

+14 

+  12 

+  13 

+13 

+  11 

+  12  1 

+  « 

+  6 

+  6 

+  9 

+11 

+  13 

+13 

+  13 

+11 

+  9 

+  8 

+  7 

+  d 

4 

+  4 

+  3 

+  3 

+  6 

+  8 

+  11 

+11 

+  10 

+  6 

+  6 

+  6 

+  7 

+  7 

*    i» 

+  * 

+  6 

+  3 

+  6 

+  6 

+  8 

+  10 

+  8 

+  6 

+  6 

+  6 

+  8 

+  6 

+  7 

+  6 

+  4 

+  4 

+  4 

+  6 

+  8 

+  6 

+  6 

+  4 

+  7 

+  9 

+  6 

'     f» 

+  7 

+  6 

+  4 

+  4 

+  3 

+    4 

+  7 

+  6 

+  • 

+  4 

+  6 

+  8 

+  6 

+  6 

+  6 

+  4 

+  6 

+  6 

+  6 

+  7 

+  7 

+  6 

+  3 

+  4 

+  6 

+  6 

"    »• 

+  4 

+  3 

+  3 

+  6 

+  6 

+  7 

+  8 

+  6 

+  2 

-  3 

-  0 

+  8 

+  4 

10    „ 

+  0 

+  0 

+  1 

+  3 

+  4 

+  6 

+  6 

+  2 

-  2 

-  7 

r-    4 

-  2 

+   1 

11      n 

-  ft 

-  4 

-  2 

-  0 

-  0 

+  1 

+  1 

-  2 

-  8 

-18 

-11 

-  9 

-  4 

Midnight 

-11 

-' 

-  6 

-  4 

-  6 

-  6 

-  6 

-  7 

-12 

-16 

-16 

-14 

-  9 

Table  TV. — Showing  at  the  Ben  Nevis  Observatory  the  Mean  Hourly 
Variation  of  Pressure,  in  tliouMindths  of  an  inch,  during  days  of  fog  or 
mist.     Tlie  minus  sign  shows  tlie  means  under  Uie  average. 


Hour 

Jan. 

Feb. 

Mar. 

April 

May 

June 

July 

Aug. 

Sept. 

Oct 

Not. 

Dec 

Tearl 

1  A.M. 

+  4 

+  8 

+  6 

+  8 

+  7 

+  10 

+  7 

+  6 

+  4 

+  8 

+  6 

+  6 

+  7 

S     n 

+  0 

+  1 

-  2 

-  2 

-  4 

-  1 

-  2 

-  0 

-  8 

-  0 

—  1 

+  2 

-  1 

-  3 

-  6 

-10 

-11 

-U 

-  9 

-10 

-  8 

-10 

-  6 

—  6 

-  1 

-  8 

4    ^ 

-  9 

-12 

-14 

-17 

-17 

-18 

-16 

-16 

-16 

-  9 

—  8 

-  7 

-16  1 

*    i» 

-11 

-14 

-15 

-21 

-20 

-20 

-20 

-18 

-18 

-10 

—  9 

-11 

-15 

6     n 

-16 

-18 

-16 

-20 

-20 

-20 

-19 

-17 

-16 

-11 

-10 

-13 

-18 

*      » 

-14 

-16 

-18 

-17 

-17 

-18 

-17 

-Ifi 

-14 

-  8 

-11 

-14 

-  9 

-10 

-  7 

-11 

-12 

-16 

-14 

-13 

-10 

-  8 

.  f 

-  6 

-  9 

9     i» 

-  6 

-  8 

-  4 

-  9 

-10 

-13 

-11 

-11 

-  8 

-  1 

+  3 

-  1 

-  7  , 

-  1 

-  4 

-  0 

-  6 

-  6 

-10 

-  8 

-  8 

-  6 

-  1 

+  3 

+  1 

-  4 

1*     n 

+  3 

+  0 

+  3 

-  2 

-  3 

-  7 

-  4 

-  4 

-  3 

-  1 

+  3 

+  3 

-   1 

Noon 

+  4 

+  2 

+  6 

+  0 

-  1 

-  4 

-  0 

-  1 

-  0 

-  2 

+  0 

+  1 

+   1 

1  P.M. 

-  0 

-  1 

+  3 

+  3 

+  3 

+  1 

+  8 

+  4 

+  1 

-  6 

-  4 

+  1 

*     n 

-  8 

-  4 

+  1 

+  4 

+  6 

+  4 

+  4 

+  4 

+  1 

-  7 

—  6 

-  7 

-  1 

3     n 

-  4 

-  6 

-  0 

+  4 

+  6 

+  3 

+  6 

+  3 

+  0 

-  8 

—  8 

-  8 

-  1  , 

-  2 

-  4 

-  3 

+  2 

+  6 

+  7 

+  7 

+  4 

+  1 

-  8 

..  7 

-  6 

+  0 

6    „ 

+  I 

+  1 

+  0 

+  2 

+  6 

+  6 

+  6 

+  4 

+  3 

-  4 

—  6 

-  4 

+  2  : 

6    ,, 

+  4 

+  6 

+  2 

+  4 

+  7 

+  9 

+  7 

+  6 

+  4 

-  1 

—  2 

-  1 

+  4 

7     n 

+  8 

+  9 

+  6 

+  8 

+10 

+  14 

+  12 

+10 

+  9 

+  4 

+  4 

+  4 

+  8 

8     ft 

+  11 

+  12 

+  9 

+  12 

+13 

+  16 

+16 

+16 

+  13 

+  8 

+  7 

+  8 

+  12  1 

■     » 

+  12 

+  14 

+  10 

+  14 

+16 

+20 

+  19 

+18 

+16 

+13 

+11 

+  12 

+14 

10    „ 

+  11 

+  14 

+10 

+  16 

+  16 

+  29 

+21 

+20 

+17 

+  16 

+  12 

+  13 

+16 

11      n 

+  10 

+  14 

+  10 

+  16 

+  16 

+22 

+21 

+20 

+16 

+  16 

+12 

+12 

+16 

Midnight 

+  10 

+  16 

+11 

+  16 

+  14 

+22 

+19 

+18 

+13 

+  14 

+11 

+13 

+16 

Diniti 

iBd  bv ' 

^Oi 

dqU 

-> 
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Table  V, — Showing  at  Fort  William  Observatory  the  Mean  Hourly  Varia- 
tion of  Pressure^  in  thousandths  of  an  inch^  during  clear  days.  The 
minus  sign  shows  means  under  Hie  average. 


Hour 


Noon 
pji. 


1< 
1 
Mididght 


Jan. 


-14 
-13 
-14 
-15 
-15 

-  » 

-  f 
+  » 
+18 
+M 
+M 
+« 
+  10 
+  6 

-  8 

-  t 

-  1 
+  I 
+  4 
+  » 
+  0 

-  « 

-  8 


Feb. 


-  7 

-  6 

-  8 

-  7 

-  8 

-  % 
+  8 
+1S 
+  15 
+18 

+ir 
+1« 

+  4 

-  s 

-  7 

-  8 

-  9 

-  8 

+  » 

-  1 

-  I 

-  4 

-  6 


Mar. 


-  0 

-  0 

-  8 

+  1 

-  0 
+  7 
+  11 
+  18 
+18 
+18 
+  14 
+  8 

-  0 

-  8 
-15 
-18 
-18 
-18 

-  9 

-  f 

-  1 
+  1 

-  3 

-  1 


Apr. 


+  6 
+  6 
+  8 
+  6 
+  7 
+  18 
+16 
+  18 
+16 
+  14 
+  7 

+  a 

-  6 
-18 
-19 
-M 
-24 
-19 
-14 

-  5 
+  I 
+  4 
+  4 
+  5 


May 


+  7 
+  8 
+  6 
+  8 
+  10 
+  17 
+  19 
+20 
+  16 
+  11 
+  8 

-  8 
-10 
-14 
-20 
-28 
-25 
-21 
-17 

-  7 
+  1 
+  6 
+  6 
+  7 


June  I  Jnly    Ang.  |  S«pl. 


+  6 
+  6 
+  6 
+  7 
+  9 
+  16 
+  17 
+  18 
+  15 
+11 
+  4 

-  0 

-  8 
-12 
-16 
-20 
-28 
-20 
-17 

-  7 
+  0 
+  » 
+  6 
+  6 


+  8 
+  3 
+  2 
+  8 
+  4 
+  11 
+  18 
+  16 
+14 
+  12 
+  5 
+  2 

-  5 

-  9 
-14 
-17 
-19 
-16 
-18 

-  5 
+  1 
+  6 
+  5 
+  4 


-8.-9 

-2-6 
-21-8 


1 

-  1 
+  8 
+  12 
+  18 
+  17 
+  16 
+  9 
+  6 

-  I 

-  6 
-12 
-15 
-18 
-16 
-11 

-  2 
+  0 
+  2 
+  0 

-  8 


-  6 

-  4 
+  4 
+  10 
+  19 
+20 
+  19 
+  14 
+11 
+  8 

-  2 

-  9 
-12 
-15 
-10 

-  7 

-  0 

-  1 

-  2 

-  6 
-10 


Oct. 

Nov. 

Dec. 

Year 

-16 

-JO 

-19 

-  6 

-12 

-17 

-17 

-  4 

-14  ,  -18 

-18 

-  6 

-11 

-17 

-18 

-  4 

-  8 

-16 

-18 

-  8 

-  0 

-  0 

-12 

+  4 

+  6 

-   I 

-  5 

+  8 

+  18 

+  13 

+  10 

+16 

+28 

+21 

+  17 

+  17 

+  26 

+28 

+24 

+  18 

+28 

+29 

+26 

+15 

+19 

+24 

+25 

+11 

+11 

+16 

+14 

+  2 

+  4 

+  7 

+  7 

-  8 

-  4 

-  1 

+  2 

-10 

-  6 

-  1 

+  3 

-12 

-  9 

-  1 

+  4 

-18 

-  5 

+  8 

+  7 

-  9 

-  4 

+  2 

+  6 

-  6 

-  1 

+  2 

+  5 

-  1 

-  4 

-  3 

-  1 

-  1 

-  8 

-  8 

-  5 

-  0 

-15 

-15 

-11 

-  8 

-19 

-21 

-18 

-  6 

Table  VL — Showing  at  Fort  WiUiam  Observatory  the  Mean  Hourly 
Variation  of  Pres9urey  in  thousandtlis  of  an  inch,  during  days  of  fog  or 
mist.     The  m,inus  sign  shows  means  under  tfie  average. 


Hoar 

Jan. 

PeU 

Uax. 

AprU 

May 

Jnna 

July 

Ang. 

Sept. 

Oct. 

Not. 

Deo. 

Year 

1  AM, 

+  9 

+  18 

+11 

+14 

+  15 

+16 

+  12 

+  10 

+  9 

+11 

+  9 

+  11 

+  12 

*     *t 

+  6 

+  9 

+  5 

+  7 

+  7 

+  8 

+  4 

+  8 

+  1 

+  5 

+  4 

+  8 

+  6 

-  2 

-  2 

-  6 

—  5 

-  6 

-  4 

-  6 

-  6 

-  8 

-  4 

-  3 

+  1 

-  4 

-  7 

-  7 

-  8 

—10 

-  9 

-10 

-12 

-12 

-12 

-  6 

-  6 

-  4 

-  9 

-10 

-10 

-  9 

—  14 

-14 

-15 

-15 

-16 

-16 

-10 

-  0 

-  9 

-12 

e  M 

-12 

-18 

-  9 

—11 

-11 

-13 

-13 

-14 

-13 

-  8 

-  6 

-  8 

-11 

-13 

-18 

-  8 

—11 

-11 

-18 

-12 

-12 

-11 

-  7 

-  7 

-10 

-11 

-  9 

-10 

-  8 

—  6 

-  7 

-10 

-  9 

-  9 

-  7 

-  2 

-  0 

-  6 

-  8 

9    „ 

-  6 

-  8 

-  2 

—  5 

-  8 

-12 

-10 

-  9 

-  8 

-  1 

+  2 

-  2 

-  6 

10 

+  8 

-  1 

+  4 

~  3 

-  7 

-12 

-  9 

-  6 

-  5 

+  2 

+  6 

+  5 

-  2 

11       ^ 

+  4 

-  1 

+  1 

—  6 

-  8 

-11 

-  8 

-  7 

-  7 

-  2 

+  5 

+  6 

-  3 

Noun 

+  1 

-  2 

+  1 

—  4 

-  6 

-  8 

-  5 

-  3 

-  5 

-  4 

+  0 

+  1 

-  3 

1  P.IU 

-  4 

-  8 

-  4 

—  7 

-  6 

—  i 

-  4 

-  4 

-  6 

-  8 

-  5 

-  6 

-  6 

-  8 

-11 

-  7 

—  5 

-  4 

-  5 

-  2 

-  3 

-  4 

-10 

-  8 

-10 

-  7 

3 

-11 

-12 

-18 

—  10 

-  8 

-  7 

-  5 

-  6 

-  6 

-12 

-U 

-12 

-10 

4 

-  7 

-10 

-12 

—  9 

-  8 

-  7 

-  4 

-  4 

-  4 

-10 

-  8 

-  7 

-  8 

f 

-  8 

-  5 

-  8 

—  8 

-  6 

-  4 

-  4 

-  4 

-  8 

-  7 

-  6 

-  6 

-  5 

+  8 

+  fl 

-  1 

_  1 

-  1 

+  1 

+  0 

+  1 

+  4 

+  1 

+  0 

-  1 

+  1 

+  8 

+  5 

+  2 

+  2 

+  3 

+  4 

+  8 

+  5 

+  8 

+  4 

+  3 

+  1 

+  4 

8    ., 

+  9 

+11 

+  10 

+  11 

+  11 

+12 

+  11 

+18 

+  17 

+11 

+  7 

+  5 

+  11 

+10 

+  12 

+10 

+  15 

+  17 

+  19 

+  17 

+17 

+  18 

+  12 

+  8 

+  7 

+  14 

+12 

+  16 

+  15 

+20 

+  22 

+24 

+«2 

+22 

+21 

+  16 

+10 

+11 

+  18 

Midolght 

+11 

+18 

+14 

+19 

+21 

+14 

+22 

+20 

+  19 

+  16 

+11 

+12 

+  17 

+15 

+28 

+  19 

+28 

+22 

+25 

+82 

+  19 

+  17 

+  18 

+  13 

+  17 

+19 
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Table  VII. — Sliounng  at  Trieste  tlie  Mean  Hourly  Variation  of  Pressure, 
in  thousandths  of  an  inch,  during  clear  days.  The  minus  sign  shows 
means  under  the  average. 


Hour 

JftD. 

Feb. 

Miir. 

April 

May 

June 

July 
+  0 

Aug. 

+  1 

Sept. 

+  1 

'  Oct. 

Not. 

Deo. 

YflAT 

1  A.X. 

+  < 

+  » 

+  » 

-  1 

+  0 

.+  1 

!  +  • 

+  6 

+  6 

+  8 

9    ,» 

+  • 

+  6 

+  J 

-  8  j  -  « 

-  1 

-  2 

-0     _u+4|+8 

+  8 

+  9 

t    >. 

+  4 

+  4 

+  0 

-8-4 

-  4 

-  8 

-  3 

-  4 

-  1      -  0 

+  4 

-  1 

4    .> 

+  1 

+  S 

-  8 

-  8  1  -  6 

-  6 

-  6 

-  6 

-  8 

-  8 

-  9 

+  1 

-  8 

«    .. 

-  t 

-  0 

-  4 

_  5  1  _  ( 

-  4 

-  X 

-  4 

-  4 

-  8 

-  4 

-  9 

.  8 

«    „ 

-  i 

-  0 

-  1 

—  1  1  —  1 

+  1 

+  0 

-  9 

-  1 

-  9 

-  8 

-  8 

-  1 

7    „ 

+  0 

+  4 

+  • 

+  7 

+  7 

+  7 

+  6 

+  4 

+  8 

+  8 

+  1 

-  1 

+  4 

8    » 

+  4 

+  9 

+  18 

+18 

+  18 

+  18 

+11 

+  10 

+  11 

+  10 

+  8 

+  8 

+  10 

»    ., 

+10 

+14 

+  18 

+  18 

+  17 

+  16 

+  16 

+  18 

+  17 

+  16 

+  16 

+  19 

+  18 

w   , 

+  11 

+  14 

+  18 

+  18 

+  16 

+  16 

+  16 

+  16 

+  16 

+  14 

+  18 

+  11 

+  18 

n  ;, 

+  • 

+  11 

+  18 

+  18 

+  18 

+  18 

+18 

+  18 

+  18 

+  U 

+16 

+  8 

+  19 

Koon 

+  2 

+  7 

+  10 

+  18 

+  11 

+  18 

+18 

+  9 

+  8 

+  4 

+  8 

+  0 

+  8 

1  P.St. 

-  8 

-  S 

+  1 

+  8 

+  8 

+  8 

+  6 

+  8 

+  I 

-  8 

-  6 

-  0 

-  0 

«    ». 

-16 

-u 

-  7 

—  8 

-  0 

-  0 

+  1 

-  9 

-  6 

-11 

-18 

-  6 

-  7 

»    ., 

-1«  '  -17 

-H 

-  8 

-  6 

-  8 

-  8 

-  6 

-11 

-16 

-16 

-17 

-11 

4    » 

-1« 

-18 

-18 

-14 

-11 

-11 

-10 

-19 

-16 

-18 

-16 

-17 

-14 

»    » 

-IS 

-18 

-16 

-17 

-16 

-17 

-16 

-16 

-17 

-18 

-16 

-14 

-18 

<    .» 

-  » 

-U 

-16 

-18 

-18 

-18 

-19 

-18 

-16 

-14 

-10 

-10 

-16 

7        M 

-  S 

-  8 

-  D 

-l« 

-13 

-16 

-17 

-1* 

-11 

-  7 

-  4 

-  4 

-10 

8    « 

+  1 

-  8 

-  4 

-  i 

-  8 

-11 

-11 

-  7 

-  8 

-  1 

+   1 

+  9 

-  4 

»    ,. 

+  6      +  4  1 

+  9 

+  1 

+  0 

-  a 

-  2 

+  9 

+  4 

+  8 

+  « 

+  7 

+  8 

10    „ 

+  • 

+  « 

+  8 

+  8 

+  8 

+  8 

+  8 

+  6 

+  6      +8 

+  8 

+  9 

+  8 

11    ., 

+  » 

+  7 

+  8 

+  « 

+  8      +4 

+  8 

+  8 

+  4      +  7  1  +  8 

+  11 

+  8 

Midnight 

+  7 

+  4 

+  0 

-  1 

+  1+8 

+  8 

+  4 

+  9      +  6  1  +  « 

+  10 

+  4 

Table  VIII. — Showing  at  Trieste  the  Mean  Hourly  Variation  of  Pressure, 
in  thousandths  of  an  inch,  during  completely  clouded  days.  The 
fninus  sign  indicates  moans  above  tlie  average. 


Hour 

Jul 

F«b. 

Mar. 

+  14 

April 

May 

June 
+16 

July 

Aug. 

Sept 

Oct. 

KOT. 

Dec 

T«v 

1  A.M. 

+  9 

+  11 

+18 

+21 

+  6 

-  1 

+  6 

+16 

+16 

+  18 

+  18 

*     i» 

+  7 

+  8 

+  8 

+  10 

+  10 

+  4 

-  9 

-  7 

+  I 

+  8 

+  19 

+  10 

+  g 

+  6 

+  8 

-  1 

-  8 

-  2 

-  6 

-10 

-13 

-  7 

+  1 

+  6 

+  8 

-  s 

4     ,j 

-  1 

-  3 

-  8 

-10 

-  9 

-19 

-16 

-19 

-16 

-  8 

-  4 

-  0 

—  g 

J> 

-  6 

-  7 

-16 

-17 

-14 

-la 

-1« 

-18 

-16 

-18 

-  9 

-  6 

—  IS 

4     •? 

-  8 

-10 

-17 

-19 

-16 

-14 

-11 

-16 

-18 

-18 

-18 

-  8 

—18 

7     •« 

-  6 

-  8 

-16 

-17 

-18 

-  8 

-  8 

-  6 

-10 

-14 

-19 

-  7 

-10 

-  (• 

-  1 

-  8 

-11 

-  8 

-  4 

-  9 

-  8 

-  6 

-  6 

-  6 

-  1 

—  g 

i« 

+  7 

+  8 

-  1 

-  4 

-  1 

+  4 

+  12 

+  10 

+  7 

-  9 

-  2 

+  4 

+  t 

+  10 

+  10 

+  9 

-  1 

-  0 

+  4 

+  16 

+  16 

+  18 

+  9 

+  1 

+  6 

+  7 

+  H 

+10 

+  4 

-  1 

-  8 

+  1 

+  16 

+  20 

+  18 

+  9 

-  1 

+  9 

+  6 

No^n 

+  0 

+  4 

+  0 

-  X 

-  7 

+  0 

+  » 

+  16 

+  11 

-  8 

-  9 

-  7 

+   1 

1  PM. 

_  » 

-  8 

-  4 

-  8 

-10 

-  4 

+  8 

+  8 

+  9 

-  9 

-16 

-16 

—  6 

-16 

-18 

-  8 

-10 

-11 

-  8 

-  8 

-  8 

-10 

-18 

-19 

-21 

—11 

8    „ 

-17 

-16 

-11 

-19 

-18 

-  8 

-10 

-  8 

-18 

-11 

-16 

-18 

—19 

4 

-17 

-16 

-11 

-19 

-14 

-11 

-14 

-  8 

-18 

-  7 

-U 

-16 

—IS 

-18 

-14 

-  8 

-  9 

-19 

-10 

-16 

-  8 

-19 

-  8 

-  8 

-11 
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Experiments  for  Improinng  tlie  Gonstmction  of  Praetical  Standards  for 
Electrical  Measurements. — Report  of  the  Gomraiitee^  consisting  of 
Professor  Carey  Foster  {Chairman),  Lord  Kelvin,  Professors 
Ayrton,  J.  Perry,  W.  G.  Adams,  and  Lord  Rayleigh,  Drs.  O. 
J.  Lodge,  John  Hopkinson,  and  A.  Muirhead,  Messrs.  W.  H. 
Preece  amd  Herbert  Taylor,  Professor  J.  D.  Everett,  Professor 
A.  Schuster,  Dr.  J.  A.  Fleming,  Professors  6.  F.  FitzGerald, 
G.  Chrystal,  and  3.  3.  Thomson,  Messrs.  R.  T.  Glazebrook 
{Secretary),  and  W.  N.  Shav^  ,  Rev.  T.  C.  Fitzpatrick,  Dr.  J.  T. 
BoTTOMLEY,  Professor  J.  Viriamu  Jones,  Dr.  G.  Johnstone 
Stone Y,  Professor  S.  P.  Thompson,  and  Mr.  G.  Forbes. 
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II.    Bspperinients  on  the  Vahte  of  thm  Ohm.    Jiy  J.  Vibiamu  Jokbs    .        .     123 

III.  Compwrienn  of  the  Standards  employed  by  Profrgsor  Jones  with  the 

Standards  tf  the  Association.    JJy  B.  T.  Glazkbeook  .        .128 

IV.  Comparison  of  Some  of  tlic  Standards  of  the  Board  of  Trade  with 

ttiose  tf  the  Association.    J^^^  J.  Ren  nib 130 

y.     Values  of  Certain   Coils  heUmging  to  the  Indian  Government.    By 

E.O.Walker 131 

VI.     On  the  Specific  Resistance  of  Ctijjper  and  of  Silrer.    By  Rev.  T.  C. 

Fitzpatrick 1.^1 

VII.     Final  Report  of  the  Electrical  Standards  Committee  (f  the  Board  of 

Trade,  and  Order  in  Council  regarding  Standards  for  Electrical 

Meaewrements 136 

Tns   work  of  testing  resistance  coils  at  the  Cavendish  Laboratory  has 
been  continued.     A  table  of  the  coils  tested  is  given. 

Table  I. 
Ohms. 


No.  of  Coil 


Nalder.  3876 
Haider,  4320 
Xalder.  4322 
White 

Nalder,  4087 
Paul  . 
Paul  . 
Paul  . 
Paul  . 
Nalder,  4274 
Nalder,  4275 


^  No.  376 
^  No.  381 
I^  No.  382 
H^  No.  383 
'j^  No.  384  I 
^   No.  385  ; 
^  No.  386 
3C^  No.  387  I 
1^  No.  388  i 
^  No.  389  ; 
1^  No.  390  I 


Value  of  Coil 

Temperature 

•99916 

14^0 

•99922 

14°1 

•99743 

15<>-6 

r0009o 

15®15 

100079 

170-35 

•99993 

13°-7 

10-0041 

13«>-7 

100  (I --00059) 

13°'7 

1000(1-00197) 

14°-2 

•100060 

16«>-2 

•100053 

n''^ 
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Tablb  I. — Ohm» — contiimed. 


No.  of  Coil 

Value  of  Coil 

Temperature 

Nalder,  4051       .                .  ^  No.  391 

•99988 

13°-4 

Nalder,  4B33      . 

gg^  No. -393 

*99902 

13«-6 

Nalder.  4339 

^  No.  394 

•99916 

13<>-7 

Nalder.  4302      . 

*^  No.  395 

•99925 

140-8 

Nalder.  4303 

*    No.  396 

•99938 

14^-6 

Nalder.  4304 

*    No.  397 

•99932 

14»-6 

Nalder,  4273 

1^  No.  398 

•99908 

13^-56 

Nalder,  4565 

'g^  No.  399 

•99923 

13«-9 

Nalder,  4562 

^  No.  400 

•99938 

13<^-9 

Nalder.  4556 

'^  No.  401 

99929 

13«-8 

Nalder,  4659 

^  No.  402 

9-9924 

13°-8 

Nalder,  4563 

.  1^  No.  403 

9-9935 

13°-8 

Nalder.  4557 

;^  No.  404 

100(1 --00097) 

14°-1 

Nalder.  4560 

;^  No.  405 

100(1-00113) 

l4«-2 

Nalder,  4564 

.  5P^  No.  406 

100(1-00093) 

14<>1 

Nalder,  4665 

^  No  407 

100(1  "--00003) 

14°-2 

Nalder,  4558 

.  5;    No.  408 

1000(1 --00126) 

13<'-9 

Nalder.  4561 

^  No.  409 

1000(1 --00092) 

14^-0 

Nalder,  456G 

.  3g^  No.  410 

1000(1 --00007) 

13«-9 

Paul,  15      . 

.  ^  No.  411 

•99950 

14*^-7 

Paul,  27      . 

^  No.  412 

roooi6 

16«-4 

Paul,  13      . 

;^  No.  413 

9-9973 

14^-8 

Paul,  19      . 

;^  No.  414 

10-0038 

14«-76 

Paul,  30      . 

.  ^  No.  416 

100(1-00091) 

14»-75 

Paul,  29 

.   ^  No.  416 

1000(1-00094) 

14°1 

Burstall 

^  No.  417 

1-00026 

13''-4 

Elliott,  307 

.  ^  No.  418 

•99971 

13°-4 

Nalder.  4340 

.  ^  No  .419 

100009 

16*^-85 

Paul,  20     . 

.  J^  No.  420 

•99760 

16°-4 

Paul,  32      . 

.   *  No.  421 

9-9997 
Jnits. 

16^5 

Elliott,  87  . 

.  "^  No.  81 

1-00080 

16°-7 

Muirhead  . 

.  ^  No.  392 

-99996 

/— 

13<»-7 
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The  Committee  regret  that  the  insulation  of  some  of  the  coils  refen*ed 
to  in  their  last  Report,  which  had  been  selected  for  the  new  standards  of 
resistance,  as  defined  by  the  resolutions  adopted  at  Edinburgh,  has  proved 
defective.  Traces  of  acid  have  been  discovered  in  the  paraffin  with  which 
the  coils  were  filled.  The  two  one-ohm  standards  of  the  Association,^ 
as  well  as  two  of  the  one-ohm  standards  of  the  Board  of  Trade,^  were 
found  in  January  last  to  have  so  low  an  insulation  resistance  between  the 
coil  and  the  case  as  to  be  useless. 

Thus  the  labour  spent  in  the  testing  of  these  coils  has  been  wasted ; 
much  of  it  will  need  to  be  done  again.  The  insulation  of  some  of  the 
other  standard  ohm  coils  is  not  satisfactory.  The  single  ohm  standards 
have  therefore  been  remade,  and  the  others  are  being  refilled  with  carefully 
selected  paraffin.  The  original  B.A.  units  have  not,  so  far  as  comparisons 
between  them  can  show,  changed  their  values  during  the  year,  and  one 
set  of  new  ohm  standards  also  has  shown  no  sign  of  change. 

The  Committee  print,  as  an  appendix  to  the  Report,  the  report  of  the 
proceedings  at  the  International  Congress  at  Chicago,  presented  to  the 
Secretary  of  State  at  Washington  by  the  American  delegate  to  the 
Conference. 

During  the  year  Professor  J.  Y.  Jones  has  determined,  by  the  aid  of 
his  Lorenz  apparatus,  the  absolute  resistance  of  certain  wire  coils  of 
about  '1  ohm.  These  have  been  compared  with  the  standards  of  the 
Association  by  the  Secretary.  An  account  of  these  experiments  is  con- 
tained in  Appendices  II.  and  III.  The  resistance  standards  of  the 
Association  have  been  compared  with  those  of  the  Board  of  Trade  by 
Mr.  Rennie  and  the  Secretary.  Details  of  this  comparison  will  be  found 
in  Appendix  IV.,  while  in  Appendix  V.  is  given,  by  Mr.  E.  O.  Walker, 
an  account  of  a  comparison  between  five  coils  belonging  to  the  Indian 
Crovernment,  which  have  been  for  twenty-four  years  in  India,  and  Dr. 
Muirhead's  standards.  Mr.  Fitzpatrick  has  continued  his  work  on  the 
specific  resistance  of  copper,  and  has  drawn  up  a  table  (see  Appendix 
VI.)  reducing  to  the  same  units  experimental  results  recently  obtained 
by  various  observers.  Appendix  VII.  contains  the  Final  Report  of  the 
Electrical  Standards  Committee  of  the  Board  of  Trade  and  the  Order  in 
Council  relating  to  Standards  for  Electrical  Measurement. 

In  consequence  of  the  difficulty  met  with  in  the  insulation  of  some  of 
the  coils,  it  was  thought  well  to  defer  the  purchase  of  other  coils  for 
which  the  grant  of  25Z.  was  obtained  last  year.  The  Committee  are  of 
opinion  that  it  is  desirable  to  complete  their  set  of  standards  by  obtaining 
from  Germany  certified  copies  of  the  standards  of  the  Reichsanstalt. 
They  recommend,  therefore,  that  they  be  reappointed,  with  the  addition 
of  the  name  of  Mr.  Rennie,  and  with  a  grant  of  25Z. ;  that  Professor  G. 
Carey  Foster  be  Chairman  and  Mr.  R.  T.  Glazebrook  Secretary. 

APPENDIX  I. 

Report  of  tJie  Action  of  the  International  Electrical  Congress  Jield  in 

Chicago,  August  1893,  in  tJie  Matter  of  Units  of  Electrical  Measure, 

Washington,  D.C.  :  Noveniber  6, 1893. 
The  Hon.  W.  Q.  Gresham,  Secretary  of  State,  Washington,  D.C. 

Sir, — ^The  undersigned,  having  been  designated  by  you  on  May  12, 
1893,  as  delegates  to  represent  the  United  States  in  the  International 

»  Mfport,  1893,  p.  129.  *  IHd.,  1892,  p.  134.  .  .  . 
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Electrical  Congress  to  be  held  in  August  at  Chicago,  beg  to  submit 
herewith  a  brief  report  showing  the  definitive  action  of  said  Congress  in 
the  matter  of  defining  and  naming  units  of  electrical  measure.  The 
consideration  of  this  important  subject  was  left  to  what  was  known  as 
the  *  Chamber  of  Delegates'  of  the  Congress,  consisting  only  of  those 
who  had  been  officially  commissioned  by  their  respective  Governments  to 
act  as  members  of  said  Chamber.  After  conference  and  correspondence 
with  the  leading  electricians  of  Europe,  it  had  been  agreed  that  the 
maximum  number  of  such  delegates  to  be  allowed  to  one  nation  should  be 
five,  and  this  number  was  allotted  to  the  United  States,  Great  Britain, 
Germany,  and  France.  Other  nations  were  allowed  three  or  two,  and  in 
some  instances  one. 

Delegates  present  and  taking  part  in  the  discussions  and  action  of  the 
Chamber  were  as  follows  : — 

Representing  the  United  Stdtes. 

Professor  H.  A.  Rowland,  Johns  Hopkins  University,  Baltimore,  Md. 
Dr.  T.  C.  Mendenhall,  Superintendent  of  U.S.  Coast  and  Geodetic 
Survey,  and  of  Standard  Weights  and  Measures,  Washington,  D.C. 
Professor  H.  S.  Carhart,  University  of  Michigan,  Ann  Arbor,  Mich. 
Professor  Elihu  Thomson,  Lynn,  Mass. 
Dr.  E.  L.  Nichols,  Cornell  University,  Ithaca,  N.Y. 

Representing  Great  Britain, 

W.  H.  Preece,  F.R.S.,  Engineer-in-Chief  and  Electrician,  Post  Office, 
England  ;  President  of  the  Institution  of  EUectrical  Engineers,  London. 

W.  E.  Ayrton,  City  and  Guilds  of  London  Central  Institution, 
Exhibition  Road,  London. 

Professor  Silvanus  P.  Thompson,  D.Sc,  F.R.S.,  Principal  of  the  City 
and  Guilds  Technical  College,  Finsbury,  London. 

Alex.  Siemens,  12  Queen  Anne's  Gate,  Westminster,  London,  S.W. 

Representing  France, 

E.  Mascart,  Membre  de  ITnstitut,  176  Rue  de  TUniversit^,  Paris. 

T.  Violle,  Professeur  au  Conservatoire  des  Arts  et  Metiers,  89  Boule- 
vard St.  Michel,  Paris. 

De  la  Touanne,  Telegraph  Engineer  of  the  French  Government, 
13  Rue  Soufflot,  Paris. 

Edouard  Hospitalier,  Professeur  k  rjfccole  de  Physique  et  de  Chimie 
industrielle  de  la  Ville  de  Paris ;  Vice-Prudent  de  la  Soci^t^  intemationale 
des  Electriciens,  6  Rue  de  Clichy,  Paris. 

Dr.  S.  Leduc,  5  Qnai  Fosse,  Nantes. 

Representing  Italy, 

Comm.  Galileo  Ferraris,  Professor  of  Technical  Physics  and  Electro- 
technics  in  the  R.  Museo  Industriale,  Turin,  Via  Yenti  Settembre  46. 

Representing  Germany, 

H.E.  Hermann  von  Helmholtz,  President  der  physikalisch-technischen 
Reichsanstalt,  Professor  a.  d.  Universitat,  Berlin,  Charlottenburg  bei 
Berlin. 

Dr.  Emil  Budde,  Berlin  N.W.  Klopstockstrasse  53. 
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.  A.  Schrader,  BegienmgEiratk,  Mitglied  des  kaiserl.  Patentamts,  Berlin. 

Dr.  Ernst  Yoit,  Professor  an  der  technischen  Hochschnle,  Miinchen, 
Schwanthalerstrasse  73-3. 

Dr.  Otto  LammeTy  Mitglied  der  physikalisch-technischen  Beichsanstalt, 
Charlottenbttzg,  Berlin. 

Jiepresentinff  Mexico. 
Augustin  W.  Chavez^  city  of  Mexico. 

Representing  Austria, 

Dr.  Johann  Sabolka,  Technische  Hochschule,  Wien. 

Representing  Switzerland, 

A.  Palaz,  Professeur,  Lausanne. 

Ken^  Thury,  Ing^nieur,  Florissant^  Geneve. 

Representing  Sweden. 
M.  Wennman,  Bjr&chef  i  Bougie  Telegrafstyrelsen,  Stockholm. 

Representing  British  North  Ameriea. 

Ormond  Higman,  Electrician,  Standards  Branch,  Inland  Revenue 
Department,  Ottawa. 

His  Excellency  Dr.  H.  von  Helmholtz  was  made  Honorary  President 
of  the  Congress ;  Dr.  Elisha  Gray,  of  Chicago,  was  Chairman  of  the 
General  Congress ;  and  Professor  H.  A.  Rowland,  of  Baltimore,  was 
President  of  the  Chamber  of  Delegates. 

Meetings  of  the  Chamber  continued  during  six  days,  at  the  end  of 
which  its  members  unanimously  agreed  in  the  adoption  of  the  following 
resolution : — 

Resolved,  That  the  several  Governments  represented  by  the  delegates 
of  this  International  Congress  of  Electricians  be,  and  they  are  hereby, 
recommended  to  formally  adopt  as  legal  units  of  electrical  measure  the 
following  :  As  a  unit  of  resistance,  the  international  ohm,  which  is  based 
apon  the  ohm  equal  to  10^  units  of  resistance  of  the  C.G.S.  system  of 
electro-magnetic  units,  and  is  represented  by  the  resistance  offered  to  an 
unvarying  electric  current  by  a  column  of  mercury  at  the  temperature  of 
melting  ice  14*4521  grammes  in  mass,  of  a  constant  cross-sectional  area 
and  of  the  length  of  106*3  cm. 

As  a  unit  of  current,  the  international  ampere,  which  is  one-tenth  of 
the  unit  of  current  of  the  C.G.S.  system  of  electro-magnetic  units,  and 
which  is  represented  sufficiently  well  for  practical  use  by  the  unvarying 
current  which,  when  passed  through  a  solution  of  nitrate  of  silver  in 
water,  and,  in  accordance  with  accompanying  specifications,^  deposits 
silver  at  the  rate  of  O'OOlllS  of  a  gramme  per  second. 

^  In  the  following  specification  the  term  silTer  voltameter  means  the  arrange- 
ment of  apparatns  by  means  of  which  an  electrio  current  is  paraed  through  a 
fiolntion  of  nitrate  of  silver  in  water.  The  silver  voltameter  measnres  the  total 
electrical  quantity  which  has  passed  during  the  time  of  the  experiment,  and  by 
noting  this  time  the  time  average  of  the  current,  or,  if  the  current  has  been  kept 
constant,  the  current  itself,  can  be  deduced. 

In  employing  the  silver  voltameter  to  measure  currents  of  about  one  ampere  the 
following  arrangements  should  be  adopted : — 

The  kathode  on  which  the  silver  is  to  be  deposited  should  take  the  form  of  a 
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As  a  unit  of  electro-motive  force,  the  inUmafSidna^'Mt^  which  is  the 
electro-motive  force  that,  steadily  applied  to  a  cdnductor  ^i^hose  resistance 
is  one  international  ohm,  will  produce  a  current*  df  One"- international 
ampere,  and  which  is  represented  suflBciently  well  for**^rai5tical  use  by 
tSSt  ®^  *^®  electro-motive  force  between  the  poles  or  efectrMes  of  the 
A'oltaic  cell  known  as  Clark's  cell,  at  a  temperature  of  15°  C,  and 
prepared  in  the  manner  described  in  the  accompanying  specification.^ 

As  a  unit  of  quantity,  the  international  cotUomh,  which  is  the  quantity 
of  electricity  transferred  by  a  current  of  one  international  ampere  in  one 
second. 

As  a  unit  of  capacity,  the  intemcUional  farady  which  is  the  capacity 
of  a  condenser  charged  to  a  potential  of  one  international  volt  by  one 
international  coulomb  of  electricity. 

As  a  unit  of  work,  the  jouU^  which  is  equal  to  10^  units  of  work 
in  the  C.G.S.  system,  and  which  is  represented  suflBciently  well  for 
practical  use  by  the  energy  expended  in  one  second  by  an  international 
ampere  in  an  international  ohm. 

As  a  unit  of  power,  the  watt^  which  is  equal  to  10^  units  of  power  in 
the  C.G.S.  system,  and  which  is  represented  sufficiently  well  for  practical 
use  by  the  work  done  at  the  rate  of  one  joule  per  second. 

As  the  unit  of  induction,  the  lienry,  which  is  the  induction  in  a 
circuit  when  the  electro-motive  force  induced  in  this  circuit  is  one  inter- 
national volt,  while  the  inducing  current  varies  at  the  rate  of  one  ampere 
per  second. 

The  Chamber  also  voted  that  it  was  not  wise  to  adopt  or  recommend 
a  standard  of  light  at  the  present  time. 

A  more  complete  report  of  the  operations  of  the  Chamber  will  shortly 
be  forwarded.  This  brief  r^sumS  of  its  definite  action  in  reference  to  the 
matter  of  units  is  now  submitted  to  facilitate  the  prompt  dissemination 
among  representatives  of  foreign  Governments  of  the  important  results  of 
a  congress  of  whose  success  and  fruitfulness  the  United  States  may  justly 
be  proud. 

H.  A.  Rowland.  Elihu  Thomson. 

T.  C.  Mbndbnhall.  E.  L.  Nichols. 

H.  S.  Carhabt. 

platinum  bowl  not  less  than  10  centimetres  in  diameter  and  from  4  to  6  centimetres 
in  depth. 

The  anode  should  be  a  plate  of  pure  silver  some  30  sq.  cm.  in  area  and  2  pr  3  mm. 
in  thickness. 

This  is  supported  horizontally  in  the  liquid  near  the  top  of  the  solution  by  a 
platinum  wire  passed  through  holes  in  the  plate  at  opposite  corners.  To  prevent 
the  disint^rated  silver  which  is  formed  on  the  anode  from  falling  on  to  the 
kathode,  the  anode  should  be  wrapped  round  with  pure  filter  paper,  secured  at  the 
back  with  sealing-wax. 

The  liquid  should  consist  of  a  neutral  solution  of  pure  silver  nitrate,  containing 
about  15  parts  by  weight  of  the  nitrate  to  85  parts  of  water. 

The  resistance  of  the  voltameter  changes  somewhat  as  the  current  passes.  To 
prevent  these  changes  having  too  great  an  effect  on  the  current,  some  resistance 
besides  that  of  the  voltameter  should  be  inserted  in  the  circuit.  The  total  metallic 
resistance  of  the  circuit  should  not  be  less  than  10  ohms. 

*  A  committee,  consisting  of  Messrs.  Helmholts,  Ayrton,  and  Carhart,  was  ap- 
pointed to  prepare  specifications  for  the  Clark's  celL  Their  report  has  not  yet  been 
received.  u 
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APPENDIX   11. 

On  a  Determination  of  the  International  Ohm  in  Absohtie  Measure.  By 
Professor  J.  V.  Jonbs,  F,Ii,S.,  Principal  of  the  Univereity  College  of 
South  Wales  and  MonTnoutJishire,  Cardiff. 

The  apparatus  for  the  absolute  measurement  of  electrical  resistance 
in  my  laboratory  at  CardifT  was  completed  in  1890,  and  I  first  used  it 
for  the  determination  of  the  specific  resistance  of  mercury  in  absolute 
measure.^  This  determination  was  made  by  direct  measurement  on  a 
mercury  column  contained  in  a  trough  of  paraffin  wax.  The  results  of 
five  complete  sets  of  observations  were  as  follows  : — 

94103 
94074 
94093 
•  94045 
94021 

The  mean  of  these  is  94067  ;  and  the  extreme  variation  from  the 
mean  is  46,  or  about  four  parts  in  10,000. 

I  suspected  that  much  of  the  variation  was  due  to  the  paraffin  trough^ 
the  temperature  of  which  varied  slightly  (about  half  a  degree)  during 
the  observations,  and  was  not  accurately  measurable  owing  to  the  low 
conductivity  of  the  material.  With  variation  of  temperature  there  was 
variation  of  breadth,  and  the  breadth  of  the  trough  entered  as  a  primary 
factor  into  the  calculation  of  the  specific  resistance. 

When  I  proceeded  to  use  the  apparatus  for  the  measurement  of  low- 
resistance  standards  of  solid  metal  this  was  conclusively  shown  to  be  the 
case.  I  brought  a  set  of  measurements  made  on  such  a  standard  under 
the  attention  of  the  Section  last  year  at  Nottingham,  in  which  the  extreme 
variation  from  the  mean  was  only  about  one  part  in  12,000. 

This  may  be  taken  to  be  the  normal  performance  of  the  apparatus  ;  and 
seeing  that  it  is  an  instrument  of  such  precision,  it  seemed  to  me  of 
interest  to  determine  by  the  use  of  solid  metal  standards  the  relation 
between  its  indications  and  the  results  obtained  by  other  observers  for  the 
value  of  the  ohm. 

With  this  end  in  view  I  obtained  four  coils  from  Messrs.  Nalder 
Brothers — two  platinum-silver  ten-ohm  coils  and  two  manganine  tenth- 
ohm  coi)s.  Mr.  Glazebrook  has  measured  them  in  terms  of  the  inter- 
national ohm  ;  and  I  am  much  indebted  to  him  for  the  pains  he  has  been 
kind  enough  to  take  in  making  the  determination.  The  following  table 
gives  their  resistances  and  temperature  coefficients  : — 


Coil  Number 

(GUxebrook) 

TempermtQTv  Coefficients 
(Nalder) 

3878 
3874 
4274 
4276 

9-9919  at  14°-8  C. 
9-9926  at  14o-9  C. 

•100050  at  15^-2  C. 

•100058  at  16«-2  C. 

•000300 
•000276 
•000013 
•000013 

These  coils  were  arranged  in  manner  similar  to  that  adopted  by  Lord 
»  Phil.  Tram.,  1891,  A. 
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Rayleigli  in  his  determination  of  the  ohm  by  the  method  of  Lorenz  (see 

fig.i). 

If  there  is  no  current  through  the  galvanometer,  there  is  equality 
between  the  E.M.F.  due  to  the  rotation  of  the  disc  in  the  field  of  the 
standard  coil  and  the  E.M.F.  due  to  the  current  through  R4 ;  and  we 

Fig.  1. 


B„  By  lO-ohm  coils. 
By  B4,   'l-ohm  coils. 

B,  Battery. 

G,  Galvanometer. 

B,  Botatlng  disc. 
K  K,  Standard  coil.  ' 

have,  if  R^,  Rj*  I^3»  ^a  ^-^  *^®  values  of  the  four  resistance  coils  in 
international  ohms,  and  if  a;  is  the  value  of  the  international  ohm  in 
absolute  measure, 

Rl  +  R2  +  -^3  +  ^4 

where  M=the  coefficient  of  mutual  induction  of  the  standard  coil  and 
the  circumference  of  the  disc,  and  n=the  rate  of  rotation  of  the  disc. 

The  resistance  coils  are  of  B.A.  pattern.  They  were  immersed  in 
water,  and  the  temperatures  of  thermometers  within  the  coil  frames  were 
i^ead  before  and  after  each  observation.  A  wooden  box  surrounded  the 
four  cans  containing  the  coils. 

The  method  of  making  the  observations  waa  the  same  as  that  described 
in  the  paper  I  read  before  the  Section  last  year  (vide  Electrical  Standaixls 
Committee  Report,  1893). 

The  results  are  as  follows,  the  figure  in  each  case  giving  the  value  of 
the  international  ohm  in  true  ohms. 

July  7. — Standard  coil  carefully  adjusted.     Three-minute  tapes. 

•999703 

•999761 

'999807 
Mean  .  -999767 
Jutt/  9. — No  readjustment  of  standard  coil.     One-minute  tapes. 

•999767 

•999711 

•999683 

•999782 
Mean  •999733 
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Jxdy  10,  Morning. — Standard  coil  readjusted.     One-minute  tapes 

•9W734 
-999818 
'990726 


Mean       •        -999759 

Jxdy  10,  Afternoon. — No  readjustment  of  standard  coil.   Three-minute 
tapes. 

•999708 
•999742 
•999764 

Mean  -999738 

JvXy  11,  Afternoon. — Standard  coil  readjusted.    Three-minute  tapes. 

•999693 
•999692 
•999679 


Mean  -999688 

July  12,  Morning.— No  readjustment  of  standard  coil.     Resistance 
coils  reversed. 

•999713 
•999711 
•999692 


Mean  -999705 

Jrdy  12,  Afternoon. — Standard  coil  readjusted.     Resistance  coils  re 
moved  from  the  mercury  cups  and  replaced.     Three-minute  tapes. 

•999774 
•999787 
•999759 


Mean  -999773 

Jvly  13.-— Standard  coil  readjusted.     Resistance  coils  removed  from 
mercury  cups  and  replaced.    Three-minute  tapes. 

•999847 
•999809 
•999782 
•999842  (momiog  of  the  14th) 

Mean  *ll99820 

July  14,  Morning. — Standard  coil  readjusted.     Resistance  coils   re- 
moved and  replaced.     Three-minute  tapes. 

•999695 
•999692 
•999717 


Mean  ^999701 


July  14,  Afternoon. — Standard  coil  readjusted.     Resistance  coils  re- 
moved and  replaced.    Three-minute  tapes. 


•999853 
•999866 
•999875 

Mean       .       -999865 
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It  is  clear  that  in  the  above  series  the  chief  variations  are  duo  to 
changes  consequent  on  readjustment  of  the  standard  coil,  and  the  re- 
moval and  replacement  of  the  resistance  coils  in  their  mercury  cups. 
Counting  as  independent  only  those  of  the  observations  before  which 
there  was  readjustment  of  the  standard  coil  or  removal  of  the  resistance 
coils  from  the  mercury  cups,  the  general  nfean  is 

•90976. 

The  maximum  variation  from  the  mean  is  '000106,  or  about  one  part 
in  10,000. 

w^suming  that  the  international  ohm  is  the  resistance  of  a  column 
of  mercury  at  0^  of  1  sq.  mm.  sectional  area,  and  106*30  cm.  long,  we 
have  as  a  result  of  the  above  measurement  that  the  true  ohm  is  the 
resistance  of  a  column  of  mercury  of  the  same  sectional  area  and 
106-326  cm.  long. 

The  figure  I  arrived  at  in  1890,  working  direct  on  mercury,  was 
106-307,  with  a  probable  error  of  4; -Oil.  The  new  result  is  therefore 
a  little  larger  Uian  I  was  prepared  for.  The  accuracy  of  the  result 
depends  primarily  on — 

(i)  The  accuracy  with  which  the  resistance  coils  are  known  in  terms 
of  the  international  ohm. 

(ii)  The  accuracy  with  which  their  temperatures  are  known  at  the 
times  of  observation. 

(iii)  The  accuracy  with  which  the  coefficient  of  mutual  induction  of 
the  coil  and  disc  has  been  determined. 

Upon  the  first  point  I  can  say  little.  Mr.  Glazebrook  knows  better 
than  anyone  to  what  figure  the  values  of  the  resistances  may  be 
relied  on. 

The  effect  of  error  in  estimation  of  the  temperatures  of  the  coils  can 
be  but  slight.  The  observations  have  been  made  in  two  ways,  viz.,  with 
one-minute  tapes,  the  current  being  put  on  only  during  the  time  of  ob- 
servation, and  with  three-minute  tapes,  the  current  being  kept  on  con- 
tinuously, whether  observations  were  being  made  or  not.  During  the 
last  few  days  of  the  observations  the  current  was  kept  passing  through 
the  coils  night  and  day.  I  have  calculated  the  effect  that  would  be 
produced  on  the  result  obtained  with  one-minute  tapes  if  all  the  heat 
generated  by  the  current  were  to  remain  in  the  coils — an  extreme  case, 
obviously  less  favourable  than  the  actual  conditions.  It  is  something 
less  than  two  parts  in  100,000.  The  smallness  of  the  effect  Ls  due  to  the 
fact  that  if  y  is  the  main  current,  a  current  equal  to  |S^  y  passes  through 
the  tenth-ohm  manganine  coil  with  its  small  temperature  coefficient,  and 
only^i^  y  through  the  platinum-silver  coils;  while  the  effect  of  under- 
estimating the  temperature  of  the  manganine  tenth-ohm  coil  is  to  produce 
an  error  in  the  result  opposite  in  sign  to  that  produced  by  underesti- 
mating the  temperature  of  the  platinum -silver  coils. 

There  cannot,  tlien,  in  the  case  of  the  one-minute  tape  observations  l)e 
an  appreciable  error  due  to  underestimation  of  the  temperature.  But 
the  first  four  sets  of  'observations  show  that  the  results  of  the  one-minute 
tape  observations  and  the  three-minute  tape  observations  are  practically 
the  same.  Hence  it  follows  that  to  the  degree  of  accuracy  aimed  at 
our  results  are  unaffected  by  error  due  to  underestimation  of  the 
temperature. 


Digitized  by  VjOOQIC 


ON  STANDARDS  FOR  USE  IN  ELECTRICAL  MEASDREMENTS. 


127 


It  remaing  to  consider  the  accuracy  with  which  the  coefficient  of 
mutual  induction  of  the  coil  and  disc  is  known. 

To  calculate  this  coefficient  we  must  know  the  radius  of  the  disc  and 
the  mean  radius  of  the  coil.  The  circumference  of  the  disc  is  a  suf- 
ficiently true  circle,  the  disc  having  been  ground  true  in  place.  The 
measurement  of'  its  diameter  presented  no  difficulty.  It  was  determined 
on  my  Whitworth  measuring  machine  to  the  ten-thousandth  of  an  inch. 

The  mean  radius  of  the  coil  cannot  be  determined  with  the  same 
accuracy ;  but  I  believe  that  it  is  known  to  the  thousandth  of  an  inch. 
The  coil  consists  of  a  single  layer  of  silk-covered  wire  wound  in  a  screw 
thread  cut  on  a  brass  frame.  It  was  measured  along  eighteen  diameters 
in  the  Whitworth  machine  with  the  following  results  : — 


Diameter 

MenBorement 

0«-180« 

21-0898 

10-190 

21-0929 

20-200 

210961 

30L.210 

210933 

40-220 

210960 

60-230 

21-0998 

60-240 

211017 

70-260 

21-1026 

80-260 

211044 

Max. 

211066 

Min., 

210898 

Diameter 

Meaaorement 

90«-270O 

211038 

100-280 

211066 

110-290 

211041 

120-300 

211014 

130-310 

210979 

140-320 

21-0945 

160-330 

210924 

160-340 

21-0900 

170-360 

210910 

Mean 

21-09767 

«»17°C. 

•0168 

These  measures  clearly  show  that  the  coil  is  elliptical  in  section,  the 
difference  between  the  major  and  minor  axes  being  about  -008  inch,  or 
about  one  part  in  1,300. 

In  considering  the  possible  effect  of  this  ellipticity  on  the  result,  it 
must  be  borne  in  mind  that  the  formula  B=Mn  implies  that  the  coil  is 
circular.     The  true  formula  is 


R=:2irn  r\ 


aUda 


where  Oq  and  a|  are  the  distances  from  the  centre  of  the  disc  at  which 
the  internal  and  external  brushes  are  applied,  and  H  is  the  magnetic  force 
at  a  distance  a  from  the  centre  when  unit  current  is  passing  through  the 
coiL 

This  is  an  unpleasant  integral  for  an  elliptical  coil,  and  it  has  not  yet 
yielded  to  persuasion.  It  is,  however,  satisfactory  to  note  that  as  in  my 
apparatus  the  brush  radius  makes  but  a  small  angle  with  the  minor  axis 
(about  15"),  I  am,  in  so  far  as  the  ellipticity  of  the  coil  affects  matters  at 
all,  underestimating  the  integral,  and  hence  underestimating  the  inter- 
national ohm.  Any  correction  for  ellipticity  hereafter  calculated  will 
make  the  value  of  the  international  ohm  deduced  from  my  observations 
nearer  to  and  not  further  from  the  true  ohm. 

It  is  further  to  be  noticed  that  the  formula  R:=:Mn  applies  only  if 
there  is  exact  coincidence  of  the  axes  of  the  disc  and  coil.  It  has  been 
customary  to  consider  the  adjustment  for  centre  as  of  secondary  import- 
ance in  Lorenz's  method.  It  would  be  so  if  the  formula  RssMn  were 
applicable  when  the  centres  of  coil  and  disc  do  not  coincide,  for  a  slight 
displacement  only  affects  the  coefficient  of  mutual  induction  to  a  secondary 
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degree.     Bat  we  are  not  concerned  with  the  coefficient  of  mutual  induc- 
tion in  this  case.     We  are  concerned  with  another  integral,  viz., 


and  the  adjustment  for  centre  is  in  truth  of  primary  importance.  Special 
attention  should  therefore  be  paid  to  this  in  designing  apparatus  for  the 
absolute  measurement  of  resistance  by  this  method. 

One  other  point  remains  to  be  noticed  in  this  connection,  viz.,  the  pos- 
sible effect  of  the  difference  of  the  temperature  of  the  coil  and  disc  when 
measured  and  when  in  use.  On  calculating  the  correction  to  be  applied 
for  this  cause  I  find  it  negligible. 

Again,  I  would  say,  as  I  said  last  year,  that  the  chief  value  of  these 
observations  consists  in  the  proof  they  afford  of  the  precision  with  which 
the  absolute  measurement  of  resistance  may  be  made  by  this  method.  A 
well-constructed  apparatus  of  the  kind  in  a  national  laboratory — say  the 
Laboratory  of  the  Board  of  Trade — will,  I  believe,  prove  to  be  the  best 
ultimate  standard  of  electrical  resistance. 


APPENDIX   III. 


Comparison  o/tlie  Standard  Coils  used  hy  Professor  Jones  with 
the  Standards  of  the  Association.     By  R.  T.  Glazbbrook. 

The  tenth-ohm  standards  of  manganin  wire  whose  value  in  absolute 
measure  was  determined  by  Professor  Jones  by  means  of  the  experiments 
described  in  Appendix  II.  were  compared  with  the  standards  of  the 
Association  in  the  following  manner.  A  Wheatstone's  bridge  was  formed 
in  which  tlie  arms  were  the  tenth- ohm  to  be  tested,  two  single- ohm  coils 
and  a  ten-ohm  coil ;  if  the  coils  had  these  values  exactly,  there,  would  of 
course  always  have  been  a  balance ;  since,  however,  the  coils  were  not 
accurately  correct,  there  was  usually  a  small  current  through  the  galva- 
nometer ;  the  balance,  however,  could  be  obtained  by  placing  a  large  re- 
sistance as  a  shunt  either  to  one  of  the  one-ohm  coils  or  to  the  ten-ohm 
coil :  this  resistance,  which  varied  from  10,000  to  20,000  ohms,  was  taken 
from  a  good  box  of  coils.  The  resistance  of  the  ten-ohm  and  of  the  two  one- 
ohm  coils  being  known,  that  of  the  tenth-ohm  coil  could  readily  be  found. 

The  four  coils  dipped  into  four  mercury  cups  cut  in  an  ebonite  block  ; 
the  bottoms  of  these  cups  were  copper  pieces  some  3  to  4  mm.  thick. 

Binding  screws  screwed  into  these  copper  pieces  and  rising  above 
the  mercury  served  to  connect  the  bridge  to  the  galvanometer  and  the 
battery. 

The  mercury  cups  were  somewhat  large— about  2*5  cm.  in  diameter — 
and  it  was  found  on  Jfinuary  16  that  distinct  differences  could  be  observed 
by  moving  the  tenth -ohm  coils  slightly  so  as  to  bring  their  terminals 
either  close  to  or  as  far  as  possible  from  the  feet  of  the  one-ohm  coils 
which  dipped  into  the  same  cups.  After  this  date  then  two  sets  of 
measurements  were  made  for  each  coil  at  each  observation :  in  the  one 
the  terminals  of  the  coils  in  any  cup  were  put  as  close  together  as  possible, 
in  the  other  the  term  inals  of  the  tenth -ohm  coils  were  placed  at  some  distance 
from  those  of  the  other  coil  in  the  same  cup. 

Both  sets  of  values  are  given  in  the  table  as  a  means  of  showing  the 
delicacy  of  the  observations  and  the  error  arising  from  this  cause.    The 
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tenth-ohm  coils  were  weighted  so  as  to  press  firmly  on  to  the  copper 
bottoms.  No  variation  was  produced  by  shifting  the  ten-ohm  coil  in 
its  cup. 

One  or  two  Leclanch^  cells  were  used  in  the  various  experiments  :  the 
coiU  were  in  water-baths  and  the  temperatures  read  by  a  standardised 
Kew  thermometer. 

The  standard  coils  used  were— 

Elliott  264«  1  + -000312  («- 15-45). 
Nalder3715=r  1  f  000260  («- 14-95). 
Elliott     289 =10  +  -002600  {t  - 15-40). 

The  results  of  the  experiments  are  given  in  the  following  table. 

In  the  results  of  the  experiments  made  after  January  15  the  two 
values  given  correspond  to  the  two  positions  of  the  coil  in  the  mercury 
cup.  They  are  included  to  show  the  magnitude  of  the  error,  which  may 
be  due  to  the  resistance  of  the  copper  bottoms  of  the  cup. 

Tables  giving  Values  of  Nalder  No,  4274  ^^  No.  389  in  terms  of  the  Ohm 
Standards  of  tlie  Association, 


Date 

Temperature 

Value  of  resistance 

1  December  29.  1893  . 

14% 

•100062 

January  IH,  1894 

16-2 

•100051 

M       ir».    .. 

14-8 

•100056 

.,        10.     „ 

15-5 

•1000r>l               -lOOOSft 

M        17.     „ 

16-4 

•100049              •  100068 

,•        27.     „ 

16-9 

•100057              -100066 

Febraary  20,  ,. 

141            H 

•100036              -100041 

March  17, 

141 
15-2 

•100045              -100046 

Mean      . 

•100050              -100064 

Values  ofNMer  4275  '^  390. 

Date 

Temperature 

Value  of  re^i stance 

December  -Ji>.  1893 

i4^a 

-100069 

January  hS,  1894 

15 

-100063 

M        15.     „ 

15 

•100068 

1«.     „ 

158 

•100055               100061 

«        17,     „ 

16-4 

•100051               -100059 

1         ..       27,     ., 

166 

•100068                100065 

1  February  20.  ,. 

141 

•100043               •100047 

j  March  17.        ., 

13-8 
15-2 

•100051               •lOOOSl 

Mean 

•100063               100057 

Thus,  the  values  of  the  coils  at  15^-2  are  respectively  for 

^  389    .        .     -100050  ohm, 
and  for 

^  390    .        .     ^100053  ohm, 

while  in  each  case  the  resistance  introduced  by  placing  the  contact  pieces 
of  the  tenth  ohm  coils  at  some  distance  from  those  of  the  other  coils  ifl 
•000004  ohm 
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APPENDIX  IV. 

Comparison  of  certain  Ohm-Standards  of  the  Board  of  Trade. 
By  J.  Rennie. 

In  the  accompanying  table  are  given  the  results  of  comparisons  which 
were  made  on  May  29  and  30, 1894,  at  the  Cavendish  Laboratory,  between 
the  three  unit  coils  : — 

Elliott's  No.  261, 

Elliott's  No.  263, 

Nalder^sNo.  3876, 

belonging  to  the  Electrical  Department  of  the  Board  of  Trade,  and  the 
B.A.  standards.  Flat,  P,  G,  and  H. 

The  bridge  was  of  the  Carey  Foster  pattern,  constructed  for  the 
Department  by  Nalder  Bros,  and  Co.,  and  the  slide  wire  used  was  the 
one  marked  B,  having  a  value  of  •000,050,9  ohm  per  division. 

A  100-ohm  coil,  Elliott's  No.  291,  was  placed  in  parallel  with  the 
Board  of  Trade  coil  for  each  comparison,  this  being  effected  by  a  large 
mercury-in-paraffin  bath. 

Temperatures  were  measured  by  a  mercury-in-glass  thermometer,  which 
had  been  standardised  at  Kew. 


B.A.  Coil 

Temp,  of 
B.A.  Coil 

Temp,  of  B. 
off.  Coil 

Observed  Value 

Chart*  alaeV 

Difference, 
Chart  observed 

No.  261  Coll. 

Flat 
F    . 
G    . 

12-64 
12-53 
12-90 

12-58 
12-45 
12-97 

-999156 
-999064 
•999217 

No.  263  Coil. 

•999142 
•999106 
•999262 

-•000014 
+  000042 
+  •000045 

Flat 
F   . 
G    . 
H  .        . 

12-50 
12-60 
12-80 
12-85 

12-53 
12-48 
12-98 
1308 

•999136 
•999074 
•999217 
•999299 

No.  3876  Coil. 

•999140 
•999124 
•999271 
•999304 

+  000004 
+  •000060 
+  000064 
+  •000005 

Flat       . 
F    . 
G   . 
H  . 

12-60 
12-60 
12-70 
12-40 

12-45 
12-36 
12-23 
12-30 

-998808 
-998727 
-998697 
-998768 

•99879 
•99876 
•99874 
•99876 

-•000018 
+  •000049 
+  •000043 
-000008 

*  The  chart  referred  to,  for  No.  261  and  No.  263  coils,  is  one  sapplied  for  these 
coils  by  Mr.  Glazebrook,  and  is  dated  March  1892.  The  chart  referred  to  la  the  case 
of  No.  3876  was  constructed  from  comparisons  made  by  Nalder  Brothers  between  it 
and  their  *  master  coil,*  No.  3717.  The  coils  Nos.  263  and  261  were  compared  on 
May  29, 1894,  before  beginning  the  above-mentioned  series  of  comparisons.  They 
were  foond  exactly  equal,  when  the  temperatures  were— No.  263,  12^-65  0. ; 
No.  261, 12^-62  C.  The  chart  values  at  these  temperatures  aie--No.  263,  0*999175 ; 
No.  261,  0-999156 ;  showing  a  difference  of  19  x  10~*  ohms.  The  corresponding  dif- 
ferences deduced  from  the  above  table  are— from  Flat,  18xlO~*  ohms;  from 
F,  8  X  10-*  ohms ;  from  G,  9  x  10"^  ohms.  The  comparison  No.  261— H  is  omitted,  as 
the  difference  obtained  was  obviously  much  too  laige,  and  must  have  been  caused 
by  some  undetected  interference.  It  is  evident  from  the  eleven  results  given  in  the 
table  that  the  difference  between  the  coils  Nos.  263  and  261  as  deduced  from 
comparison  with  H  must  be  something  like  10  x  10  ~*  ohms.  [Note  added  October  6» 
1894.] 
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APPENDIX  V. 

Tabu  showing  Values  of  Jive  Standard  Coils  B,A.  Units  belonging  to  the 
Indian  Government  as  compared  with  Dr.  Muirhea^s  Standard  at  his 
Laboratory.  By  IE,  O.  Walker,  C.I.K,  M.LE.B.,  Late  Superin- 
tendent in  the  Government  Telegraph  Department  in  India. 

Standard  used,  No.  78,  marked  right  at  15^*7  C,  taken  as  correct. 
This  standard,  tested  April  27,  1893,  against  a  No.  68  Glazebrook,  gave  a 

ratio  -r^^  of  1-00015  at  IG*'  C,  and  1-00018  at  15«'-4  C 
standard 

Temperature  of  water,  20''-2  C. 


Number 

Marked  right  at        |            DifTerence 

Correct  at 

106 
108 
110 
111 
114 

150-1 C. 

16°-3  C. 
15°-3  C. 

150-5  C. 
150-1 C. 

+  -023  per  cent. 
+  •126        „ 
-•028        „ 
+  •055        „ 
+  •004        „ 

140-0  C. 

110-7  C. 
160'6  C. 

1309  c. 
150-6  C. 

Apparatus  used,  one  metre  bridge  of  platinum-iridium  wire  with  a  sup- 
plementary coil  at  each  end  of  20,012  millimetres.  Suspended  coil  galvano- 
meter, resistance  15  ohms  (Muirhead  and  Co.'s).  Trough,  45  x  7^  x  5  inches  ; 
depth  of  water  2|  inches ;  quantity  of  water,  6|  gallons ;  battery  used, 
1  Hellesen's  D17  Cell,  No.  3  ;  E.M.F.,  1-4  volt. 

The  interest  attaching  to  these  tests  lies  especially  in  the  fact  that  the 
standard  coils  have  been  exposed  to  the  climate  of  Calcutta  for  twenty- 
four  years.  They  were  made,  I  understand,  by  Dr.  A.  Muirhead  when  in 
Dr.  Matthiessen's  laboratory,  under  the  supervision  of  the  latter. 

In  r^ucing  the  observations  from  20o*2  to  t^e  temperatures  given,  it 
has  been  assumed  that  all  the  coils  have  the  same  temperature  coefficient. 


APPENDIX  VI. 

On  tJie  Specific  Resistance  of  Copper  and  of  Silver. 
By  Rev.  T.  C.  Fitzpatrick. 

As  lately  several  observers  have  published  the  results  of  measure- 
ments made  on  the  specific  resistance  of  copper,  it  may  be  worth  while  to 
collect  these  results  together  in  tabular  form. 

The  resistances  of  metals  may  be  expressed  in  terms  of  equal  weight  or 
of  equal  volume  ;  that  is,  as  the  resistance  of  a  wire  of  the  given  material 
such  that  one  metre  of  it  weighs  one  gramme,  or  as  the  resistance  between 
opposite  faces  of  a  cube  of  the  material  each  face  of  which  is  one  square 
centimetre.  I  have  pointed  out  that  Matthiessen  ^  considered  the  first  as 
the  most  satisfactory  mode  of  expressing  resistances,  and  for  these  results 
alone  did  he  make  all  the  actual  experiments ;  the  results  for  specific 
resistances  were  calculated  from  these  with  the  help  of  specific  gravity 
values  obtained  in  many  cases  from  tables,  and  not  determined  directly 
for  the  wires  used. 


•  S.A.  Report,  1890,  p.  129. 
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Only  in  cases  where  considerable  masses  of  the  material  are  used 
can  the  specific  gravity,  and  from  this  the  cross-section  of  the  wires,  be 
accurately  determined.  There  is,  therefore,  an  evident  advantage  in 
expressing  results  in  terms  of  weight,  as  then  the  determination  of  the 
cross-section  of  the  wires  becomes  unnecessary,  and  there  is  no  reason 
why  an  accuracy  of  one  in  two  or  three  thousand  should  not  be  attained. 

Again,  it  is  found  that  different  samples  of  copper  have  different 
densities,  according  to  the  method  by  which  they  have  been  prepared  ;  in 
a  table  ^  which  I  published  on  a  previous  occasion  the  variation  is  from 
3-86  to  8-95.     Mr.  Swan  >  gives  a  value  as  high  as  8-9587. 

From  samples  of  copper  of  the  same  quality  I  have  had  wires  drawn 
which  differed  in  density  ;  it  was  always  found  that  the  denser  the  copper 
the  less  is  its  resistance,  and  the  difference  affects  much  more  the  results 
expressed  as  specific  resistances  than  when  expressed  as  the  resistance  for 
a  gramme  per  metre. 

This  is  another  reason  for  expressing  the  results  in  these  terms,  at  least 
as  well  as  specific  resistances,  and  for  actual  practical  purposes  it  is  a 
question  of  weight  rather  than  volume. 

In  the  following  tables  the  results  are  given  for  a  temperature  of 
18''  C.  in  C.G.S.  units  :— 

Tablb  a. — ffard'draton  Copper  Wires. 


Kwistance  of  wife  such  that  the 

Specific  retistance  per 

Observer 

metre  weighs  one  gramme 

cubic  centimetre 

1550  X  10» 

1743 

Matthieaaen' 

1720 

8wan  and  Rhodin  * 

1550 

1726 

Fitzpatrick* 

1527 

1708 

(copper  sup- 
plied by  Messrs.  Bolton) 

Table  B. — Annealed  Wires, 


Resistance  of  wire  such  that  the 
1      -    metre  weighs  one  gramme 

Specific  reaistonce  per 
cubic  centimetre 

Obaerver 

1                       1516  X 10* 

1 

1                     1488 
1488 

1704 
1681 
1680 
1665 

Matthiessen' 
Fleming  and  Dewar  • 
Swan  and  Bhodin  * 
Fitzpatrick  »  (copper  sup- 
plied by  Messrs.  Bolton) 
(Wire  sent  by  Mr.  Swan) 

From  Table  A  it  will  be  seen  that  Messrs.  Swan  and  Rhodin  obtained  a 
value  rather  lower  than  that  which  I  got  for  copper,  prepared  by  myself, 
and  which,  expressed  as  the  resistance  of  a  wire  one  metre  long  weigh- 
ing one  gramme,  is  identical  with  the  value  that  Matthiessen  obtained  ;  but 
the  resistance  of  all  these  specimens  is  distinctly  greater  than  that  of  the 
copper  kindly  sent  me  by  Messrs.  Bolton — which  seems  to  bear  out  the 


'  B.J.  jRejJort,  1890,  p.  126. 

«  B.A.  lUport,  1864. 

»  Ji.A,  Re^vrt,  1890,  p.  125 


•  Nature,  vol.  1.  p,  165. 

•  ^ature,  vol.  1.  p.  166. 

•  Fkil  Mag ,  vol.  zxxvi.  p.  287. 
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statement,  which  I  Lave  previonslj  made,  that  it  is  impossible  to  prepare 
wires  on  die  small  scale  which  are  of  the  same  quality,  i.e.,  probably  due 
to  density,  as  the  best  specimens  specially  prepared  by  large  manufacturers. 

In  Table  B  are  given  the  results  of  measurements  on  three  specimens 
of  copper  prepared  by  Mr.  Swan :  one  was  given  to  Profs.  Dewar  and 
Fleming ;  a  second  was  examined  by  Mr.  Swan  himself,  and  a  third 
specimen  he  kindly  sent  to  me ;  the  quality  of  the  copper  in  the  three 
cases  may  therefore  be  expected  to  be  the  same. 

The  results  of  Profs.  Dewar  and  Fleming  and  Messrs.  Swan  and 
Rhodin  are  expressed  only  as  specific  resistances,  whilst  the  result  of  my 
measurement  is  only  given  for  a  wire  one  metre  long  weighing  one  gramme. 
The  weight  of  the  copper  wire,  as  measured,  was  only  three  grammes,  and 
that  does  not  allow  the  accurate  determination  of  the  specific  gravity  of  the 
sample.  The  value  I  obtain  for  its  resistance  is  identical  with  that  for  the 
sample  of  annealed  copper  wire  sent  me  by  Messrs.  Bolton. 

If  it  be  considered  to  have  the  same  specific  gravity  as  that  sample 
(8-94)  its  specific  resistance  in  C.G.S.  units  is  1665 ;  a  value  distinctly 
smaller  than  that  obtained  by  Messrs.  Swan  and  Rhodin,  whose  result  is 
practically  identical  with  that  of  Profii.  Dewar  and  Fleming. 

Not  only  may  wires  drawn  from  the  same  specimen  of  copper  have 
different  densities  and  different  resistances,  but  the  variation  of  that 
resistance  with  change  of  temperature  may  be  also  different. 

In  the  following  table  are  given  the  temperature  coefficients  of  various 
specimens  of  copper  : — 


Bo 

a 

Obaeryar 



•00387 

Mattbie8sen.> 

1561 

•0042S 

Dewar  and  Fleming.* 

1603* 

•00408 

Swan  and  Rhodin.* 

1563 

•00417 

— 

1592* 

•00406 

Fitzpatrick. 

— 

•00406 

Kennedy  and  Fessenden.* 

— 

•00364 

Benoit.* 

♦  Hard-drawn  wires. 

Influence  of  Annealing. — As  is  well  known,  annealed  wires  have  a 
less  resistance  than  hard-drawn  wires,  but  the  variation  of  resistance 
according  as  the  wires  are  annealed  or  hard-drawn  differs  considerably 
for  different  materials.  For  silver  it  is  as  much  as  10  per  cent.,  whereas 
for  copper  it  is  less  than  3  per  cent. 

I  have  made  observations  from  time  to  time  on  the  resistance  value 
of  specimens  of  hard-drawn  copper  wire,  all  pieces  of  the  same  coil,  which 
were  sent  me  in  1889  by  Messrs.  Bolton  and  Son.  From  the  results  of 
these  measurements  it  will  be  seen  that  a  hard-drawn  wire  seems  to  fall 
in  resistance  with  lapse  of  time.  The  coil  of  wire  has  been  left  hanging 
in  the  laboratory,  and  has  not  been  treated  with  any  special  care. 

»  B.A.  RepeH,  1864.  *  PkU,  Mag.,  vol.  xxxvi.  p.  287. 

•  yaturey  vol.  1.  p.  165.  *  Eleetrieity,  vol.  v.  p.  165. 

*  Otmptet  Hendui,  Izxvl.  p.  345. 
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D»te 

Temperature 

Bflnstaoce  of  wire  1  metre  loug 
weighing  1  gramme 

July  1890      .        .        .        . 

AogaBt  26, 1891     . 

)iaiGh7,1892 

January  1894 

July  1894       .        .        .        . 

180 
18^ 
18^ 
18^ 

1528  X 10* 

1625 

1622 

]520 

1519 

The  fall  in  resistance  is  small,  and  for  the  period  of  nearly  five  years 
does  not  amount  to  more  than  ^  per  cent. 

I  have,  for  the  sake  of  comparison,  made  a  measurement  of  the  resist- 
ance of  a  specimen  of  annealed  copper  wire  sent  me  by  the  same  firm,  and 
for  this  the  resistance  value  is  identical  with  that  obtained  at  a  previous 
date  : — 


Date 

Temperature 

Reebtauce  of  wire  1  metre 
long  weighing  1  gramme 

October  1889 

July  1894       .        .        .        . 

18° 
18° 

1488  X 10* 
1487-8 

This,  on  the  whole,  is  what  one  would  expect.  In  the  case  of  wires  of 
other  material  the  change  would  probably  be  greater,  as  the  difierenoe  in 
resistance  between  annealed  and  hard-drawn  copper  wires  is  less  than  that 
for  wires  of  other  materials. 

In  my  previous  communication  a  method  ^  of  annealing  was  described 
which  gave  satisfactory  results.  The  wire  was  packed  in  asbestos  and  fine 
carbon  in  a  copper  vessel  and  heated  for  twenty-four  hours.  The  follow- 
ing results  amongst  others  were  obtained  : — 


Hard-drawn  18° 
1627x10* 
1526 

Matthiessen's  values  are  : — 
1550 


Annealed  18^ 
14«9 
1488 


1516 


Difference 
89 
38 


34 


Messrs.  Swan  and  Bhodin  give  for  the  values  of  the  specific  resist- 
ance : — 

Herd-drawn  18°  Annealed  \S^  Difference 

1720  1680  40 

I  have  recently  been  annealing  copper  wires  by  heating  them  in 
boiling  paraffin  (220°);  and  after  slow  cooling  the  wires  seem  to  be 
completely  annealed : — 


Hard-drawn  18° 
1526 


Annealed  18° 
1486 


Difference 
40 


A  wire  sent  me  as  annealed  gave  the  result : — 
Annealed  18^  1488 

This  wire  was  then  hardened,  and,  reannealed  as  above  described, 
gave  the  value: — 

Annealed  18^  1489 


B.A.  Report,  1890,  p.  126. 
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Either  of  these  two  methods  seems  to  give  satisfactory  results.  For 
completely  annealing  silver  wires  the  temperature  of  the  paraffin  bath 
is  not  sufficiently  high,  bat  from  the  results  of  my  measurements  for 
silver,  for  which  the  influence  of  annealing  is  very  considerable,  it  can  be 

.  that  the  first  method  is  quite  satisfactory. 


Silver. 

Many  of  the  older  measurements  for  resistances  and  conductivities  are 
expressed  in  terms  of  the  resistance  of  pure  silver  :  this  was  the  case  with 
Matthiessen's  earlier  results. 

Some  measurements  therefore  made  on  silver  wires  are  given,  together 
with  the  results  obtained  by  Matthiessen  and  Profs.  Dewar  and  Fleming 
for  the  sake  of  comparison. 

Several  samples  of  silver  wires  were  supplied  by  Messrs.  Johnson  and 
Matthey  :  one  of  these  was  stated  to  be  absolutely  pure. 

The  results  are  expressed  for  wires  weighing  one  gramme  per  metre. 


— 

lUrd-drawn 

Annemled 

SUver     I 

1816  xlO» 

1739  X 10* 

»t 

1814 

1741 

t» 

1816 

1721 

SUver    It.  . 

1799 

1722 

Silver  III.,  pare 

1777 

1666 

1773 

1666 

It 

1767 

1 

— 

The  difference  between  the  values  for  the  hard-drawn  wires  is  probably 
due  to  the  fact  that  they  had  to  be  further  drawn  down  after  I  had 
received  them  to  enable  me  to  measure  them  on  my  bridge. 


Matthiessen's  vftlne 

For  wire  1  metre  long 
weighing  1  gramme 

Resistance  per  c.c 

Hard-drawn 

Annealed    .... 

1779  X 10* 
1639 

1694 » 
1561 

Profs.  Dewar  ^  and  Fleming  give  as  the  value  for  an  annealed  pure 
silver  wire  1468  C.G.S.  at  0**  C.  with  the  temperature  coefficient  of  '004  ; 
the  value  at  18^  is  therefore  for  the  specific  resistance  1574. 

For  most  of  the  wires  which  I  measured  the  specific  gravities  were 
determined ;  for  the  wires  Silver  I.  there  is  practically  no  difference  between 
the  values  obtained  for  the  annealed  and  hard-drawn  wires,  the  values 
varying  from  10*496  to  10-511. 

For  the  wires  Silver  III.  the  values  varied  from  10*49  to  10*50  ; 
using  the  mean  value  10*495  I  get  for  the  specific  resistances  the  following 
values : — 


— 

Hard-drawn  wire 

Annealed 

Spedftc  resistance  in  C.G.S. 
units  at  18' 

1689 

1587 

■  Using  the  value  10*5  as  the  specific  gravity  of  silver. 
«  Phil.  Mag,^  vol.  xxxvl. 
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In  the  case  of  copper '  with  increase  of  purity  there  is  a  decrease  in 
the  difference  in  resistance  between  annealed  and  hard-drawn  wires. 
With  silver  the  reverse  is  the  case. 

Silver     I. — Difference 75 

„       II. — Difference 77 

„      III.— Difference 107 

The  value  that  I  obtained  for  the  hard-drawn  wire  is  very  nearly  the 
same  as  that  given  by  Matthiessen,  but  he  obtained  a  greater  decrease  in 
resistance  on  annealing.  He  states  ^  that  for  different  pieces  of  the  same 
wire  there  was  a  variation  of  from  6  to  10  per  cent. ;  so  that  the  dif- 
ference between  his  value  and  that  which  I  have  obtained  for  a  sample  of 
pure  silver  is  not  greater  than  might  be  expected. 

The  considerable  variation  in  all  the  values  given  above  makes  it  clear 
that  the  values  of  the  specific  resistance  depend  not  simply  on  the  purity 
of  the  material,  but  on  a  number  of  other  factors,  which  will  be  different 
in  the  cases  of  different  wires  of  the  same  material,  and  that  therefore 
we  cannot  expect  to  attain  to  any  great  degree  of  accuracy  in  the 
determination  of  specific  resistances  as  distinguished  from  the  accurate 
measurement  for  some  particular  wire. 


APPENDIX  VII. 

Final  Report  of  Hie  Flectrical  Statidards  Committee  of  Hie  Board  of  Trade. 

To  the  Bight  Hon.  Jj\mrs  Brtoe,  M.P., 
President  of  tJie  Board  of  Trade. 

Since  the  date  of  our  last  Report  the  Board  of  Trade  have  laid  before 
us  a  r^sum^  of  the  action  of  the  International  Electrical  Congress  held 
in  Chicago  in  August  1893  to  determine  the  units  of  electrical  measure- 
ment. We  were  also  informed  by  the  Board  of  Trade  that  her  Majesty's 
Government  had  been  invited  by  the  United  States  Ambassador  in 
London  to  take  steps  to  adopt  the  recommendations  of  the  Congress. 

These  recommendations,  so  far  as  they  refer  to  the  units  of  electrical 
resistance,  electrical  current,  and  electrical  pressure,  are  substantially  the 
same  as  those  suggested  for  adoption  in  our  previous  Reports. 

We  see  no  reason  for  further  delay  in  the  legalisation  of  standards  of 
the  above-mentioned  units,  and  we  have  prepared  and  attach  a  revised 
Draft  Order  in  Council,^  which  we  advise  may  be  submitted  for  her 
Majesty's  gracious  approval. 

The  accompanying  notes  ^  to  the  specification  for  the  Clark's  cell  have 
been  communicated  by  Mr.  Glazebrook,  and  will  be  found  of  great 
assistance  in  the  preparation  of  this  form  of  cell. 

(Signed)        Courtknat  Botle.  Kelvin. 

Francis  J.  S.  Hopwood.  P.  Cardew. 

W.  H.  Preece.  Ratleiqu. 

G.  Caret  Foster.  R.  T.  Glazebrook. 

J.  HoPKiNsoN.  W.  E.  Ayrton. 

T.  W.  P.  Blomefield,  Secretary, 
Aiigngt  2,  1894. 

>  B.A,  Hep  .  1800.  p.  126.  «  PHI  Trans.,  1862,  p.  7 

•  The  Order  in  Council  is  printed  in  the  form  in  which  it  has  since  received  her 
Majesty's  approval.  *  For  the  notes  see  p.  141. 


Digitized  by  VjOOQIC 


ON  STANDARDS  FOR   USE  IN  ELECIRICAL  MEASUREMENTS.         137 

Order  in  Council  regarding  Standards /or  Electrical  Measurements. 

At  the  Qmrt  at  Othcme  Honte,  Isle  of  Wtght,  Augvit  23, 1894. 
pTMent :  The  QueetCt  Mott  Excellent  Majesty  in  Council. 

Whereas  by  'The  Weights  and  Measures  Act,  1889,'  it  is  among  other 
things  enacted  that  the  Board  of  Trade  shall  from  time  to  time  cause  such 
new  denominations  of  standards  for  the  measurement  of  electricity  as 
appear  to  them  to  be  required  for  use  in  trade  to  be  made  and  duly 
verified. 

And  whereas  it  has  been  made  to  appear  to  the  Board  of  Trade  that 
new  denominations  of  standards  are  required  for  use  in  trade  based  upon 
the  following  units  of  electrical  measurement,  viz. — 

1.  The  ohm,  which  has  the  value  10^  in  terms  of  the  centimetre  and 
the  second  of  time,  and  is  represented  by  the  resistance  offered  to  an 
unvarying  electric  current  by  a  column  of  mercury  at  the  temperature  of 
melting  ice  14*4521  grammes  in  mass  of  a  constant  cross- sectional  area 
and  of  a  length  of  106*3  centimetres. 

2.  The  ampere,  which  has  the  value  ^V  ^  terms  of  the  centimetre, 
the  gramme,  and  the  second  of  time,  and  which  is  represented  by  the 
unvarying  electric  current  which  when  passed  through  a  solution  of 
nitrate  of  silver  in  water  in  accordance  with  the  specification  appended 
hereto,  and  marked  A,  deposits  silver  at  the  rate  of  0*001118  of  a  gramme 
per  second. 

3.  The  volt,  which  has  the  value  10*  in  terms  of  the  centimetre,  the 
gramme,  and  the  second  of  time,  being  the  electrical  pressure  that  if 
steadily  applied  to  a  conductor  whose  resistance  is  one  ohm  will  produce 
a  current  of  one  ampere,  and  which  is  represented  by  -6974  (fJSi)  ^^  ^^® 
electrical  pressure  at  a  temperature  of  15^  C.  between  the  poles  of  the 
voltaic  cell  known  as  Clark's  cell  set  up  in  accordance  with  the  specification 
appended  hereto,  and  marked  B. 

And  whereas  they  have  caused  the  said  new  denominations  of  stan- 
dards to  be  made  and  duly  verified. 

Now,  therefore,  her  Majesty,  by  virtue  of  the  power  vested  in  her 
by  the  said  Act,  by  and  with  the  advice  of  her  Privy  Council,  is  pleased 
to  approve  the  several  denominations  of  standaitis  set  forth  in  the 
scheaule  hereto  as  new  denominations  of  standards  for  electrical  measure- 
ment.    C.  L.  Peel. 

Schedule. 

I. — Standard  of  Electrical  Resistance. 

A  standard  of  electrical  resistance  denominated  one  ohm  being  the 
resistance  between  the  copper  terminals  of  the  instrument  marked  *  Board 
of  Trade  Ohm  Standard  Verified,  1894,'  to  the  passage  of  an  unvarying 
electrical  current  when  the  coil  of  insulated  wire  forming  part  of  the 
aforesaid  instrument  and  connected  to  the  aforesaid  terminals  is  in  all 
parts  at  a  temperature  of  15^*4  C. 

II.  Standard  of  Electrical  Current. 

A  standard  of  electrical  current  denominated  one  ampere  being  the 
current  which  is  passing  in  and  through  the  coils  of  wire  forming  part  of 
the  instrument  marked  '  Board  of  Trade  Ampere  Standard  Verified,  1894,' 
when  on  reversing  the  current  in  the  fixed  coils  the  change  in  the  forces 
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acting  upon  the  suspended  coil  in  its  sighted  position  is  ezAcUj  balanced 
by  the  force  exerted  by  gravity  in  Westminster  upon  the  iridio-platinum 
weight  marked  A  and  forming  part  of  the  said  instrument. 

III. — Standard  of  Electrical  Pressure, 

A  standard  of  electrical  pressure  denominated  one  volt,  being  one 
hundredth  part  of  the  pressure  which  when  applied  between  the  terminals 
forming  part  of  the  instrument  marked  '  Board  of  Trade  Volt  Standard 
Verified,  1894,'  causes  that  rotation  of  the  suspended  portion  of  the 
instrument  which  is  exactly  measured  by  the  coincidence  of  the  sighting 
wire  with  the  image  of  the  fiducial  mark  A  before  and  after  application 
of  the  pressure  and  with  that  of  the  fiducial  mark  B  during  the  applica- 
tion of  the  pressure,  these  images  being  produced  by  &e  suspended 
mirror  and  observed  by  means  of  the  eyepiece. 

In  the  use  of  the  above  standards  the  limits  of  accuracy  attainable 
are  as  follows  : — 

For  the  ohm,  within  one  hundredth  part  of  one  per  cent. 
For  the  ampere,  within  one  tenth  part  of  one  per  cent. 
For  the  volt,  within  one  tenth  part  of  one  per  cent. 

The  coils  and  instruments  referred  to  in  this  schedule  are  deposited  at 
the  Board  of  Trade  Standardising  Laboratory,  8  Richmond  Terrace, 
Whitehall,  London. 

Specifications  referred  to  in  the  forbgoinq  Order  in  Council. 
SPECIFICATION  A. 

In  the  following  specification  the  term  silver  voltameter  means  the 
arrangement  of  apparatus  by  means  of  which  an  electric  current  is  passed 
through  a  solution  of  nitrate  of  silver  in  water.  The  silver  voltameter 
measures  the  total  electrical  quantity  which  has  passed  during  the  time  of 
the  experiment,  and  by  noting  this  time  the  time-average  of  the  current,  or  if 
the  current  has  been  kept  constant  the  current  itself,  can  be  deduced. 

In  employing  the  silver  voltameter  to  measure  currents  of  about 
1  ampere  the  following  arrangements  should  be  adopted.  The  kathode 
on  which  the  silver  is  to  be  deposited  should  take  the  form  of  a  platinum 
bowl  not  less  than  10  centimetres  in  diameter,  and  from  4  to  5  centimetres 
in  depth. 

The  anode  should  be  a  plate  of  pure  silver  some  30  square  centimetres 
in  area  and  2  or  3  millimetres  in  thickness. 

This  is  supported  horizontally  in  the  liquid  near  the  top  of  the  solution 
by  a  platinum  wire  passed  through  holes  in  the  plate  at  opposite  comers. 
To  prevent  the  disintegrated  silver  which  is  formed  on  the  anode  from 
falling  on  to  the  kathode,  the  anode  should  be  wrapped  round  with  pure 
filter  paper,  secured  at  the  back  with  sealing-wax. 

The  liquid  should  consist  of  a  neutral  solution  of  pure  silver  nitrate, 
containing  about  15  parts  by  weight  of  the  nitrate  to  85  parts  of  water. 

The  resistance  of  the  voltameter  changes  somewhat  as  the  current 
passes.  To  prevent  these  changes  having  too  great  an  effect  on  the 
current,  some  resistance  besides  that  of  the  voltameter  should  be  inserted 
in  the  circuit.  The  total  metallic  resistance  of  the  circuit  should  not  be 
less  than  10  ohms. 
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Method  of  making  a  Mect^ur&ment. 

The  platinum  bowl  is  washed  with  nitric  acid  and  distilled  water,  dried 
by  heat,  and  then  left  to  cool  in  a  desiccator.  When  thoroughly  dry  it  is 
weighed  carefully. 

It  is  nearly  filled  with  the  solution,  and  connected  to  the  rest  of  the 
circuit  by  being  placed  on  a  clean  copper  support  to  which  a  binding 
screw  is  attach^.     This  copper  support  must  be  insulated. 

The  anode  is  then  immersed  in  the  solution  so  as  to  be  well  covered 
by  it  and  supported  in  that  position  ;  the  connections  to  the  rest  of  the 
circuit  are  made. 

Contact  is  made  at  the  key,  noting  the  time  of  contact.  The  current 
is  allowed  to  pass  for  not  less  than  half  an  hour,  and  the  time  at  which 
contact  is  broken  is  observed.  Care  must  be  taken  that  the  clock  used  is 
keeping  correct  time  during  this  interval. 

The  solution  is  now  removed  from  the  bowl  and  the  deposit  is  washed 
with  distilled  water  and  left  to  soak  for  at  least  six  hours.  It  is  then 
rinsed  successively  with  distilled  water  and  absolute  alcohol  and  dried  in 
a  hot-air  bath  at  a  temperature  of  about  160®  C.  After  cooling  in  a 
desiccator  it  is  weighed  again.  The  gain  in  weight  gives  the  silver 
deposited. 

To  find  the  current  in  amperes,  this  weighty  expressed  in  grammes, 
must  be  divided  by  the  number  of  seconds  during  which  the  current  has 
been  passed,  and  by  0*001118. 

The  result  will  be  the  time-average  of  the  current,  if  during  the 
interval  the  current  has  varied. 

In  determining  by  this  method  the  constant  of  an  instrument  the 
current  should  be  kept  as  nearly  constant  as  possible,  and  the  readings  of 
the  instrument  observed  at  frequent  intervals  of  time.  These  observa- 
tions give  a  curve  from  which  the  reading  corresponding  to  the  mean 
current  (time-averase  of  the  current)  can  be  found.  The  current,  as 
calculated  by  the  voltameter,  corresponds  to  this  reading. 


8FECIPICATI0N   B. 

On  THE  Preparation  of  the  Clark  Cell. 

Definition  of  the  Cell, 

The  cell  consists  of  zinc  or  an  amalgam  of  zinc  with  mercury  and  of 
mercury  in  a  neutral  saturated  solution  of  zinc  sulphate  and  mercurous 
sulphate  in  water,  prepared  with  mercurous  sulphate  in  excess. 

Preparation  oftliA  McUcrials, 

1.  The  Mercury. — To  secure  purity  it  should  be  first  treated  with  acid 
in  the  usual  manner,  and  subsequently  distilled  in  vacuo. 

2.  The  Zinc. — ^Take  a  portion  of  a  rod  of  pure  redistilled  zinc,  solder 
to  one  end  a  piece  of  copper  wire,  clean  the  whole  with  glass  paper  or  a 
steel  burnisher,  carefully  removing  any  loose  pieces  of  the  zinc.  Just 
before  making  up  the  cell  dip  the  zinc  into  dilute  sulphuric  acid,  wash 
with  distilled  water,  and  dry  with  a  clean  cloth  or  filter  paper. 

3.  The  Mercurous  Sulphate. — Tcike  mercurous  sulphate,  purchased  as 
pure,  mix  with  it  a  small  quantity  of  pure  mercury,  and  wash  the  whole 
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thoroughly  with  cold  distilled  water  by  agitation  in  a  bottle ;  drain  off  the 
water,  and  repeat  the  process  at  least  twice.  After  the  last  washing 
drain  off  as  much  of  the  water  as  possible. 

4.  The  Zinc  StdjihaU  Solution. — Prepare  a  netUral  saturated  solution 
of  pure  0  pure  recrystallised ')  sine  sulphate  by  mixing  in  a  flask  distilled 
water  with  nearly  twice  its  weight  of  crystals  of  pure  zinc  sulphate,  and 
adding  zinc  oxide  in  the  proportion  of  about  2  per  cent,  by  weight  of  the 
zinc  sulphate  crystals  to  neutralise  any  free  add.  The  crystals  should 
be  dissolved  with  the  aid  of  gentle  heat^  but  the  temperature  to  which 
the  solution  is  raised  should  not  exceed  30^  G.  Mercurous  sulphate 
treated  as  described  in  3  should  be  added  in  the  proportion  of  about 
12  per  cent,  by  weight  of  the  zinc  sulphate  crystals  to  neutralise  any  free 
zinc  oxide  remaining,  and  the  solution  filtered,  while  still  warm,  into  a 
stock  bottle.     Crystals  should  form  as  it  cools. 

5.  The  Mercurous  Sulphate  and  Zinc  Sulphate  Paste, — Mix  the 
washed  mercurous  sulphate  with  the  zinc  sulphate  solution,  adding 
sufficient  crystals  of  zinc  sulphate  from  the  stock  bottle  to  ensure  satura- 
tion, and  a  small  quantity  of  pure  mercury.  Shake  these  up  well 
together  to  form  a  paste  of  the  consistence  of  cream.  Heat  the  paste, 
but  not  above  a  temperature  of  30°  C.  Keep  the  paste  for  an  hour  at  this 
temperature,  agitating  it  from  time  to  time,  then  allow  it  to  cool ;  con- 
tinue to  shake  it  occasionally  while  it  is  cooling.  Crystals  of  zinc  sul- 
phate should  then  be  distinctly  visible,  and  should  be  distributed  throughout 
the  mass.  If  this  is  not  the  case  add  more  crystals  from  the  stock  bottle, 
and  repeat  the  whole  process. 

This  method  ensures  the  formation  of  a  saturated  solution  of  zinc  and 
mercurous  sulphates  in  water. 

To  set  up  the  CeU, 

The  cell  may  conveniently  be  set  up  in  a  small  test-tube  of  about 
2  centimetres  diameter  and  4  or  5  centimetres  deep.  Place  the  mercury 
in  the  bottom  of  this  tube,  filling  it  to  a  depth  of,  say,  *5  centimetre. 
Cut  a  cork  about  '5  centimetre  thick  to  fit  the  tube ;  at  one  side  of  the 
cork  bore  a  hole  through  which  the  zinc  rod  can  pass  tightly;  at  the  other 
side  bore  another  hole  for  the  glass  tube  which  covers  the  platinum  wire  ; 
at  the  edge  of  the  cork  cut  a  nick  throueh  which  the  air  can  pass  when 
the  cork  is  pushed  into  the  tube.  Wash  the  cork  thoroughly  with  warm 
water,  and  leave  it  to  soak  in  water  for  some  hours  before  use.  Pass  the 
zinc  rod  about  1  centimetre  through  the  cork. 

Contact  is  made  with  the  mercury  by  means  of  a  platinum  wire  about 
No.  22  gauge.  This  is  protected  from  contact  with  the  other  materials 
of  the  cell  by  being  sealed  into  a  glass  tube.  The  ends  of  the  wire  project 
from  the  ends  of  the  tube ;  one  end  forms  the  terminal,  the  other  end  and 
a  portion  of  the  glass  tube  dip  into  the  mercury. 

Clean  the  glass  tube  and  platinum  wire  carefully,  then  heat  the 
exposed  end  of  the  platinum  red-hot^  and  insert  it  in  the  mercury  in  the 
test-tube,  taking  care  that  the  whole  of  the  exposed  platinum  is  covered. 

Shake  up  the  paste  and  introduce  it  without  contact  with  the  upper 
part  of  the  walls  of  the  test-tube,  filling  the  tube  above  the  mercury  to  a 
depth  of  rather  more  than  1  centimetre. 

Then  insert  the  cork  and  zinc  rod,  passing  the  glass  tube  through  the 
hole  prepared  for  it.  Push  the  cork  gently  down  until  its  lower  surface 
is  nearly  in  contact  with  the  liquid.     The  air  will  thus  be  nearly  all 
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expelled,  and  the  cell  should  be  left  in  this  condition  for  at  least  twenty- 
four  hours  before  sealing,  which  should  be  done  as  follows. 

Melt  some  marine  glue  until  it  is  fluid  enough  to  pour  by  its  own 
weight,  and  pour  it  into  the  test-tube  above  the  cork,  using  sufficient 
to  cover  completely  the  zinc  and  soldering.  The  glass  tube  containing 
the  platinum  wire  should  project  some  way  above  the  top  of  the  marine 
glue. 

The  cell  may  be  sealed  in  a  more  permanent  manner  by  coating  the 
marine  glue,  when  it  is  set,  with  a  solution  of  sodium  silicate,  and  leaving 
it  to  harden. 

The  cell  thus  set  up  may  be  mounted  in  any  desirable  manner.  It 
is  convenient  to  arrange  the  mounting  so  that  the  cell  may  be  immersed 
in  a  water-bath  up  to  the  level  of,  say,  the  upper  surface  of  the  cork.  Its 
temperature  can  then  be  determined  more  accurately  than  is  possible  when 
the  cell  is  in  air. 

In  using  the  cell  sudden  variations  of  temperature  should  as  far  as 
possible  be  avoided. 

The  form  of  the  vessel  containing  the  cell  may  be  varied.  In  the 
H  form  the  zinc  is  replaced  by  an  amalgam  of  ten  parts  by  weight  of  zinc 
to  ninety  of  mercury.  The  other  materials  should  be  prepared  as  already 
described.  Contact  is  made  with  the  amalgam  in  one  leg  of  the  cell  and 
with  the  mercury  in  the  other  by  means  of  platinum  wires  sealed  through 
the  glass. 

Notes  to  the  Specification  on  the  Preparation  op  the 
Clark  Cell. 

The  Mercurous  Sulphate, — The  treatment  of  the  mercurous  sulphate 
has  for  its  object  the  removal  of  any  mercuric  sulphate  which  is  often 
present  as  an  impurity. 

Mercuric  sulphate  decomposes  in  the  presence  of  water  into  an  acid 
and  a  basic  sulphate.  The  latter  is  a  yellow  substance — ^turpeth  mineral 
— practically  insoluble  in  water ;  its  presence  at  any  rate  in  moderate 
quantities  has  no  effect  on  the  cell.  If,  however,  it  is  formed,  the  acid 
sulphate  is  formed  also.  This  is  soluble  in  water,  and  the  acid  produced 
affects  the  electro-motive  force.  The  object  of  the  washings  is  to  dissolve 
and  remove  this  acid  sulphate,  and  for  this  purpose  the  three  washings 
described  in  the  specification  will  in  nearly  all  cases  suffice.  If,  however, 
a  great  deal  of  the  turpeth  mineral  is  formed,  it  shows  that  there  is  a 
great  deal  of  the  acid  sulphate  present,  and  it  will  then  be  wiser  to  obtain 
a  fresh  sample  of  mercurous  sulphate  rather  than  to  try  by  repeated 
washings  to  get  rid  of  all  the  acid. 

The  free  mercury  helps  in  the  process  of  removing  the  acid,  for  the 
acid  mercuric  sulphate  attacks  it,  forming  mercurous  sulphate  and  acid 
which  is  washed  away. 

Pure  mercurous  sulphate  when  quite  free  from  acid  shows  on  repeated 
washing  a  faint  primrose  tinge,  which  is  due  to  the  formation  of  a  basic 
mercurous  salt,  and  is  distinct  from  the  turpeth  mineral  or  basic  mercuric 
sulphate.  The  appearance  of  this  primrose  tint  may  be  taken  as  an 
indication  of  the  fact  that  all  the  acid  has  been  removed,  and  the  washing 
may  with  advantage  be  continued  until  this  primrose  tint  appears.  Should 
large  quantities  of  this  basic  mercurous  salt  be  formed,  the  sulphate  should 
be  treated  as  described  in  the  instructions  for  setting  up  Clark's  cells 
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issued  from  the  Physical  Technical  Institute  of  Berlin,  'Zeitschrift  fiir 
Instrumentenkunde,'  1893,  Heft  5. 

The  Zinc  SulpIuUe  SdtUion. — ^The  object  to  be  attained  is  the  pre- 
paration of  a  neutral  solution  of  pure  zinc  sulphate  saturated  with 
ZnSO^THjO. 

At  temperatures  above  30®  C.  the  zinc  sulphate  may  crystallise  out  in 
another  form ;  to  avoid  this,  30**  C.  should  be  the  upper  limit  of  tem- 
perature. At  this  temperature  water  will  dissolve  about  1*9  time  its 
weight  of  the  crystals.  If  any  of  the  crystals  put  in  remain  undissolved 
they  will  be  removed  by  the  filtration. 

The  zinc  sulphate  should  be  free  from  iron,  and  should  be  tested  before 
use  with  sulphocyanide  of  potassium  to  ascertain  that  this  condition  is 
satisfied.  If  an  appreciable  amount  of  iron  is  present  it  should  be  re- 
moved by  the  method  given  in  the  directions  already  quoted,  '  Zeitschrif  t 
fur  Instrumentenkunde,'  1893,  Heft  5. 

The  amount  of  zinc  oxide  required  depends  on  the  acidity  of  the 
solution,  but  2  per  cent,  will,  in  all  cases  which  will  arise  in  practice  with 
reasonably  good  zinc  sulphate,  be  ample.  Another  rule  would  be  to  add 
the  zinc  oxide  gradually  until  the  solution  became  slightly  milky.  The 
solution  when  put  into  the  cell  should  not  contain  any  free  zinc  oxide ; 
if  it  does,  then,  when  mixed  with  the  mercurous  sulphate,  zinc  sulphate 
and  mercurous  oxide  are  formed ;  the  latter  may  be  deposited  on  the 
zinc  and  affect  tlie  electro-motive  force  of  the  cell.  The  difficulty  is 
avoided  by  adding  as  described  about  12  per  cent,  of  mercurous  sulphate 
before  filtration  :  this  is  more  than  sufficient  to  combine  with  the  whole 
of  the  zinc  oxide  originally  put  in,  if  it  all  remains  free.  The  mercurous 
oxide  formed,  together  with  any  undissolved  mercurous  sulphate,  is 
removed  by  the  filtration. 

The  Mercurous  Sulphate  and  Zinc  Sulplhoie  Paste, — Although,  after 
the  last  washing  of  the  mercurous  sulphate,  as  much  water  as  possible 
Fig.  2.  niay  have  been  drained  off,  sufficient  water 

generally  remains  to  necessitate  the  addition 
of  a  very  considerctble  quantity  of  crystals  of 
zinc  sulphate  from  the  stock  bottle,  in  order 
to  insure  saturation,  when  the  washed  mer- 
curous sulphate  is  added  to  the  zinc  sulphate 
solution  as  described  in  No.  4  of  Specificatioii 
B  appended  to  the  Order  in  Council. 

If  the  sides  of  the  test  tube  above  the 
cork  be  soiled  by  the  introduction  of  the 
paste,  the  marine  glue  doos  not  adhere  t^> 
the  glass ;  the  liquid  in  the  cell  rises  by 
capillary  action  between  the  glue  and  the 
glass,  and  may  damage  the  cell. 

The  form  of  the  vessel  containing  the  cell 
may  be  'varied.  In  the  H  form  devised  by 
Lord  Rayleigh  and  modified  by  Dr.  Kahle  the 
zinc  is  replaced  by  an  amalgam  of  zinc  and 
mercury.  The  other  materials  should  be  prepared  as  already  described. 
Contact  is  made  with  the  amalgam  in  one  leg  of  the  cell  and  with  the 
mercury  in  the  other  by  means  of  platinum  wires  sealed  through  the  glass. 
The  amalgam  consists  of  about  ninety  parts  of  pure  mercury  mixed 
with  ten  parts  of  pure  redistilled  zinc.     These  are  heated  in  a  porcelain 
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cnicible  to  about  100^  C,  and  gently  stirred  until  the  zinc  is  completely 
dissolved  in  the  mercury.  The  amalgam  is  liquid  while  warm,  and  must 
be  poured  into  the  cell  before  it  becomes  solid  on  cooling. 

The  vessel  containing  the  element  consists  of  two  vertical  tubes. 
These,  as  shown  in  the  figure,  are  closed  below  and  open  above  into  a 
common  neck,  which  can  be  closed  by  a  ground  stopper  of  glass.  The 
two  tubes  should  be  2  cm.  in  diameter  and  3  cm.  in  length.  The  neck 
should  be  at  least  1*5  cm.  in  diameter  and  2  cm.  long.  A  short  length 
of  platinum  wire  is  sealed  through  the  bottom  of  each  tube. 

The  end  of  the  wire  in  one  tube  is  covered  by  a  small  quantity  of 
pure  mercury,  that  in  the  other  tube  by  the  zinc-mercury  amalgam. 

Above  the  mercury  a  layer  about  1  cm.  thick  of  the  mercurous 
sulphate  paste  is  placed  ;  above  this,  and  also  above  the  amalgam,  a  layer, 
also  about  1  cm.  in  thickness,  of  zinc-sulphate  crystals,  and  the  vessel  is 
filled  up  with  the  saturated  zinc  sulphate  solution. 

The  zinc-sulphate  crystals  are  obtained  by  evaporating  at  a  tem- 
perature of  less  than  30^  C.  some  of  the  zinc -sulphate  solution  prepared 
as  in  4  of  the  specification. 

The  stopper  is  then  inserted,  leaving  a  small  air  bubble  above  the 
liquid,  and  sealed  on  the  outside  with  shellac  dissolved  in  alcohol. 

The  ends  of  the  platinum  wires  outside  the  cell  form  the  two  poles, 
and  should  be  connected  to  suitable  terminals. 


The  Application  of  Photography  to  tlie  Ehwidaisum  of  MeteorologicaX 
Phenomena. — Fourth  Report  of  tlie  Committee^  consisiing  of  Mr. 
6.  J.  Symons  (Chairman),  Professor  R.  Meldola,  Mr.  J. 
HOPKINSON,  and  Mr.  A.  W.  Clayden  (Secretary).  (Brawn  up  hy 
the  Secretary^ 

In  presenting  their  report  on  the  work  of  the  last  year  your  Committee 
have  but  littie  to  say  on  the  subject  of  the  representation  of  clouds  and 
lightning  by  photography.  They  consider  that  their  collection  is  nearly 
complete  so  far  as  the  different  varieties  of  cloud  form  are  concerned,  and 
it  is  only  likely  to  be  increased  slowly  and  at  long  intervals  by  photo- 
graphs of  scarce  forms  of  clouds  or  by  particularly  interesting  series. 
During  the  year  the  Secretary  has  secured  many  new  negatives  ;  but 
since  the  collection  already  includes  satisfactory  examples  of  the  same 
types,  it  has  not  been  thought  desirable  to  add  more  duplicates,  and  the 
offers  of  co-operation  from  other  photographers  have  not  been  fulfilled. 
With  reffard  to  photographs  of  lightning  also  the  collection  has  not  been 
increased,  for  your  Committee  have  not  been  made  aware  of  any  such 
photographs  which  show  any  features  not  already  familiar,  and  no 
opportunity  has  occurred  for  the  Secretary  to  make  any  observations  for 
the  further  elucidation  of  the  known  phenomena. 

Your  Committee  propose  to  invite  the  Royal  Meteorological  Society 
to  take  charge  of  such  photographs  from  their  collection  as  are  not  likely 
to  be  required  for  further  investigation. 

The  attention  of  the  Committee  has  been  drawn  to  another  application 
of  photography  which  seems  to  open  up  a  possibility  of  very  valuable 
work  ;  this  is  in  the  measurement  of  cloud  altitudes.  This  is  a  question 
which  has  become  more  important  since  the  acceptance  by  the  Munich 
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Congress  of  the  system  of  cloud  nomenclature  devised  by  Hildebrandsson 
and  Abercromby,  and  it  is  remarkable  that  so  few  actual  measurements 
have  been  carried  out. 

So  far  as  your  Committee  are  aware,  the  only  measurements  of  the 
kind  which  have  been  systematically  organised,  at  least  in  this  country, 
are  those  which  were  begun  some  years  ago  at  Kew. 

Now  it  is  not  only  important  to  have  more  observations,  but  it  is 
especially  desirable  to  have  them  from  other  places  than  the  vicinity  of 
London  for  comparison,  and  in  the  residence  of  the  Secretary  at  Exeter 
such  an  opportunity  is  presented. 

In  the  course  of  experiments  on  methods  of  cloud  photography  it  has 
been  found  easy  to  secure  well-defined  images  of  clouds  even  when  the 
sun  is  in  the  middle  of  the  field  of  view.  If,  then,  two  such  photographs 
Are  taken  simultaneously  by  a  pair  of  cameras  at  some  distance  apart, 
there  will  be  a  displacement  of  the  ima^e  relatively  to  that  of  the  sun. 
The  amount  of  this  displacement  will  depend  upon  a  number  of  things, 
but  it  will  be  increased  by  adding  to  the  focal  length  of  the  lens  and  by 
increasing  the  distance  between  the  two  cameras.  By  knowing  these 
values  and  the  altitude  and  azimuth  of  the  sun,  the  distance  of  the  cloud 
and  its  height  above  the  ground  may  be  calculated  without  difficulty. 

The  azimuth  and  altitude  of  the  sun  at  the  time  of  exposure  may  be 
ascertained  by  direct  observation,  or  it  may  be  found  by  calculation  from 
the  known  time  at  which  exposure  was  made.  There  seems  to  be  a 
manifest  advantage  in  thus  using  the  sun  as  a  fixed  point  of  reference, 
since  it  provides  a  means  whereby  any  error  in  the  observation  of  altitude 
and  azimuth  may  be  effectively  checked. 

Your  Committee  have  therefore  prepared  a  pair  of  cameras  so  con- 
structed that  they  may  be  easily  directed  towards  the  sun.  They  are 
provided  with  lenses  of  18  inches  focus  covering  a  plate  of  whole  plate 
size,  thereby  giving  a  large  displacement  and  allowing  room  for  a  displace- 
ment of  several  inches.  The  lenses  are  provided  with  adjustable  shutters, 
which  can  be  simultaneously  freed  by  an  electrical  attachment.  They  are 
placed  on  stands,  which  serve  as  cupboards  for  them  when  not  in  use. 

At  present  for  purely  trial  purposes  they  are  placed  in  the  Secretary's 
garden  at  a  distance  of  35  yards,  yet  even  that  short  distance  gives  a 
displacement  of  half  an  inch  with  clouds  3,780  feet  distant.  This,  of 
course,  is  too  small  for  very  accurate  measurement,  and  would  be  far 
smaller  with  high-level  clouds,  the  determination  of  the  altitudes  of  which 
is  most  important 

The  intention  of  your  Committee  is  to  place  them  on  a  plot  of  level 
ground  by  the  side  of  the  London  and  South- Western  Railway  near 
Exeter.  There  is  available  a  strip  of  waste  ground,  just  over  a  quarter  of 
a  mile  in  length,  commanding  an  uninterrupted  view  of  the  sun  from 
sunrise  until  nearly  sunset.  The  ground  is  level,  and  the  cameras  can  be 
placed  due  east  and  west,  thereby  greatly  simplifying  the  reduction  of 
the  observations.  The  directors  of  the  London  and  South- Western  Rail- 
way have  kindly  consented  to  allow  the  ground  to  be  used  under  conditions 
which  seem  to  your  Committee  quite  satisfactory,  but  which  involve  the 
payment  of  a  nominal  rent  of  IL  per  annum  ;  and  the  cameras  would 
have  been  placed  in  position  by  the  present  time  had  it  not  been  necessary 
to  get  another  meeting  of  the  Committee  to  sanction  the  agreement.  The 
method  is  easy  to  apply,  and  promises  to  yield  results  at  least  as  accurate 
as  any  which  have  yet  been  tried ;  so  your  Committee  ask  for  reappoint- 
ment, with  a  grant  of  10^. 
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Saaih  Tremors. — Report  of  the  OommiMee^  eoneiating  of  Mr.  G.  J. 
Stmons,  Mr.  C.  DAVisoir  (Seeretary),  Sir  F.  J.  Brabiwell,  Pft>- 
feesor  G.  H.  Darwin,  Professor  J.  A.  EwiNO,  Dr.  Isaac  Roberts, 
Mr.  Thomas  Gray,  Sir  John  Evans,  Professors  J.  Prestwich, 
B.  Hull,  G.  A.  Lebour,  R.  Meldola,  and  J.  W.  Judd,  Mr.  M. 
Walton  Brown,  Mr.  J.  Glaisher,  Professor  0.  G.  Knott,  Pro- 
fessor J.  H.  Poynting,  Mr.  Horace  Darwin,  and  Dr.  R.  Oopeland 
(drawn  up  by  the  Secretary),  appointed  for  the  Investigation  ofEaHh 
Tremors  in  this  Country. 

APPENDIX  PAQB 

I.  Aocount  of  Obiervatums  made  fvith  the  IlorizontaX  Pendulum  at  Nicolaiew, 

By  Professor  8.  Kortakzi 155 

II.  The  Bifilar  Pendulum  at  the  Royal  Observatory ,  Bdinburyh.  By  Professor 

R.  COPBLAND 158 

Mr.  H.  Darunn^s  Bifilar  Pendulum. 

The  preliminary  trial  of  the  bi£lar  pendulum  last  year  led  to  the  dis- 
covery of  one  or  two  possible  sources  of  error,  chiefly  resulting  from  altera- 
tions in  the  distribution  of  temperature  near  the  instrument.  In  order  to 
eliminate  these  as  far  as  possible,  Mr.  Darwin  has  made  several  changes  in 
the  latest  form  of  the  pendulum.^ 

When  the  gas-jet  was  kept  burning  for  some  time,  it  was  found 
that  the  expansion  of  the  tube  produced  an  apparent  tilting  to  the  east, 
i.e,y  away  from  the  source  of  heat.  As  soon  as  the  flow  of  heat  through 
the  instrument  became  nearly  steady,  a  far  more  considerable  movement 
of  the  mirror  in  the  opposite  direction  became  evident,  which  was  perhaps 
due  to  the  action  of  convection  currents  in  the  surrounding  oil. 

The  expansion  of  the  tube  is  greatest  on  the  side  towanls  the  gas-jet. 
Its  disturbing  effect  is  therefore  a  maximum  when  the  gas-jet  is  in  a  plane 
at  right  angles  to  that  in  which  the  silver  wire  lies.  In  the  new  instrument 
the  mirror  is  held  in  a  frame  so  that  the  plane  of  the  mirror  is  perpendicu- 
lar to  that  of  the  silver  wire,  and  the  principal  effect  of  the  expansion  is 
merely  an  inappreciable  change  in  the  sensitiveness  of  the  pendulum.  At 
the  same  time  we  should  expect  that  this  method  of  mounting  the  mirror 
would  diminish  the  disturbing  action  of  convection  currents,  as  the  surfax^e 
exposed  to  them  lies  chiefly  in  a  plane  at  right  angles  to  that  in  which  the 
movements  of  the  ground  are  being  measured. 

In  order  to  avoid  any  straining  of  the  tube  the  lever  used  in  deter- 
mining the  angular  value  of  the  scale  divisions  is  prolonged  above  the 
tilting-screw.  To  this  upper  portion  is  attached  a  movable  weight,  which 
can  l^  adjusted  so  that  the  centre  of  gravity  of  the  lever  coincides  with 
the  axis  of  the  tilting-screw.  The  lever  is  moved  by  a  rocking-arm  worked 
from  a  distance  by  a  pair  of  pneumatic  bellows. 

The  instrument  rests  on  three  foot-screws,  two  of  which  are  in  a  line 
parallel  to  the  plane  of  the  silver  wire.  A  tangent-screw  is  connected 
-with  these  two,  so  that  one  can  be  raised  and  the  other  depressed  by  an 
equal  amount,  and  so  enable  the  sensitiveness  to  be  varied.  A  second 
tangent-screw  is  attached  to  the  third  foot-screw,  or  '  back-leg,'  by  means 

'  For  the  account  of  these  improvements  I  am  indebted  to  notes  supplied  by  Mr. 
Darwin.  See  also  a  paper,  <  Bifilar  Pendulum  for  Measuring  Sarth-tilts/  Nature^ 
vol.  1.  1894,  pp.  246-249. 
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of  which  the  pendulum  can  be  tilted  in  the  plane  perpendicular  to  that  of 
the  sOver  wire,  and  the  spot  of  light  readjusted  to  the  centre  of  the  scale 
or  photographic  paper.  Both  screws  are  worked  from  a  distance  by  long 
wooden  rods. 

A  bifilar  pendulum,  with  the  changes  above  described,  was  erected 
early  this  year  at  the  Royal  Observatory,  Edinburgh.  The  instrument  is 
also  further  protected  by  a  cover  from  heat  effects.  Dr.  Copeland,  As- 
tronomer Royal  for  Scotland,  informs  me  that,  with  these  arrangements, 
it  is  not  at  all  affected  by  momentary  changes  of  temperaturo. 

The  Greek  JSarthqttake  Fulaationa  of  April  1894. 

On  April  20  a  severo  earthquake  took  place  in  north-east  Greece, 
causing  much  damage  in  several  towns  and  villages.  Soon  after  the  news 
of  its  occurrence  was  published  I  made  frequent  observations  with  the 
bifilar  pendulum  at  Birmingham,  and  was  fortunate  enough  to  watch  the 
greater  part  of  the  remarkable  series  of  pulsations  proceeding  from  the 
second  great  disturbance,  that  of  April  27.  An  account  of  these  move- 
ments is  given  in  its  proper  place  below. 

A  few  weeks  later  I  received  from  Dr.  von  Rebeur-Faschwitz  a  list  of 
the  records  of  the  same  pulsations  made  by  the  horizontal  pendulum  at 
Nicolaiew.  As  these  gave  a  somewhat  greater  velocity  for  the  pulsations, 
it  seemed  possible  that  conclusions  of  some  interest  might  result  from  an 
endeavour  to  trace  the  pulsations  as  they  spread  outwards  from  their 
origin.  I  accordingly  wrote  to  the  directors  of  the  leading  magnetic  and 
geodynamic  observatories  on  the  Continent  and  in  this  country,  and  I  am 
indebted  to  their  courtesy  for  much  information,  a  summary  of  which  is 
given  below.  Additional  details  relating  to  the  Italian  observatories  have 
been  extracted  from  the  valuable  ^  BoUettino  Meteorico '  (Supplementi  104 
and  105)  of  the  '  Ufficio  Centrale  di  Meteorologia  e  Geodinamica '  of  Rome. 

The  total  number  of  shocks  belonging  to  this  earthquake  series  must 
amount  to  several  hundred.  The  strongest  wero  those,  already  mentioned, 
on  April  20  and  27.  Both  were  felt  over  the  whole  of  Greece.  The 
epicentral  areas  seem  to  have  been  situated  in  the  eparchy  of  Locris,  and 
probably  not  far  distant  from  its  capital,  Atalante.  In  the  estimates  of 
the  velocity  which  follow  I  have  supposed  the  earthquake  pulsations  to 
start  from  this  town,  the  position  of  which  is  38°  39'  N.  lat.,  23°  0'  E.  long., 
and  about  98  kilometres  from  Athens.  For  convenience  the  recorded 
times  have  all  been  reduced  to  Greenwich  mean  time. 

Athens  (Dr  D.  Eginitis),  37°  58'  20"  N.,  23°  43'  48"  E.  The  earth- 
quakes were  registered  by  Brassart  seismoscopes.  These  are  well  regulated^ 
so  that  the  times  may  be  regarded  as  very  exact.  April  20,  5h.  17m.  5s.  p.m., 
duration  4  seconds;  followed  by  a  second  shock  at  5h.  17m.  35s.  p.m.,. 
duration  7  seconds.  April  27,  7h.  46m.  lis.  p.m.,  a  very  strong  shock,, 
duration  12  seconds. 

Catania  »  (Professor  A.  Ricco),  37°  28'  K,  15°  4'  E.  April  20, 
5h.  23m.  8s.  p.m.  April  27,  7h.  47m.  19s.  p.m.  The  photographic  record 
of  the  normal  tromometer  shows  six  series  of  decreasing  oscillations, 
lasting  for  about  18  minutes. 

Benevento  {'  Boll.  Meteor.'),  41°  8'  N.,  14°  45'  E.  April  20,  5h.  19m.  p.m., 
a  very  distinct  trace  indicated  by  the  Cecchi  seismograph.     April  27, 

*  The  observatory  is  situated  at  a  short  distance  from  Catania,  bat  I  have  been 
unable  to  find  its  exact  position.  In  several  cases,  the  positions  of  the  Italian 
observatories  are  only  approximate. 
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7h.  46ni.  P.M,  On  both  occasions  the  tromometer  oscillated  so  mach  that 
it  was  not  possible  to  determine  the  amplitude. 

Ifinso  (*BoU.  Meteor.'),  3r  15'  N.,  14°  42'  E.  April  20,  5h.  26m. 
(±  some  seconds),  p.m.    April  27,  7h.  53m.  p.m. 

Porlici  (' BoU.  Meteor.'),  40^  5(y  N.,  U^  19'  E.  April  27,  7h.  51m.  9s. 
P.M.,  movement  indicated  by  a  Brassart  seismograph. 

VelleiriC Boll  Meteor.'),  4P  41'  N.,  12°  47'  E.  April  20,  6h.  26m.  p.m. 

Boeca  di  Fc^  (Dr.  A.  Cancani  and  '  Boll.  Meteor.'),  41*^  54'  N., 
12''  29'  E.  April  20,  5h.  20m.  p.m.,  the  beginning  of  the  pulsations  indi- 
cated by  the  '  tromometro  avvisatore.'  The  Brassart  seismograph  displaced 
at  5h,  22m.  :f:  20s.  April  27,  7h.  45m.  p.m.,  the  arrival  of  the  pulsa- 
tions announced  by  the  '  tromometro  avvisatore.'  The  great  seismograph 
(7  metres  in  length  and  100  kilogrammes  in  mass)  shows  the  beginning  o£ 
small  earthquakes  in  the  S.E.-N.W.  component  at  7h.  47m.  30s.  At 
about  7h.  49m.  30s.  the  large  oscillations  in  the  S.E.-N.W.  component 
began,  and  at  7h.  49m.  49s.  in  the  N.E.-S.W.  component.  These  large 
oscillations  had  a  period  of  7*2  seconds,  and  present  a  principal  maximum  in 
the  N.E.-S.W.  component  at  7h.  50m.  40s.,  that  of  the  other  component  not 
being  well  defined.  This  great  undulatory  movement  ceased  at  7h.  57m.  20s. 
in  the  N.E.-S.W.  component,  and  at  about  8h.  2m.  20s.  in  the  S.E.-N.W. 
component. 

R(nne  (Professor  Tacchini  and  '  Boll.  Meteor.'),  41**  54'  N.,  12**  29'  E. 
April  20,  beginning  of  the  movement  about  5h.  20m.  20s.  p.m.  in  the 
N.W.-S.E.  component,  about  5h.  22m.  Os.  in  the  N.E.-S.W.  component. 
The  movement  gradually  increased  until  the  following  maxima  were  pre- 
sented :  5h.  25m.  35s.,  5h.  26m.  Os.,  5h.  26m.  55s.  (principal  maximum), 
5h.  28m.  20s.,  5h.  29m.  Os.,  after  which  the  traces  irregularly  and  slowly 
decreased,  the  end  of  the  movement  taking  place  at  about  5h.  33m.  15s. 
in  the  N.W.-S.E.  component,  and  about  5h.  35m.  10s.  in  the  N.E.-S.W. 
component.  April  27,  the  beginning  of  the  movement  in  both  components 
at  about  7h.  47m.  50s.  p.m.  ;  a  series  of  maxima,  first  increasing  and 
then  decreasing,  at  7h.  50m.  55s.,  7h.  51m.  40s.  (principal  maximum), 
7h.  52m.  10s.,  7h.  52m.  25s.,  7h.  53m.  Os,,  7h.  53m.  45s ,  7h.  55m.  55s.,  and 
7h.  57m.  10s. ;  the  end  of  the  movement  in  both  components  may  be  taken 
at  about  8h.  6m.  20s.,  but  not  improbably  it  was  prolonged  still  further. 

Siena  {'  Boll.  Meteor.'),  43»  19'  N.,  11^  20'  E.  April  20,  5h.  23m.  40s. 
(±  about  10s.)  p.m.,  beginning  of  the  movement  in  the  N.N.E.-S.S.W. 
component)  as  registered  by  the  Vicentini  seismograph ;  the  oscillations 
gradually  increased  in  amplitude  until  they  attained  the  following 
maxima :  between  5h.  25m.  40s.  and  5h.  26m.  40s.  (two  principal 
maxima),  at  5h.  26m.  58s.,  5h.  28m.  4s.,  and  5h.  28m.  40s.  ;  the 
oscillations  then  slowly  disappeared,  the  total  duration  being  about  ^teen 
minutes.  During  the  first  s^ven  minutes  the  average  period  of  the  oscil- 
lations in  the  E.S.E.-W.N.W.  component  was  about  five  seconds,  and  in 
the  other,  during  the  first  ten  minutes,  about  four  seconds.  At  about 
5h.  49m.  40s.  there  was  a  group  of  fourteen  small  oscillations,  lasting  for 
one  minute.  April  27,  about  7h.  47m.  40s.  p.m.,  beginning  of  the  oscil- 
lations, which  increased  suddenly  in  amplitude ;  the  first  maximum  at 
7h.  51m.j  after  which  there  were  four  others,  the  principal  maximum 
being  at  7h.  53m.  6s.  During  an  interval  of  552  seconds  sixty-five  oscil- 
lations were  counted  in  the  N.N.E.-S.S.W.  component,  and  sixty-one  in 
the  E.S.EL-W.N.W.  component,  giving  an  average  period  of  eight  and  a 
half  seconds  for  each  complete  oscillation. 
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Fhrence  (*BoU.  Meteor.'),  43«  46'  K,  ll**  15'  E.  April  20,  from 
5h.  23m.  5s.  (±  15s.)  to  5h.  28m.  51s.  p.m.  April  27,  7h.  49m.  2s. 
to  7h.  50m.  lis.  p.m.  ;  movement  indicated  by  the  Cecchi  seismograph. 

S(M  Lfiea,  near  Bologna  ('Boll.  Meteor.').  April  20,  5h.  25m.  p.m.,  a 
very  slight  movement  indicated  by  the  Bertelli  tromometer.  It  was  also 
indicated  by  the  De  Rossi  microseismograph. 

Spinectf  near  Mestre-Venezia  ('  Boll.  Meteor.').  April  20,  5h.  25m.  17s. 
P.M.,  a  movement  of  about  five  seconds  in  duration.  April  27,  7h.  49m.  7s., 
a  movement  of  about  feur  seconds  in  duration. 

Padua  (*  Boll.Meteor.'),45°  24'  N.,1  P  52'E.  April  20, 5h.  25m.  15s.  p.m., 
a  very  slight  movement,  followed  by  others  at  5h.  26m.  15a,  5h.  27m.  55s., 
5h.  29m.  25s.,  and  5h.  30m.  50s.  Microseismic  movements  were  indicated 
by  the  more  delicate  apparatus  until  5h.  40m.  30s.  At  5h.  26m.  15s.  the 
'  Agamennone  seismographic  pendulum  '  was  started.  April  27,  shocks  at 
7h.  50m.  30s.,  7h.  51m.  5s.,  7h.  51m.  45s.,  and  7h.  53m.  25s.  p.m.  The  tro- 
mometer continued  agitated  until  lOh.  40m.  p.m. 

Piaeenza  (*BoU.  Meteor.'),  45°  3'  N.,  9°  40'   E.     April  20,  5h.  28m. 

(±10-158.)  P.M. 

Pavia (« Boll.  Meteor.'),  45*»  11'  N.,  9° 9' E.  April  20,about  5h. 28m. p.m., 
movement,  lasting  for  150  seconds,  indicated  by  the  Brassart  seismograph. 

Nicolaiew  (Professor  Kortazzi,  details  communicated  by  Dr.  E.  von 
Rebeur-Paschwitz),  46°  58'  51"  N.,  3P  58'  28"  E.  From  April  20  the  hori- 
zontal pendulum  was  constantly  disturbed  by  the  Greek  earthquakes. 
Strong  disturbances  occurred  at  the  following  times : — April  20, 
5h.  42m.  P.M.  ;  April  21,  4h.  18m.  a.m.,  8h.  12m.  p.m.  ;  April  22,  lOh.  32m. 
A.M. ;  April  24,  2h.  47m.  a.m.  ;  April  25,  Oh.  41m.  a.m.  ;  April  27,  7h.  49m. 
P.M.  (very  strong) ;  April  30,  4h.  24m.  a.m.  ;  May  1,  Oh.  55m.  a.m. 

Cha/rkow  (Professor  G.  Lewitzky),  50°  0'  10"  N.,  36°  13'  40"  E.  From 
April  20,  5h.  23m.  p.m.  to  April  22,  3h.  5m.  A.M.,  the  horizontal  pendulum 
was  disturbed  ;  April  20,  5h.  25m.  p.m.,  beginning  of  the  strongest  move- 
ments ;  April  21,  4h.  21m.  A.M.,  maximum  of  a  shock ;  8h.  13m.  p.m.,  be- 
ginning of  a  strong  movement ;  April  27,  7h.  48m.  p.m.,  beginning  of  the 
movement.  The  disturbed  state  of  the  pendulum,  with  a  few  weak  shocks, 
lasted  until  April  28,  8h.  23m.  a.m. 

Potsdam  (Dr.  Eschenhagen),  52°  22' 55"  N.,  13°  3' 59"  E.  The  magnetic 
curves  on  April  20  and  27  ^ow  distinct  traces  of  the  pulsations  : — 

b.  m.  B.        h.  m.  8. 
April  20,  Declination  from  6  30  53  to  5  31  4  L  p.m.,  Ampl.  V 

Horizontal  intensity        „    5  31  59  „  5  35  29    „         „     I* 
Vertical  intensity 

First    shock       „    6  30  29  „  6  33  59    „ 

Second    ,,  „     5  34  69  „  5  36  29    „  „      \' 

April  27,  Declination — 

First  slight  shock,  7  53  50  P.M.,  „      1' 

Second  principal      „  ,,    7  55  50  to  8  18  50    „         „     5-('/ 

Swingings  on  the  whole  gradually  diminishing,  but  from  time  to  time  again 
increasing. 

b.  m.  s.        h.  m.  s. 
Horisontal  intensity — 

First    shock  7  54  20  Ampl.  U2' 

Second    „     from  7  56  20  to  8   1  50        „       3' 
Swingings  nntil  8   6  20        „        O'-S 

Vertical  intensity — 

First    shock  from  7  54  50  to  7  58  60 
Second    „        „      8    0  20  „  8    3  20 
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I  am  indebted  to  Dr.  Eschenhagen  for  copies  of  the  six  curves.  ^^^ 
of  these  (those  of  the  declination  and  horizontal  intensity  on  April  27)  are 
shown  in  figs.  1  and  2. 

Fio.  1.— Potfldam  :  Dediiiation,  April  27, 1894. 


Wilhehishaven  (Dr.  C.  Borgen),  63;  31'  52"  N.,  8^  8'  48"  R  The  traces 
on  the  magnetic  carves  consist  of  a  slight  broadening  of  the  curves.  The 
times  read  off  are  those  of  the  beginning  of  the  disturbance  in  each  case. 

April  20^  Declination 6  90  P.M. 

Bifilar no  trace. 

Doyd*8  Balance         .        •  .    5  30  P.M. 

April  27,  Declination 7  65    „ 

Bifilar 7  57    ^ 

Lloyd'8  Balance  .    7  57    „ 

Fare  SuMaur  (M.  Renou  and  M.  Moureaux),  48° 48'34"N., 2« 29'  38" E. 
No  trace  of  any  disturbance  exists  on  the  magnetic  curves  on  April  20. 
On  April  27  two  pulsations  are  perceptible  on  the  declination  curve,  the 
first  very  feeble  at  7h.  54m.,  the  second  more  marked  at  7h.  59m.  p.m. 
The  curves  of  the  two  components  of  magnetic  force  are  apparently  undia- 
turbed*    Two  bars  of  copper  with  bifilar  suspension,  orientated  ^.S.  and 
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Bi  W.,  show  not  the  least  sign  of  any  disturbance.      *  The  movement/ 
M.  Benou  remarks,  *  is  therefore  magnetie  and  not  mechanical.* 

Fio.  2.— Potsdam :  Horizontal  Intensity,  April  27, 1894. 


Utrecht  (M.  M*  Snellen),  52«  5'  9"  N.,  5" 
magnetic  diagrams  show  unmistakable  trapses. 


7'  66''  E.    April  27,  the 
Por  copies  of  them  I  am 

Fig.  3.— Utrecht :  Declination,  April  27, 1894. 


^debted  to  M.  Snellen.     That  of  the  declination  is  reproduced  in  fig.  3. 
^'e  following  are  the  times  of  the  beginning  of  the  oscillation^  : — 
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h.  m.   8. 

.  April  27.    DediDAtion 7  67  13  P.x. 

Horizontal  intensity    .  .    7  56  84    ,, 

Vertical  intensity        .  .        .    7  66  10    „ 

Kew  (Mr.  0.  Chree),  51*»  38'  6"  N.,  0*»  18'  47"  W.  •  There  is  a  very 
small  but  unmistakable  movement  in  the  horizontal  force  curve,  and  a 
simultaneous  extremely  slight  suggestion  of  a  movement  in  the  declina- 
tion  cui-ve.  Careful  measurements  give  8h.  Om.  p.m.  as  the  mean  Green- 
wich time  of  the  middle  of  the  movement  on  the  horizontal  force  curve^ 
and  7h.  59m.  p.m.  as  that  for  the  declination  curve.  There  is  not  the 
faintest  trace  of  movement  in  the  vertical  force  curve.' 

Birmingham,  52""  28'  N.,  P  54'  W.  The  pulsations  were  first  seen  on 
April  27  at  7h.  59m.  p.m.  Between  8h.  1  m.  and  8h.  3m.  20s.  the  image  passed 
the  cross  wire  twenty  times,  giving  an  average  duration  of  14  seconds  fot 
each  oscillation.  Between  8h.  8m.  and  8h.  10m.  2s.  the  same  number  of 
oscillations  was  completed,  the  average  duration  of  each  being  12*2  seconds. 
The  amplitude  was  determined  by  adjusting  the  image  of  the  disc  of  light 
so  that  at  one  limit  of  its  movement  its  edge  coincided  with  the  cross- 
wire  of  the  telescope.  At  7h.  59m.  the  range  was  equal  to  three-quarters 
of  the  diameter  of  the  disc.  The  whole  diameter,  it  was  afterwards  found, 
is  equivalent  to  0*98  inch  of  the  scale,  so  that  the  trace  of  the  disturbance 
on  a  photographic  recording  apparatus  in  the  same  position  as  the  scale 
would  have  been  18  mm.  in  breadth.  As  the  angular  value  of  the  scale- 
divisions  had  not  been  ascertained  since  the  beginning  of  August  1893  a 
new  determination  was  made  on  the  evenings  of  May  16-18.  The  mean 
of  twenty-four  pairs  of  tilts  of  2"  is  6*66 ±08  inches  of  the  scale.  Thus, 
at  7h.  59m.  the  range  was  0"'22.  After  this  I  believe  it  slightly  increased 
until  8h.  2m.  or  8h.  3m.  At  8h.  5m.  it  was  0"*16.  It  then  rapidly  and 
almost  continually  diminished,  being  0"'ll  at  8h.  5^m.,  0"'08  at  8h.  7m.| 
0"'05-at  8h.  8m.,  and  0"*03  at  8h.  12m.  The  movement  then  became  so 
small  that  it  could  only  be  estimated.  It  was  about  0"*01  at  8h.  14m., 
0"-005  at  8h.  16m.  At  8h.  17m.  there  was  a  single  oscillation  of  0'^-015. 
From  8h.  18m.  to  8h.  19m.  the  image  was  steady,  but  at  the  latter  time 
the  range  suddenly  increased  to  0"'O3,  but  diminished  after  a  few  oscilla- 
tions, until  at  8h.  28m.  the  image  was  steady  again.  After  this  time  no 
movement  so  great  as  0"*003  could  with  any  certainty  be  detected.^ 

In  addition  to  the  above  records  it  should  be  stated  that  the  magnetic 
curves  on  April  27  have  been  examined  at  the  following  observatories 
with  a  ne^tive  result:  Goimbra,  Greenwich^  Lisbon,  Madrid,  Nantes^ 
Nice,  and  Stonyhurst. 

The  difference  between  the  distances  of  Athens  and  Wilhelmshaven 
from  Atalante  is  1,910  km.,  and  the  difference  between  thje  recorded  times 
at  the  same  places  is  about  12m.  55s.  on  April  20,. and  abput  10m.  9s.  on 
April  27.  Assuming  that  these  times  correspond  to  the  same  phase  oi 
the  disturbance,  we  obtain  2*46  and  3*14  km.  per  second  respectively  for 
the  average  velocities  on  these  days. '  These  give  : ' — '      j  | 

TimQ  at  Qpicentrum  on.  April '20  <=  5h.  16m.  ^s.  P.H.,  (^.M.T. 
„  „  „     27 =7h- 46m.  408.  P.M.    i„ 

Using  these  values  of  the  initial  time,  we  have  the  following  table  : — t 

*  Owmg  to  the  lag  of  the  mirror  throngh  the  oil  these  estimates  are  probably 
less  than  the  actual  amonnts.  When  the  frame  of  the  pendolmn  is  tilted  suddenly 
through  an  angle  of  2",  the  image  at  first  moves  quickly,  bat  during  the  first. 
16  seconds  not  more  than  half  its  total  deflection  is  accomplished. 

*  Smce  the  duration  of  the  disturbance  at  Athens  on  April  27  was  only  12  seconds, 
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The  values  of  the  velocity  in  this  table  have  been  obtained  on  the 
supposition  that  all  phases  of  the  disturbance  left  the  origin  siinnl- 
taneouslj  at  the  initial  times  given  above.  This  is  of  course  in  the 
highest  degree  improbable,  but  it  was  so  taken  in  the  absence  of  any 
certainty  as  to  which  phase  corresponded  to  these  times.  It  is  evident 
that  the  discordances  between  many  of  the  above  results  must  in  a  great 
measure  be  due  to  this  assumption.  For  instance,  on  April  27,  the 
beginning  of  the  pulsations  was  registered  at  Charkow  one  minute  sooner 
than  at  Nicolaiew,  though  the  former  place  is  460  km.  further  from  the 
epicentrum.  Both  stations  being  observatories,  the  explanation  appears 
to  be  that  the  pendulum  at  Charkow  was  affected  by  earlier  pulsations  of 
smaller  amplitude.^ 

The  most  probable  estimate  of  the  velocity  is,  I  believe,  that  derived 
from  the  epochs  of  the  b^inning  of  the  larger  pulsations.  Including 
those  obtained  from  magnetographs,  which  are  not  disturbed  by  the  small 
initial  movements,  we  have  the  following  results'  for  the  mean  velocity : — 

April  20.    2*08  ±  08  km.  per  sec. 
„     27.    8-21  ±  07  km.        „ 

FiUure  Work  of  the  Committee, 

The  grant  of  50Z.  awarded  last  year  to  the  Committee  has  been  spent 
in  providing  for  the  foundation,  <!^.,  of  the  bifilar  pendulum  at  Bir- 
mingham, and  (in  part)  for  one  of  the  improved  pendulums  with  photo- 
graphic recording  apparatus,  to  be  placed  in  that  city  under  the  chai^  of 
the  Secretary. 

The  Committee  consider  that  it  would  be  desirable  to  test  the  working 
of  the  pendulum  by  placing  another  of  similar  construction  at  a  short 
distance  from  it.  The  comparison  would  probably  be  made  for  a  year, 
And  the  second  instrument  would  afterwards  be  available  for  use  else- 
where. They  accordingly  request  that  they  be  reappointed,  with  a  grant 
of  100^. 

it  follows  that  either  (1)  the  instrament  there  was  only  affected  by  the  laiger 
oscillations,  or  (2). that  llie  rapid  vibrations  which  constitute  the  earthquake  shock 
were  distinct  from  the  pulsations,  and  that  the  former  alone  were  registered.  The 
initial  times  above  given  were  obtained  on  the  supposition  that  the  former  alterna- 
tive is  correct.  It  seems  possible,  however,  that  the  pulsations  are  not  merely  the 
distant  equivalent  of  the  shock,  but  that  they  may  travel  with  a  different,  and  pro- 
bably greater,  velocity.  If  this  be  the  case,  the  estimates  of  the  velocity  may  be 
4i  little  too  great. 

>  If  the  velocity  of  the  pulsations  is  independent  of  their  amplitude,  these 
small  pulsations  must  have  left  the  origin  more  than  six  minutes  before  the  larger 
ones  (as  if  the  earth's  crust  slowly  quivered  before  giving  way),  and  might  possibly 
be  utilised  for  giving  earthquake  warnings  (see  I^ofessor  Milne's  suggestion  in 
ASffismal.  Joum.,  vol.  i.  1893,  pp.  10-16). 

'  The  first  of  these  is  calculated  from  six  observations  (Nos.  11,  14,  25,  27, 
31,  33),  the  second  from  thirteen  observations  (Nos.  8, 11, 14,  26,  27,  29,  31,  82,  33, 
4J6,  37,  38,  41). 
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APPENDIX  I. 

Account  of  Observations  made  with  the  Horizontal  Pendulwn  at  Nicolaiev),^ 
By  Professor  S.  Kobtazzi. 

More  than  a  year  has  elapsed  since  I  began  to  make  observations 
with  the  pendulum  of  M.  E.  von  Bebeur-Paschwitz  installed  in  the  cellar 
of  the  observatory,  but  I  have  not  as  yet  published  any  detailed  reports  on 
this  subject,  with  the  exception  of  a  brief  account  given  at  one  of  the 
meetings  of  the  Astronomical  Society  at  St.  Petersburg.  .  .  .  The  more 
or  less  regular  oscillations  of  the  pendulum,  as  well  as  the  abrupt  per- 
turbations which  it  often  experiences,  depend  on  several  physical  agents, 
and  I  find  it  necessary  to  continue  the  series  of  observations  for  several 
months  to  be  in  a  position  to  obtain  from  them  more  or  less  sound  results. 

For  the  present  I  can  only  draw  some  general  conclusions  : — 

(1)  The  horizontal  pendulum  may  be  used  as  a  very  sensible  and  very 
trustworthy  seismograph,  which  does  not  fail  to  record  all  the  oscillations 
of  the  ground  and  tremors  of  the  earth's  crust,  even  in  the  case  of  very 
distant  earthquakes.  Comparing  the  results  obtained  here  with  those  at 
Strassburg  during  the  first  three  months  of  this  year,  we  find  more  than 
a  dozen  disturbances  registered  at  the  same  time  by  both  instruments. 

(2)  Different  seismic  disturbances  produce  eictremely  varied  move- 
ments of  the  pendulum.  On  the  enclosed  copy  of  the  photograph,  which 
registers  the  positions  from  April  3,  8h.,  to  April  9,  7h.,  are  shown  two 
feeble  disturbances  on  April  4  at  22h.  40m.  and  April  6,  5*5L,  and  a 
very  strong  one  on  April  8  at  4*0h.  The  latter  corresponds  to  the  earth- 
quake which  took  place  at  this  time  in  Servia  and  Southern  Hungary. 
For  three-quarters  of  an  hour  the  pendulum  was  very  strongly  disturbea ; 
it  even  changed  abruptly  its  normal  position  ;  and  it  was  only  at  6h.  that 
it  became  steady,  whilst  no  one  in  the  whole  country  felt  then  the  least 
movement  of  the  ground.  On  August  17,  however,  at  4|h.  mean  time, 
a  rather  pronouilced  earthquake  occurred  at  Nicolaiew  itself,  and  was 
observed  by  a  great  number  of  the  inhabitants,  whilst  the  pendulum  only 
experienced  a  feeble  disturbance  similar  to  that  shown  on  the  curve  on 
April  6  at  10'5h.  (but  much  more  feeble),  when  the  pendulum  was 
purposely  disturbed  by  a  feeble  current  of  air  under  its  cover. 

(3)  The  pendulum  is  subject  to  periodic  diurnal  and  annual  oscilla- 
tidns.  The  amplitude  of  the  former  does  not  on  an  average  exceed  0''*1, 
whilst  that  of  the  latter  attains  3"  or  .4".  These  last  changes  may  be 
oxplained  by  the  inclination  of  the  uppor  layers  of  the  ground  produced 
by  the  annual  changes  of  temperature  at  the  depth  of  the  pillar  ;  whilst 
the  diurnal  oscillations,  it  seeins  to  me,  cannot  be  explained  in  the  same 
way,  because  not  only  the  ground  at  the  depth  of  15  feet,  at  which  the 
pillar  of  the  pendulum  is  founded,  but  even  the  air  of  the  cellar,  does  not 

>  Gommnnicated  in  two  letters  (dated  August  .31,  1893,  and  Jnly  10, 1894)  to  the 
8teretary,  the  second  being  an  abstract  of  a  rei^rt  to  be  presented  to  the  Boci4t^ 
Astronomiqne  Bnsse. 
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experience  any  changes  of  temperature  throughout  the  day.     On  the 
enclosed  copy  the  diurnal  oscillations  are  shown  very  distinctly. 

In  my  letter  of  August  ^f,  1893,  I  pointed  out  the  three  principal 
kinds  of  movement  which  the  horizontal  pendulum  eicperiences  :  ^1)  the 

annual    or    long-period  deviationa 


Fig.  4.— Earthquake  Disturbances  of 
March  21-22, 1894. 


SI 


1  Is     (7h.  27m.  49s.  Tokio  mean  time). 

M  I       Four  to  five  hours  earlier  another 

X  I        rather  strong  disturbance  is  seen 

Hb      on  the  photogram,  which  does  not 

coincide  with  any  observed  earth- 

[uake,  but  which  was  also  registered  by  the  horisontal  pendulum  at 


which  M.  de  Rebeur-Paschwits 
calls  '  Nullpunctbewegungen  ; ' 
the  diumiU  deviations ;  and 
seismic  disturbances.  To  these  must 
be  added  (4)  disturbances  during 
storms,  probably  arising  from  the 
movement  of  the  building,  produc- 
ing tremors  in  the  ground;  and 
(5)  periodic  deviations  of  short 
period,  in  all  probability  of  seismic 
origin. 

The  deviations  (1)  are  shown 
in  the  continual  movement  of  the 
pendulum  in  the  same  direction^ 
with  slight  digressions,  lasting 
several  months,  apparently  during^ 
the  transition  from  winter  to  sum- 
mer, and  vice  versd.  In  the  present 
position  of  my  instrument  the  pen- 
dulum inclines  towards  the  souu  in 
spring  and  summer,  and  towards 
the  north  in  winter.  .  •  .  Here  I 
must  remark  that  the  amplitude  of 
the  annual  changes  of  temperature 
in  the  cellar  where  the  instrument 
is  placed  does  not  exceed  6^  B. 
(Id'^'S  F.),  whilst  the  changes  of  the 
diurnal  period  are  quite  insensible. 

In  fig.  4  are  seen  two  seismic 
disturbances  on  March  21-22, 1894. 
The  second  of  these  (beginning  at 
Oh.  43m.  Nicolaiew  mean  tmie) 
coincides  with  the  disturbance  ob- 
served at  all  the  Italian  seismic 
stations,  and  also  registered  by  the 
magnetqgraphs  of  Pola,  Potsdam^ 
and  Wilhelmshaven  (see  *BolL 
Meteoricodell' XJfficiocentrale  •  .  . 
al  Coll^o  Romano,'  No.  135,  Sup- 


Slemento  1 03),and  was  probably  pro- 
uced  by  the  earthquake  in  Japan 
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The  movementB  of  the  pendulnm  during  a  storm  on  May  4,  1893,  are 
represented  in  fig.  5  (1  mm.»(y'-0i4). 

FiQ.  6. — Movements  daring  a  Storm  on  May  4,  1893. 

nil  n>»iii«liMi<>i>»Hi|iuii»  amiiHimiiiii  n 


Lastly,  fig.  6  (1  mm.s=0"'025)  serves  to  illustrate  the  deviations  (5), 
-when  the  pendulum,  without  heing  agitated,  is  never  at  rest,  but  for 
several  hours  inclines  sometimes  in  one  direction,  sometimes  in  ^e  other. 
During  the  month  of  March,  1894,  such  disturbances  frequently  occurred. 

Pig.  6.— Disturbances  of  Short  Period  (probably  seismic)  on  March  6, 1894 


On  the  whole,  the  observations  of  the  horizontal  pendulum  may  be  of 
much  service  in  studying  the  difierent  movements  of  the  earth's  crust  and 
of  the  ground. 

Amongst  other  things  it  seems  to  me  difficult  to  explain  the  oscilla- 
tions of  the  diurnal  period  observed  here,  as  well  as  at  Potsdam,  &c.^  by 
M.  von  Rebeur-Paschwitz,  and  at  Oharkow  by  Professor  Lewitzky,  since 
the  temperature  and  relative  humidity  of  the  air  in  the  neighbourhood  of 
the  instrument  remain  constant  throughout  the  day. 

Having  at  my  disposal  an  almost  uninterrupted  series  of  observations 
for  fifteen  months  in  the  same  position  of  the  instrument  (the  axis  of  the 
pendulum  in  the  prime  vertioed),  I  wished  to  investigate  if  the  moon 
produced  any  influence  on  these  oscillations.  For  this  purpose  I  divided 
the  whole  series  into  sixty  successive  groups,  corresponding  to  the  different 
phases  of  the  moon,  from  which  I  have  drawn  the  conclusion  that  the 
influence  of  the  moon  is  insensible,  or,  if  it  exists,  that  it  is  masked  by 
the  different  accidental  disturbances.  After  this,  having  divided  the 
whole  series  into  ^ve  consecutive  parts  (three  lunar  months  in  each),  I 
have  obtained  the  following  table  of  the  deviations  of  the  pendulum  from 
its  mean  position  for  every  two  hours  (astronomical  time)  in  thousandths 
of  a  second  »  (0"-001)  :— 


- 

Oh. 

S 

1 
4 

6 

8 

10 

12 

14 

16 

18 

I    20    '  22h, 
1 

ii 

1893 
Mar.  14- June  9  . 
Jane  10-Sept.  5  . 
Sept.  6-Dec  3     . 
I>eo.4-Mar.2     . 

1894 
Mw.  S-May  ."to   . 

-10-6 
-38-6 
-13-3 
-  1-6 

-11-6 

+  15-7 

-  9-8 

-  2-0 
+  19-8 

+10-7 

+  82-0 
+  17-8 
+  10-2 
+26-8 

+28-7 

+  39-3 
+38-2 
+  16-1 
+28-4 

+35-1 

+29-2 
+42-3 

+  18-7 
+20-7 

+  30-8 

+25-8 
+89-8 
+18-0 
+11-9 

+23-6 

+  11-6 
+26-6 
+  12-9 
+  4-6 

+  12-7 

-  6-8 
+10^ 
+  41 

-  6-0 

-  5-0 

-25-7 

-  83 

-  7-7 
-12-4 

-22-8 

-41-4 
-29-2 
-17-7 
-27-0 

-87-5 

-41-6 
-601 
-20-6 
-32-7 

-39-7 

-28-6 
-46^ 
-19-7 
-27-1 

-28-8 

If 

0-092 
0-039 
0-069 

0-076 

A  -  sign  denotes  a  deviation  to  the  north,  a  +  sign  to  the  south. 
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We  see,  therefore,  that  the  amplitude  of  the  deviations  is  greatest 
during  the  summer  months.  It  will  be  remarked  that  the  first  and  last 
series,  corresponding  nearly  to  the  same  times  of  the  year,  give  almost 
identical  deviations. 


APPENDIX  11. 


The  Bifilar  Pendulum  at  ifie  Royal  Observatory,  Edinburgh. 
By  Professor  R.  Copeland,  F,R.S.E.^  Astronomer  Royal  for  Scotland, 

This  instrument  was  placed  in  position  by  Mr.  H.  Darwin  on 
March  23,  1894.  It  is,  with  slight  exceptions,  similar  to  the  instrument 
erected  at  Birmingham,  in  Apnl  1893,  for  Mr.  C.  Davison,  and  which 
has  been  fully  described  in  the  British  Association  Report  for  1893,. 
pp.  291-303.  The  exceptions  referred  to  are :  (1)  the  arrangement  of  the 
mirror  of  the  Edinburgh  instrument  at  right  angles  to  the  plane  of  the 
suspending  wires,  and  (2)  the  surrounding  of  the  instrument  by  a  hea^y 
casing  to  prevent,  as  far  as  possible,  any  movement  of  the  mirror  due  to 
change  of  temperature  resulting  from  the  lighting  of  the  illuminating 
lamp  or  other  cause. 

The  whole  apparatus,  including  the  scale  and  lamp,  is  placed  in  a  hut 
erected  for  the  purpose  over  a  trench  running  east  and  west,  formed 
within  the  Observatory  grounds  by  removing  the  soil  and  levelling  the 
rock.  A  hole  2  feet  deep  is  bored  in  the  rock  near  the  west  end  of  the 
trench,  and  into  this  is  leaded  the  heavy  ii'on  supporting  bar.  This  bar 
is  1^  inch  in  diameter,  and  projects  above  the  surface  of  the  rock  suf- 
ficiently far  to  allow  the  iron  plate  carrying  the  instrument  to  be  fixed  to 
it  by  screws.  A  slate  slab  18  inches  square  and  1^  inch  thick,  in  which 
a  circular  hole  is  cut  9^  inches  in  diameter,  is  placed  round  the  iron 
plate,  but  not  touching  it,  and  is  supported  on  a  wooden  frame  at  the 
level  of  the  plate.  On  this  slate  is  placed  a  square  cast-iron  casing, 
6^  inches  deep,  which  surrounds  the  body  of  the  instrument,  including 
the  mirror-box.  On  this,  again,  rests  a  second  slate  with  a  circular  hole, 
6^  inches  in  diameter,  through  which  passes  the  head  of  the  instrument 
and  the  upper  part  of  the  brass  tube  containing  the  frame.  The  head  is 
covered  by  a  stoneware  jar  resting  on  the  upper  slate. 

The  cast-iron  casing  surrounding  the  body  of  the  instrument  is 
perforated  by  an  aperture  4^  inches  in  diameter  opposite  the  mirror- 
window.  To  prevent  undue  access  of  air,  and  consequent  dewing  of  the 
window,  a  truncated  cone  of  sheet  copper  is  fastened  inside  this  aperture, 
with  its  smaller  end  turned  inwards  towards  the  instrument.  In  spite  of 
this  precaution,  however,  much  difficulty  has  been  experienced  from  the 
dewing  of  the  glass,  and  a  wooden  shutter  lined  with  green  baize  has 
been  arranged  to  still  further  prevent  the  circulation  of  air.  The  shutter 
is  raised  when  necessary  by  pulling  a  string  from  the  east  end  of  the  hut. 
In  addition  vessels  containing  chloride  of  calcium  have  been  placed  in 
the  hut  and  inside  the  cast-iron  casing.  Much  benefit  has  been  derived 
from  these  arrangements.  The  casing  is  also  perforated  with  holes  to 
admit  the  handles  of  the  tangent  screws  and  the  pipes  of  the  bellows 
used  for  ascertaining  the  number  of  divisions  of  the  scale  correspond- 
ing to  a  known  tilt  of  the  instrument.     In  both  cases  provision  has  been 
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made  for  preventing  tremor  being  conveyed  to  the  instrument  by  the  use 
of  these  parts  of  the  apparatus,  the  whole  of  such  tremor  being  taken  up 
by  the  casing. 

The  scale  and  small  benzoline  illuminating  lamp  are  placed  at  the 
east  end  of  the  hut.  A  frame,  supported  in  a  horizontal  position  by  two 
strong  iron  feet  fixed  by  beds  of  cement  laid  on  the  rock,  is  traversed  by 
the  lamp-stand,  which  carries  an  index  along  the  edge  of  the  scale.  The 
readings  are  taken  when  the  image  of  a  wire  placed  vertically  in  front  of 
a  circular  hole  in  the  lamp- screen  coincides  with  the  vertical  wire  in  a 
fixed  theodolite.  The  scale  is  divided  into  millimetres,  and  the  effective 
length  of  it  traversed  by  the  index  is  382  mm.,  and  it  is  distant  10  feet 
(s  3,048  nmi.)  from  the  centre  of  the  instrument.  If  ^  be  the  distance  of 
the  lamp  from  the  point  of  the  scale  which  is  due  east  of  the  mirror, 
the  azimuth,  north  or  south  of  east,  of   the  normal  to  the  mirror  is 

Jtan"*-:.  .     When  Z=191    this  becomes   P  47'  35",  and  represents 

the  rotation  of  the  mirror  to  each  side  of  the  north  and  south  position 
within  the  range  of  the  scale.  When  the  rotation  exceeds  this  amount 
the  mirror  has  to  be  brought  back  to  its  north  and  south  position  by 
turning  the  long  handle  attached  to  the  southern  levelling  screw. 

The  plane  of  the  suspending  wire  is  in  the  east  and  west  direction 
with  the  longer  section  of  the  wire  toward  the  east ;  consequently,  as  the 
face  of  the  mirror  is  towards  the  east,  a  tilt  of  the  upper  support  of  the 
wire  towards  the  north  produces  a  corresponding  deflection  of  the  normal 
to  the  mirror  also  to  the  north ;  hence  tilts  in  the  north  and  south 
direction  only  are  measured  by  the  instrument. 

From  measures  of  the  dimensions  of  the  instrument  which  have  been 
supplied  by  Mr.  Horace  Darwin,  it  is  computed  that  the  movement  of 
the  lever,  attached  to  the  micrometer  screw  against  which  the  top  of 
the  frame  is  pressed,  through  the  fixed  amount  of  13  mm.  for  which  the 
apparatus  is  set,  produces  a  tilt  of  2 '01 6  seconds  of  arc  in  the  upper 
support  of  the  suspending  wire.  As  soon  as  the  pendulum  was  mounted 
experiments  were  made  to  ascertain  its  sensitiveness,  or  the  scale  value  of 
this  fixed  amount  of  tilt.  The  mean  of  nine  measures  taken  on  March  26 
gave  62-4  mm.  of  the  scale  =  2"-016.  This  was  considered  excessive, 
and  steps  were  taken  to  reduce  it  gradually.  The  mean  of  four  measures 
made  between  May  5  and  8  gave  21*2  mm.  =  2'''016.  Since  the  last  of 
these  dates  the  two  levelling  screws,  whose  combined  movement  alters 
the  sensitiveness,  have  not  been  interfered  with.  Observations  of  the 
sensitiveness  have,  however,  been  made  occasionally,  four  measures 
between  May  16  and  June  9  giving  19*3  mm.,  17'2  mm.,  20*0  mm.,  and 
23*7  mm.  respectively,  or  an  average  of  20*0  mm.,  equal  to  2"  01 6.  Since 
June  9  four  measures  have  been  made,  but  these  give  somewhat  anomalous 
and  as  yet  unexplained  results. 

In  the  absence  of  any  photographic  arrangement  for  giving  a  con- 
tinuous record  of  the  position  of  the  mirror,  it  has  been  decided  to  take 
readings  at  each  full  minute  from  five  minutes  before  to  five  minutes 
afte^  Paris  mean  noon  every  day.  This  has  been  carried  out  from 
May  26  up  to  the  present  time,  with  the  exception  of  a  few  days,  when 
the  readings  were  rendered  impossible  by  a  deposit  of  moisture  on  the 
mirror  window  or  other  cause.  These  observations  were  made  by  Mr. 
T.  Heath  and  Mr.  A.  J.  Ramsay. 

On  no  occasion  has  any  unsteadiness  or  oscillation  of  the  mirror  been 
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•observed,  though  a  slight  change  of  position  appears  to  take  place  daring 
the  time  of  observation,  owing  possibly  to  the  presence  of  the  observer  or 
the  heat  of  the  lamp.  ThiB  change,  however,  is  very  slight^  and  the 
mean  of  the  eleven  observations  of  each  set  is  taken  as  showing  the 
position  of  the  mirror  for  that  day  at  Paris  noon.  These  mean  scale 
readings  have  been  laid  on  a  curve  with  the  date  as  one  argument  and 
the  divisions  of  the  scale  as  the  other.  The  result  shows  that  the  mirror 
has  been  constantly  turning  in  azimuth  from  the  east  towards  the  north 
during  the  whole  period  over  which  the  observations  have  extended 
(May  26  to  July  31).  The  total  amount  of  this  movement  has  been 
617  mm.  on  the  scale  in  sixty-six  days,  or  an  angular  rotation  of  9^  37'  23" 
for  the  ray  falling  on  the  mirror  from  the  lamp;  which  is,  of  course, 
equivalent  to  an  angular  rotation  of  4^  48'  42"  in  the  mirror  itself. 

If,  now,  20  mm.  (s=2"'016)  be  taken  as  the  sensitiveness  of  the  instru- 
ment over  all  this  time — though  about  this  number  there  is  some  uncer- 
tainty— the  total  tilt  of  the  instrument  towards  the  north  appears  to  have 
been  filfty-two  seconds  of  arc  in  sixty rsix  days.  The  stability  of  the  nadir- 
point  of  the  mural  circle  in  the  adjoining  observatory  proves  that  this  tilt 
must  either  be  in  the  superficial  layer  of  the  rock  to  which  the  instrument 
is  attached  or,  which  is  far  more  probable,  in  the  pendulum  itself. 

The  experiments  confirm  the  results  obtained  elsewhere,  that  the 
instrument,  while  unfitted  to  show  the  slower  progressive  tilts  of  the 
oarth's  surface,  is  pre-eminently  suited,  by  its  great  sensitiveness  and 
momentary  stability,  for  the  indication  of  earth  tremors.  However,  to 
bring  out  the  full  powers  of  the  apparatus  it  is  obviously  necessary  to 
secure  a  continuous  photographic  record  of  the  position  of  the  mirror. 

M.  Antoine  d'Abbadie,  at  whose  cost  the  pendulum  was  supplied,  has 
eaused  simultaneous  observations  to  be  taken  with  his  '  nadirane '  at 
Abbadia  in  north  latitude  43°  22''8  and  longitude  7m.  Os.  west  of  Green- 
wich. The  readings  at  the  two  stations  have,  however,  not  yet  been  com- 
pared. 


The  Electrolytic  Methods  of  Quantitative  Analysis, — Bepmi  of  the 
Committee,  consisting  of  Professor  J.  Emerson  Reynolds  (Ghair- 
man),  Dr.  C.  A.  Kohn  (Secretary),  Professor  P.  Prankland, 
Professor  P.  Clowes,  Dr.  Hugh  Marshall,  Mr.  A.  E.  Fletcher, 
Mr.  D.  H.  Nagel,  Mr.  T.  Turner,  and  Mr.  J.  B.  Coleman. 

The  first  work  undertaken  by  the  Committee  has  been  the  compilation 
of  the  bibliography  of  the  subject,  with  which  some  progress  has  been 
made. 

In  addition,  the  plan  on  which  the  experimental  part  of  the  work  is 
to  be  carried  out  has  been  arranged.  This  is  to  include  the  investigation 
of  the  methods  for  the  determination  of  the  following  metals  :  silver, 
lead,  mercury,  bismuth,  cadmium,  tin,  antimony,  iron,  zinc,  manganese  ; 
and  subsequently  of  the  methods  for  the  separation  of  these  metals  both 
from  one  another  and  from  other  metals. 

This  is  all  the  Committee  undertook  to  do  when  they  were  appointed 
without  a  grant  of  money. 

They  now  ask  to  be  reappointed  and  with  a  grant  of  40/. 
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Bibliography  of  Spectroscopy. — 'Report  of  the  Committee^  coiisvitiTtg  of 
Professor  H.  McLeod,  Professor  W.  C.  Roberts  Austen,  Mr.  H. 
G.  Madan,  and  Mr.  D.  H.  Nagel. 

The  work  of  searching  for,  and  arranging  chronologically  under  proper 
heads,  the  titles  of  papers  on  subjects  relating  to  spectroscopy  has  been 
proceeded  with  by  the  Committee,  and  a  list  is  appended  which  brings  the 
catalogue  of  spectroscopic  literature  up  to  the  beginning  of  1894. 

It  will  be  a  subject  for  consideration  whether  the  reappointment  of 
the  Committee  would  be  advisable.  Considerable  difficulty  arises  in  find- 
ing any  one  who  can  gratuitously  devote  sufficient  time  to  the  work  of 
obtaining  and  verifying  references  to  papers,  and  who  possesses  at  the 
same  time  the  requisite  facilities  for  doing  so. 

In  the  meantime,  however,  the  Committee  ask  to  be  reappointed  for 
one  more  year. 

PAPERS  ON  SUBJECTS  CONNECTED  WITH  SPECTROSCOPY, 

ContintuUUm  of  the  lAit  published  in  the  Report  for  1889. 

[In  cases  where  it  has  not  been  foand  possible  to  verify  a  reference,  the  latter  in 
placed  in  brackets,  in  the  same  colamn  as  the  title  of  the  paper.  A  list  of  the 
chief  abbreviations  used  will  be  found  at  the  end  of  the  catalogue.] 

I. 


W.  Wernicke. 
N.  von  Konkoly 


INSTRUMENTAL. 

1881. 

Neues  FlOssigkeitsprisma  fiir 
Spectralapparate. 

Ein  kleines  Universalspectroscop 
(*  Centralzeitnog  f.  Opt.  u.  Mech.' 
1881.  No.  10). 


*  Zeitschr.  f .  Instrumenten- 
kunde/  i.  353-357. 

<  Zeitschr.    f.    Instramen- 
tenkunde/  i.  273. 


C.  Braun 


W.  E.  Wilson 


It  von  Kuvesligethy 


1891. 


1882. 

Stemspectralapparat  in  Verbln- 
dung  mit  einem  Colorimeter 
(» Centr.-Zeit.  f.  Opt.  u.  Mech.' 
1882,  No.  1). 

1883. 

Yerbessertes  Prisma  *tl  vision 
directe.'    (Read  April  23.) 


A  Reflecting  Spectroscope.  (Roy. 
Soc.  Dublin,  Nov.  19.) 

Ueber  ein  neues  Eolorlmeter,  zu- 
gleich  Spectralphotometer.  (*Cen- 
tralzeitung  f.  Opt.  u.  Mech.'  vi. 
56.) 


*  Zeitschr.  f .  Instrumenten- 

kunde,'il.lll-112(Abs.). 
148-149  (Abs.) ;  Beiblilt- 
ter,  vi.  230-231  (Abs.) 


'  Ber.  Erzb.  Hayna1d*schen 
Obs.  za  Kalocsa  in  Un- 
garn,*  1883.  13^-138, 
*  Zeitschr.  f.  *  Instrumen- 
tenkunde,'  vii.  399-400 
(Abs.)  ;  «  Beiblatter,'  xii. 
335-336  (Abs.) 

•  Nature,*  xxix.  167  (Ab?.) 
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A.  KoDig 


Koack 


IKSTBUMENTAL,  1885, 188G,  1887, 1888. 
1885. 


£in     nenes     Spectralphotometer. 
(Read  May  22.) 


Ein  einfaoher  Brenner  fur  mono- 
chxomatisches  Licht.  (*  Zeitschr. 
Eur  Forderung  des  phys.  Untcr- 
richts/  ii.  67-69.) 


•  Verb.  phys.  Gesellsch . 
Berl.'  III.  Jahrg.  50-53  ; 
•Nature,'  xxxii.  191-192 

(Ab6.) 

*  Belblatter,'  ix.  730 
(Abs.). 


L.  Respigbi    . 


C.  Braun 


1886. 

Sullo     8x>ettro8copio      obbiettivo. 
(Read  Dec.  5.) 


Projectirter  Halbprisma  •  Spectro- 
soop.  UniTersal-Stemspectroacop. 


*  Rend.  R.  Accad.  del  Lin- 
cei'  [4],  ii.  (2nd  sem.). 
315-821  ;*Beiblatt€r/xi. 
701  (Abs.) ;  « Nature/ 
XXXV.  405  (Abs.) 

*  Ber.  Erzb.  HaynahVschen 
Obs.  zu  Kalocsa  in  Un- 
gam,'  1886,  149-150, 
151-159; 'Zeitschr.  f.In- 
strumentenkundc,*  viii. 
288-289  (Abs.) 


O.  Tnmlirz 


C.  C.  Hutchins 


N.  von  Konkoly     . 


1887. 
Ein  einfacher  Apparat  zur  Demon- 
stration der  Umkehrung  der  Na- 
triumlinien.    (Feb.) 


A  New  Photographic  Spectroscope. 

(July). 

Ein  einfacher  Apparat  zum  Ablesen 
der  Spectrallinien  an  photogra- 
phirten  Spectren.    (Nov.) 


•Repert.  der  Phvs.*  xxiii. 
404-406 ;  *  Beibiiitter,*  xi. 
707  (Abs.);  'Zeitschr.  f. 
phys.  n.  chem.  Untcr- 
richt,'  33-34  (Abs.) 

•Amer.  J.  Sci.*  xxxiv.  58- 
59;  •  Phil.  Mag.'  [6],  xxiv. 
221-234. 

•  Centralzeitung  f.  Opt.  u. 
Mech.'  viii.  241-242 ; 
•  Beiblatter,'  xii.  45-4(> 
(Abs.) 


Th.W.Engelmann. 


H.  W.  Vogel 


1888. 

Ueber  ein   Spectroscop 
directe.*    (Jan.  1.) 


':\  vision 


Ein  Siderospectrograph.    (Feb.) 


Das  Microspectrometer.    (June) 


Universal-Spectralapparat.    (June) 


•Centralzeitung  f.  Opt.  u. 
Mech.'ix.  l-3;*neiblut- 
ter,'  xii.  G57  (Al)s.) 

•Centralzeitung  f.  Opt.  u. 
Mech.'  ix.  25-27 ;  *  Bei- 
bmtter;  xii.  335  (Abs.) 

•Zeitschr.  f.  wiss.  Micro- 
skopie.'      V.      289-296; 

•  Archives  N^erlandaises.' 
xxiii.  82-92;  'Beiblat- 
ter,'    xiii.    216    (Abs.); 

•  Zeitschr.  f .  physikal. 
Chem.'  ii.  862  (Abs.) 

•  Zeitschr.  f.  phys.  u.  chem. 
Unterricht,'  i.  231 ;  '  Uei- 
bUitter,'  xiv.  606  (Abs.) 
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Apparat  zor  Bestatigung  des  Snel- 
lins'schen  Brechnngsgesetzes,  und 
znr  Bestimmnng  des  Brechungs- 
exponenten  von  Fliissigkeiten. 
(Dec.) 


•  Zeitschr.  f .  phys.  u.  chem. 
Unterricht,'  ii.  162-165 ; 
*  Beibmtter/  xiv.  762 
(Aba.) 


J.  S.  Ames     . 
Prazmowski  . 

Ph.  Pellin      . 


G.  Hufner      . 
H.  Ebert 


N.  Piltschikoil 
H.  D6michel  • 

A.  Dupr6       • 


1889. 

The  Concave  Grating    in  Theory 
and  Practice.    (March  27.) 

Ein  Spectroscop.    (March)    . 


R^fractom^tre  de  M.  A.  Dnpr6. 
Appareil  pour  mesorer  les  indices 
de  refraction  des  liqnides  on  des 
gaz,  constmit  pour  le  laboratoire 
municipal  de  Paris.  (Read  April 
19.) 

Ueber  ein  neues  Spectrophoto- 
meter.   (June  28.) 

Optische  Mittheilungen.  1.  Ein 
Spectrograph  mit  einem  Hohl- 
Spiegel.  2.  Ueber  das  Absorptions- 
spectrum  des  lods.  3.  Ueber  das 
Leuchten  der  Flammen.  4.  Ueber 
die  Anwendung  des  Doppler'schen 
Brindpes  auf  leuchtende  Gas- 
molecOle.    (Read  July  7). 

R6fractomdtre  &  lentiUe  pour 
liquides.    (Sept.) 

Nouvel  appareil  pour  la  recomposi- 
tion  de  la  lumidre.    (Sept.) 

Un  rdfractom^rc.  (<  J.  de  phys. 
616mentaire;  1889, 177-182.) 


<Phil.  Mag.'  [5],  xxvii. 
369-384  ;*Beiblatter,'ziil. 
673  (Abs.) 

*  Zeitschr.  f .  Instrumen- 
tenkunde.*  ix.  106  (Abs.) ; 
'Beiblatter,'  xiii.  496- 
496  (Abs.) 

*J.dePhy8.'[2],viii.4n- 
415;  *Beiblatter,'xiv.35- 
36  (Abs.) 


*  Zeitschr.  f.  physikal. 
Chem.'  iii.  562-571. 

*  Sitzungsb.  phys.  -  roed. 
Gesellsch.  Erlangen,'xxi. 
1-8;  'Beiblatter,'  xiii. 
942-944  (Abs.);  •  Zeitschr. 
f.  physikal.  Chem.*  iv.  579 
(Abs.) 


'J.dePhys.'[2],viii.4i6- 
420. 

'La  Nature,*  xxxiii.  237- 
238 ;  *  Zeitschr.  f.  phys.  u. 
chem.  Unterricht,'  iii.  90. 


II.  Eriiss 

H.  d*Arsonyal 
H.Krii8B 


1890. 

Vorrichtung  zur  automatischen 
Einstellung  der  Prismen  eines 
Spectralapparates  auf  das  Mini- 
mum der  Ablenkung.    (March.) 

Snr  un  spectro-colorim&tre.  (Read 
April  18.) 

Spectralappcu^t  mit  automatischer 
Einstellung  der  Prismen.  (April.) 


'  Zeitschr.  f.  Instrumen- 
tenkundo,'  x.  97-100 ; 
« Beiblatter,'  xiv.  505-506 
(Abs.) 

*J.  Soc.  fran?.  de  phys.' 
1890,  109-110;  'Chem. 
News,'  Ixiv.  293  (Abs.) 

'Festschr.  d.  math.  Ge- 
sellsch. in  Hamburg,' 
1890,  II.  Theil,  153-158  ; 

*  Zeitschr.  f.  physikal. 
Chem.*   T.    285    (Abs.) ; 

*  Centralzeitung  f.  Optik 
u.  Mech.*  xi.  !  37-38 
(Abs.) 
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INSTBUMENTAL,  1890, 1891, 1892,  1893. 


0.  Lohfle 


F.  Scheincr    . 


P.  Glan 


S.  P.  Thompson 


Construction    eines    Stemspectro- 
graphen.    (April.) 


Apparat  zar  Verbreitung  von 
photographischen  Stemspectren. 
(May.) 

Einspectro-saccharimeter.   (Sept.) 


On  the  Use  of  Fluor  spar  in  Optical 
Instruments.    (Sept.) 


*  Centralzeitunjf  f.  Optik. 
u.  Mech.'  xi.  86-86  ; 
*  Beiblatter/  xiv.  688 
(Abs.) 

*Astr.  Nachr;  No.  2969, 
279-282;  'Nature,*  xlii. 
303  (Abs.) 

»Chem.  Zeit.'  xiv.  1306- 
1307;  'Zeitschr.  f.  anal. 
Chem.'  XXX.  212-214 
(Abs.) 

*Phil.  Mag.*  [5],  xxxi. 
120-123. 


L.  Macii 
C.  F6iy  . 

y.  Schumann 

E.  Pringsheim 

A.  Crova        • 

H.  E.  J.G.duBois. 

J.Scheiner    .        , 

C.  Fery  . 
II.  W.  Wiley 


1891. 

Ueber  ein  Interf  erenzref  ractometer. 
(Bead  Nov.  6.) 


Sur    un    nouveau    r^fractom&tre. 
(Read  Deo.  28.) 


Vacuumspectrographie  . 


1892 

Argandlampe  fur  Spectralbeobach- 
tuDgen.    (March.) 


Sur  la  mesure  optique  des  hautes 
temperatures.    (Read  April  19.) 

Ein  Intensivnatronbrenner.  (May.) 


Ueber  neuere  Spectroscopconstruc- 
tionen.    (Nov.) 


1893. 
Unr6fractomHre.  (Read  March  10.) 


Lamp  for  Constant  Monochromatic 
Flame.    (April  13.) 


*Sitzungsb.  Akad.  Wicn.' 
ci.  Ila.  6-10;*  Zeitschr.  f . 
Instrumenteukunde,'  xii. 
89-93. 

*C.  R.'  cxiii.  1028-1030; 
'Nature/  jC[v.  239-240 
(Abs.)  ;  *  Beiblatter/  xvi. 
273-274  (Abs.);  'Zeitschr. 
IphysikaLChem.*  ix.  757 
(Abs.) 

•  Chem.  News,'  Ixiv.  275 ; 
*  Beibiatter,*  xvi.  278 
(Abs.) 


*Ann.    Phys.    u.    Chem.' 
[N.F.],     xiv.     426-427 ; 

*  Zeitschr.    f .    phvsikal. 
Chem.'  ix.  766  (Abs.) 

'C.    R.'    cxiv.     941-943; 

*  Beibiatter,''   xvii.     316 
(Abs.) 

*  Zeitschr.   f.    Instrumen- 
tenkunde,'  xii.  le.'*-!*)?  ; 

*  Beiblfitter,'    xvii.    334- 
335  (Abs.)     • 

*  Zeitschr.    f.    Instrumen- 
tenkunde,*  xii.  365-374 ; 

*  Beiblatter;  xvii.   1051- 
1072  (Abs.) 


<  Bull.  soc.  cMim.  [3],  ix. 
244-248  ;  '  Keihlaiter,' 
xviii.  77-78  (Abs.) 

*  J.  Amer.  Chem.  Soc'  xv. 
121-123;  'Chem.  Cen- 
tralbl.'  1893,  II.  514 
(Abs.) 
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INSTBUMBNTAL,  1893, 1894— Ehisbion  Spectba,  1879, 1884, 1885. 


F.     Schmidt    and 
G.  Hausch. 


A.  Eonig 
Otto  Vogel 


E.  H.  Amagat  and 
F.  Jean. 


A.  E.  Tutton 


Nener     Helmholtz'scher    Farben- 
mischapparat.    (May.) 


Ein  neues  Spectralphotometer. 
(Read  Jane  17.) 

Ueber  die  Anwendung  der  Lencht- 
gassauerstoffflamme  zn  spectral- 
analytischen  Mineralnntersachun- 
gen.    (Sept.) 


Ein  Refractometer. 


1894. 

On  an  Instrnment  of  Precision  for 
producing  Monochromatic  Light 
of  any  desired  Wave-length, 
and  its  Use  in  the  Investigation  of 
the  Optical  Properties  of  Crystals. 
(Read  Feb.  1.) 


•  Zeitschr. .  f .  Instrti- 
mentenkonde,'  xiii.  200- 
20:4;  *  Beiblfitter,*  xviii. 
112-113  (Abs.) 

•Ann.  Phys.  u.  Chem.* 
[N.F.].  xM.  527  (Abs.) 

« Zeitschr.  f.  anorg.  Chero.* 
V.  42-62  ;  •  Ber.'  xxvi. 
(Ref),  1019-1020;  •Bci- 
blatter,'  •  xviii.  84-85 
(Abs.);  *J.  Chem.  Soc.* 
Ixvi.  II.  694-595  (Abs.) 

*  Zeitschr.  f.  anal.  Chem.* 
xxxii.  79  (Abs.);  'Dei- 
blatter/  XV.  33  (Abs.); 
•Chem.  News,'  Ixvii.  85 
(Abs.) 

*Proc.  Roy.  Soc*  Iv.  111- 
113  (Abs.) 


W.  W.  Jacques 


O.  Schumann 


C.  Piazzi  Smyth 


C.  Fi6vez 


P.  T.  CUve 


II. 

emission;  SPECTRA. 
1879. 

Distribution  of  Heat  in  the  Spectra 
of  vaiious  Sources  of  Radiation. 
(Presented  April  9.) 

1884. 

Ueber  die  Farbe  und  die  Helligkeit 
des  electrischen  Gliihli^tes. 
(May.) 


Micrometrical  Measures  of  Gaseous 
Spectra  under  High  Pressure. 
(Read  June  16.) 


Recherches  sur  le  spectre  de  car- 
bone  dans  Tare  61ectrique,  en 
rapport  avec  le  spectre  de  com^tes 
et  le  spectre  solaire.  (Read  Dec.  6.) 


Recherches 
(Feb.) 


1885. 
le 


Samarium. 


•Proc.  Amer.  Acad.'  [N.S.], 
vi.  142-163. 


*  Elect rotechnische  Zei- 
tung,'  V.  220-228 ;  *  Zeit- 
schr. fiir  Electrotechnik,' 
iv.  402  (Abs.)  ;  *  Beibliit. 

'ter,'viii. '532-533  (Abs.) 

•Trans.  Roy.  Soc.  Edinb.' 
xxxii.  415-460;  'Proc. 
Roy.  Soc.  Edinb.'  xii. 
696-702  (Abs.);  'Bei- 
blatter,'  ix.  421-422 
(Abs.),  X.  766-767  (Abs.) 

*  M6m.  Couronn^s,  Roy. 
Acad.  Belg.'  xlvii.  4  pp. ; 
'Beiblatter,'  ix.  631  (Abs.) 


*Bull.  Soc.  Chim/  [2], 
xliii.  161-172  :  •  Amer.  J. 
Sci.'[3],xxix.401(Abs.); 
•Chem.  News,'  li.  145 
(Abs.) 
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Emission  Speotba,  1885, 1886, 1887. 


C.  Fi6vei       • 


A.  F.  Sundell 


Fohr      • 


Recherches  but  le  spectre  da  car- 
bone  dans  Tare  ^lectrique,  en  rap- 
port avec  le  spectre  des  comdtes 
et  le  spectre  solaire.    (Feb.  7.) 

Spectxalversuche.    (May  26.) 


Ein  Beitrag  zar  quant  itativcn  Spec- 
tralanalyse.    (July  16.) 


•BulL  Acad.  Belg.'[3],ix. 
75-79  (Report  of  M.  Stas 
on  the  Paper). 


*Acta  Soc.  Scient.  Fenn.' 
(Helsingfors),  xv.  197- 
207;  'Beibiatter/  ix.  788- 
789  (Abs.) 

*  Chem.  Zeitung,'  ix.  1013- 
1014  ;  'Ber.*  xviii.  (Refe- 
rate),611  (Abs.) 


B.  Hasselberg 

E.  Goldstein  • 

V.  Schumann 
H.  Marwin     • 


1886. 

Sur  le  spectre  d,  bandcs  de  Fazote 
et  son  origine.    (Jan.) 

Emissionspectra    erster    Ordnung 
bei  den  Halo'iden.  (Read  March  5.) 

Das  zweite  Spectrum  des  Wasser- 
stoffs. 

Methode     zur     Darstellung    der 
Speotrallinien. 


<Mem.  Spettroscop.  Ital.* 
XV.  1-3 ;  *  Belbliitter/  xii. 
349  (Abs.) 

*  Verb.  phys.  Gesellsch. 
Berl.'v.  38-41  ;  *  Beiblat- 
ter/  xiv.  616-617  (Abs.) 

•Beiblatter/  x.  698-699 
(Abs.) 

'Latema  Magica/  iii.  6- 
7;  *Beiblatter/  x.  767 
(Abs.) 


H.  Deslandres 


G.  Mengarini . 


C.  Fi6vez 


A.  Griinwald . 


A.  F.  Sundell 


1887. 

Loi  de  repartition  des  raies  et  des 
bandes,  commune  il  plusieurs  spec- 
tres des  bandes.  Analogic  avec 
la  loi  de  succession  des  sons  d'un 
corps  solide.    (Read  April  4.) 

II  massimo  d'  intensity  luminosa 
dello  spettro  solare.  (Nota  I., 
read  June  12 ;  Nota  II.,  read  June 
19.) 

Nouvelles  recherches  sur  le  spectre 
du  carbone.    (Read  July  2.) 


Ueber  die  merkwfirdigen  Bezie- 
hungen  zwischen  dem  Spektrum 
des  Wasserdampfes  und  den  Lini- 
enspektren  des  Wasserstoffs  und 
Sauerstoffs,  sowie  iiber  die  che- 
mische  Struktur  der  beiden  letz- 
tem,  und  ihre  Dissociation  in  der 
Sonnenatmosphare.    (July  17.) 


Researches  on  Spectrum  Analysis. 
(July.) 


•C.  R.'  civ.  972-976; 
*  Zeitschr.  f.  physikal. 
Chem.'  i.  619  (Abs.) 


*  Rend.  R.  Accad.  d.  Liucci ' 
[4],  iii.  482-489, 566-573; 
•Beiblatter,'xi.705(Abs.) 

*  BuU.  Acad.  Belg.' [3].  xiv. 
100-107 ;  •  Beibliitter; 
xii.  102-103  (Abs.) 

*  Astr.  Nachr.'  cxvii.  199- 
214;  'Phil.  Mag.'  [5], 
xxiv.  364-367;  *Chem. 
News;  Ivi.  186-188.  201- 
202,  223-224,  232;  «J. 
Chem.  SdC.' Iii.  1070^1071 
(Abs.);  'Nature/  xxxvi. 
601-602 (Abs.);  *Am.  J. 
Sci.*  [3],  xxxix.  399 
(Abe.);  •  Beibiatter,'  xii. 
246-246  rAbs.)  ;  <  Zeit- 
schr. f.  physikal.  Chem.' 
ii.  38  (Abs.) 

*  Phil.  Mag.*  [6],  xxiv.  98- 
106. 
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E.  F.  J.  Love. 


U.  W.  Vogel  . 


\V.  H.  JuUus . 


Emission  Spectba,  1887, 1888. 

On  a  Method  of  Discriminating 
Heal  from  Accidental  Coincidences' 
between  the  Lines  of  Different 
Spectra :  with  some  Applications. 
(Read  Nov.  2G.) 


Photographischc  Aufnahme  des 
Saaerscoifspectriims  nnd  Vergros- 
serung  desselbens.  (Read  Dec. 
23.) 

Recherches  bolom^triques  dans  le 
spectre  infra-rouge. 


•  Proc.  Pbj's.  Soc*  ix.  91- 
100; 'PhU.  Mag.' [5],  XXV. 
1-6 ;  •  J.  Chem.  Soc.'  liv. 
542-643  (Abe.);  'Bei- 
blatter/  xii.  348-349 
(Abs.)  ;*Z6itschr.f.  physi- 
kal.  Chem.' ii.  447  (Abs.) 

« Verb.  phys.  Gesellsch. 
Berl.'  vi.  142  ;  •  Nature/ 
xxxvii.    ^1  (Abs.)    . 

<  Archives  N^crlandaiscs/ 
xxii.  310-383. 


A.  von  Oettingen 


J.  Trowbridge  and 
W.  E.  Sabine. 


H.  W.  Vogel 


G.  Govi  . 

B.  Lommel     . 

C.  Fievez 

H.  W.  Vogel  . 
H.  DesLindres 


H.  Kayser  and  C. 
Range. 


1888. 

Ueber      WasserstofiEknallgasexplo- 
sion.    (Read  Jan.  6.) 

Wave-lengths  of  Metallic  Spectra 
in  the  Ultra-violet.    (Read  Mar. 


Ueber  das  Spectrum  des  Cyans  und 
des  Kohlenstoffs.   (Read  April  5.) 


Dei  colon  invisibili  o  latent!  del 
corpi,    (P*ead  May  20.) 


Subjective  Interferenzstreifen  im 
objectiven  Spectrum.  (Read  June 
2.) 

Nouvelles  recherches  sur  Torigine 
optique  des  raies  spectacles,  en 
rapport  avec  la  th6orie  ondulatoire 
de  la  lumi^re.    (Read  June  8.) 

Spectroscopischc  Notizen.  (Read 
June  25.) 


Spectre.H  des  bandes  nltra-violettes 
des  m^talloides  avec  une  faible 
dispersion.    (July.) 


Ueber  die  Spectra  der  Elementen. 
(Read  July  26.) 


*  Verb.  phys.  Gesellsch. 
Berl.'  vii.  I  (Notice) ; 
« Nature/ xxvii.  311  (Abs.) 

*  Proc.  Am.  Acad,'  [N.S.], 
XV.  288-299;  •Phil.  Mag.' 
[6],  xxvi.  342-353;  •J. 
Chem.  Soc'  Ivi.  1-2 
(Abs.);  -Chem.  News/ 
Iviii.  237-239,  247-249; 
*  Beiblatter/  xiii.  382-383 
(Abs.) 

*  Sitzungsb.  Akad.  Berl/ 
1888,  623-628 ;  •  Ver- 
handl.  d.  phys.  Gesellsch. 
Berl.*  vii.  63-66 ;  *  Bei- 
blatter/ xii.  787-788 
(Abs.) ;  *  Nature/  xxxviii. 
72  (Abs.) 

*  Rend.  R.  Accad.  d.  Lincel/ 
iv.  672-677 ;  •Beiblatter/ 
xiii.  602-603  (Abs.) 

'Sitzungsb.  Akad.  Mun' 
Chen'  (1888),  319-320. 

•Bull.  Acad.  Belg.'  [3], 
xvi.  81-86  ;  « Beiblatter/ 
xii.  862-853  (Abs.) 


•Ber.'  xxi.  2029-2032; 
*  Zeitschr.  f .  •  physikal. 
Chem.'  ii.  655  (Abs.) 

•Ann.  Chim.  et  Phys.'  [6], 
XV.  1-86;  *  Zeitschr.  f .  phy- 
sikal. Chem.'  iii.  139 
(Abs.)  ;  *  Beiblatter/  viii. 
809-810  (Abs.) 

•AbhandL  Akad.  Berl.' 
1888, 93  pp. ;  *  Beiblatter/ 
xiU.  78-79  (Abe.) 
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REPOIiT — 180  k 


B.  L.  Nichols  and 
W.  S.  Franklin. 


J.  Janssen 


E.  Bndde 


V.  A.  Julius 


C.  Fifivez 


Emissun  Spectba,  1888, 1889. 

A  Spectrophotometric  Comparison 
of  Sources  of  Artificial  Illumlna- 
tion.    (Read  in  August.) 

Sur  Tapplication  de  Tanalyse  spec- 
trale  4  la  m^canique  mol^culaire, 
et  sur  les  spectres  de  Toxygdne. 
(Sept.) 

Ueber  eine  neue  Entdeckung  des 
Hrn.  Janssen,  welche  sich  auf 
das  Sauerstoffspectrum  bezieht. 
(Read  Nov.  16,) 


Over  de  lineaire  spectra  der  Ele- 
menten,  en  over  de  dubbellinien  in 
de  spectra  van  Natrium,  Magne- 
sium en  Aluminium. 


Sur  les  spectres  de  lignes  des  616- 
ments. 

Sur  les  raies  doubles  dans  les 
spectres  du  natrium,  du  magne- 
sium et  de  I'aluminium. 

Analyse  optique  de  la  flamme  d*une 
bougie. 


*Amer.  J.  Sci/[.^],xxxv'n. 
100-114;  » Nature,'  xl. 
404  (Abs.) 

*Brit.  Assoc.  Rep/  18S8, 
547-654;  •  Beiblatter,'xiv. 
617-618  (Abs.) 


*  Verb.  phys.  Qesellsch. 
Berl.'  vii.  89-96;  *r.ei- 
blatter,'  xiii.  501-502 
(Abs.);  'Nature,*  xsxix. 
168  (Abs.) 

•Natuurv.    Verb,    dtr    k. . 
Akad.  Amsterdam,'  xxvi. 
126  pp.  and  1 1  pp. ;  *  Hci- 
blatter,'     xiii.     49G-4UD 
(Abs.) 

*Ann.  de  T^cole  polvtcclu 
Delft,'  v.  1-80. 

*  Ann.  de  Tdcole  poly  tech. 
Delft,' V.  lia-128. 

'Annuaire  de  I'Obs.  de 
Bruxelles,'  1888, 568-575. 


H.  Kayser  and  G. 
Runge. 


J.  Trowbridge  and 
W.  C.  Sabine. 

»»  »i         • 


A.  E.  Bostwick 
•C  C.  Hntchins 


Gony 


G.  Magnaninl 


1889. 

Ueber  die  im  galvaniscben  Licbt- 
bogen  auf  tret  enden  Bandenspec- 
trum  der  Kohle.    (Head  Feb.  28.) 

On  tbe  Use  of  Steam  in  Spectrum 
Analysis.    (Feb.) 

"Wave-lengths  of  Metallic  Spectra 
in  the  Ultra-violet.    (March.) 

Preliminary  Note  on  I  he  Absorption 
Spectra  of  Mixed  Liquids.  (June.) 

Notes  on  Metallic  Spectra.  (June.) 


Sur  reiargissement  des  raies  spec- 
trales  des  m6taux.  (Read  June 
17.) 


Sullo  spettro  di    emissione  della 
ammoniaca.    (Read  June  2.) 


•Ann.  Phys.  u.  Chem.' 
[N.F.],  xxxviii.  80-90; 
'  Zeitschr.  f .  physikal. 
Chem.'  iv.  492  (Abs.) 

•Amer.  J.  Sci.'  [8],xxxvfi. 
114-116. 

•Chem.  News,*  Ivi.  237; 
*  Zeitschr.  f.  physikal. 
Chem.'  iii.  210  (Abs.) 

*  Amer.  J.  Sci.'  [3],  xxxvii. 
471-473. 

*Amer.  J.  Sci.'  [3],  xxxvii. 
474-476  ;*Phil.  Mag.' [5], 
xxviii.  73-76;  *  BeiblJiUer,' 
xiii.  883  (Abs.) 

•C.  R.'  cviii.  1236-1238; 
'Nature,'  xl.  216  (Abs.)  ; 
•Chem. News,' Ix. 8 ;  •Bei- 
blatter,'  xiii.  677-678 
(Abs.) 

•  Rend.  d.  R.  Accad.  d.  Lin- 
cei '  [4],  V.  1st  sem.  900- 
908;  •  Zeitschr.  f .  physikal 
Chem.' iv.  436-440  ;^Bei- 
blatter/  xiv.  118-119 
(Abs.);  'J.  Chem.  Soc.' 
Iviii.  97  (Abs.) 
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H.  Ebert 


A.  WuUner 


K.  R.  Koch    . 


C.  Piazzi  Smjrth 


T.  Thomas  and  C. 
Tr6pied. 


J.  R.  Rjdberg 

K.  Angstrom . 

H.  Moissan    • 
A.  WuUner    . 


H.  Kayser  and  0. 
Runge. 


R.  Hitchcock 

G.  Salet' 

A.  S.  Herschel 


Emission  Speotba,  1889, 1890. 

Optisohe  Mittheilungen.  1.  Ein 
Spectrograph  mit  einem  Hohl- 
spiegel.  2.  Ueber  das  Absorptions- 
spectram  des  lods.  3.  Ueber  das 
Lenchten  der  Flammen.  4.  tJeber 
die  Andwendnng  desDoppler^schen 
Principes  auf  leachtende  Gas- 
molecule.    (Read  July  7.) 

Ueber  den  allmahlichen  Uebergang 
der  Gasspectra  in  ihren  versobie- 
denen  Formen.    (Read  July  18.) 

Ueber  die  Spectra  der  Gase  bei 
tiefen  Temperaturen.    (Aug.) 


Re-ezamination  of  the  Spectra  of 
Twenty- three  Gas> vacuum  End- 
on  Tubes,  after  Siz  to  Ten  Years 
of  Existence  and  Use.    (Sept.) 

Sur  Papplication  des  hantes  tem- 
peratures ^Tobseryationdu  spectre 
de  lliydrog^ne.    (Read  Sept.  30.) 


Recherches  sur  la  constitution  des 
spectres  d'^mission  des  elements 
chimiques.    (Read  Nov.  12.) 

]E!tude  des  spectres  infra-rouges  de 
Tacide  carbonique  et  de  Pozyde 
de  carbone.    (Reed.  Nov.  13.) 


Sur  la  couleur  et  sur  le  spectre  du 
fluor.    (Read  Dec.  16.) 

Die  allmahliche  Entwickelung  des 
WasserstofEspectrums.  (Read  Dec. 
12.) 

Ueber  die  Spectren  der  Elementen. 
II.  Ueber  die  im  galvanischen 
Lichtbogen  auf  tretenden  Banden- 
spectren  der  Kohle.  (Pub.  at 
Berlin,  45  pp.) 

Spectrum  Photography  in  the  Ultra- 
violet (*  Amer.  Nat.  Acad.'  1889). 

1890. 

Sur  la  flamme  bleue  du  sel  marin, 
et  sur  la  reaction  spectroscopique 
du  chlorure  de  cuivre.    (Feb.) 

The  Spectrum  of  Subchloride  of 
Copper.    (March.) 


*  Sitzungsb.  pbys.  -  mcd* 
Gesellsch.  Erlangen,'  xxi* 
1-8;  *  Beiblatter,'  xiii* 
942-944(Abs.);  •Zeitschr 
f.  physikal.  Chem.'  iv.  579 
(Abs.) 


'Sitzungsb.  Akad.  Bert.* 
xxxviii.  793-812;  'Zeit- 
schr.  f .  physikal.  Chem.'  iv. 
587  (Abs.) 

'Ann.  Phys.  u.  Chem.' 
xxxviii.  213-216;  *J. 
Chem.  Sec'  Iviii.  318 
(Abs.) 

*Chem.  News,'lx.  223-224 ; 
•Brit.  Assoc  Rep.*  1889, 
490  (Abs.);  « Nature/ xJ. 
584  (Abs.) 

•C.R.'cix.  624-525;  'Na- 
ture,* xl.  588  (Abs.); 
•Chem.  News,'  Ix.  20H 
(Abs.);  'Beiblatter.'xiv. 
39-40  (Abs.) 

*  Handl.  Svensk.  Vet. 
Akad.*  (Stockholm),  xxi  ii. 
166  pp. ;  •  Phil.  Mag.*  [5], 
xxix.  331-337  (Abs.) 

*  Oefversigt  af  KongJ. 
Vet.  Akad.  Forhandl.' 
(Stockholm),  xlvi.  549- 
667. 

•CR/cix.  937-940; 'Na- 
ture,* xli.  214  (Abs.) 

'Sitzungsb.  Akad.  BerL' 
1889, 1113-1119. 


'  Beiblatter,*  xiii.  811-812 
(Abs.) 


« Nature,*  xl.  44  (title). 


'  Bull.  Soc.  chim.  fran^.' 
[3],  iii.  328-329 ; '  Chem. 
News,*  Ixi.  377  (Abs.) 

•Nature,*  xli.  513-614? 
•  Beiblatter/  xiv.  782 
(Abs.) 
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REPOKT — 1894. 


J.M.  Eder 


H.  Kayser  and  C. 
Bunge. 


J,  S.  Ames 


Q.  D.  Liveing  and 
J.  Dewar. 

V.  Schumann         • 


W.  H.  Julius  • 


Emibbion  Spbctba,  1890, 1891 

Ueber  das  sichtbare  und  ultra- 
violette  Emissionsspectrum 

schwachleuchtender  verbrennen- 
der  Eohlen  wasserstoff  e  (  Swan*sche 
Spectrum),  und  der  Ozyhydrogen- 
flamme  (Wasserdampfspectrum). 
(April.)  (Separate  publication, 
30  pp.) 

Ueber  die  Linienspectren  der  Al- 
kalien.  (Dritter  Abschnitt.) 
(Read  June  5.) 


On  some  Gaseous  Spectra— Hydro- 
gen, Nitrogen,    (July.) 

The  Spectroscopic  Properties  of 
Dust.    (Read  Nov.  20.) 

Latest  Researches  on  the  Photo- 
graphy of  Metallic  Spectra.  (Dec. 
19.) 

Die  Licht-  und  Warmestrahlung 
verbrannter  Gase. 


'Monatsh.  f.  Chem.'  xi. 
151-153  ;  *  Beiblatter.* 
xiv.  780-781  (Abs.) ; 
*  Zeitschr.  f .  physikfd. 
Chem.*  vii.  430-431 
(Abe.) 


'Abhandl.  Akad.  Berlin,' 
1890,  G6  pp. ;  '  Sitzungsb. 
Akad.  Berl.'  1890.  599- 
600 ;  *  Ber.'  xxiv.  [Ref.], 
253  (Abs.) ;  •  Phil.  Mag.' 
[5],  XXX.  203-204  (Abs.) 

*  PhU.  Mag.'  [6],  XXX.  48- 
58. 

•Proc.  Roy.  Soc.'  xlviiL 
437-440. 

•  Chem.  News,'  Ixii.  299. 


•  Gekronte  l^isarbeit 
des  Vereins  zur  Befor- 
derung  desGewerbfleisses 
in  Deutschland,'  1890, 26 
pp. ;  *  Beiblatter,'  xiv. 
602-615  (Abs.) 


A.  Bettendorf 


H.  Eayser     • 


0.  D.  Liveing  and 
J.  Dewar. 


H.  Kayser  and  C. 
Runge. 


H.  Deslandres 


W.  N.  HarU^ 


1891. 

Studien  fiber  die  Srden  desCerium- 
und  Yttrium-Gruppe.    (Jan.) 


Ueber  den  Ursprung  des  Banden- 
und  Linienspectrums.    (Jan.) 

On  the  Influence  of  Pressure  on  the 
Spectra  of  Flames.  (Read  Feb. 
19.) 


Ueber  die  Spectra  der  Elemente 
der  zweiten  Mendel^jeffschen 
Gruppe.    (Read  Feb.  19.) 


M6thode  nouvelle  pour  la  recherche 
des  bandes  faibles  dans  les  spectres 
de  bandes.    (Read  Mar.  31.) 


On  the  Physical  Character  of  the 
Lines  in  the  Spark  Spectra  of  the 
Elements.    (Read  April  16.) 


'Ann.  Chem.  u.  Pharm.' 
cclxiii.  164-174 ;  '  Chem. 
News,'  Ixiu.  159-160. 
172-173. 

•Ann.  Phys.  u.  Chem.' 
[N.F.],  xlii.  310-318. 

•  Proc.  Roy.  Soc.'  xlix.  217- 
227 ;  *  Chem.  News.*  Ixiii. 
143-145, 156-156  (Abs.); 
*  Zeitschr.  f.  physikal. 
Chem.'  viU.  332  (Abs.) 

•Ann.  Phys.  u.  Chem.* 
[N.F.],  xliu.  385-409  ; 
'Sitzungsb.  Akad.  Berl.* 
1891,  L  177-178  (Abs.); 
« Zeitschr.  f.  physikal. 
Chem.*  viii.  575  (Abs.) 

*C.R.'cxU.  661-663;*  Na- 
ture,' xUii.  552  (Abs.); 
•Chem.  News,'  Ixiii.  179- 
180  (Abs.) 

*  Proc  Roy.  Soc.'  xlix.  448- 
451 ;  *  J.  Chem.  Soc.'  Ixiv. 
IL  2-3  (Abs.) 
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Emission  Spxctba,  1891, 1892. 

W.  Crookes    .       .     On  Electrio  Evaporation.    (Becd. 
June  4.    Read  June  11.) 


E.  E.  firooks  .  .  On  Terminal  Spectra  of  Electrodes, 
observed  in  vacuo,    (July.) 

C.  Fiazzi  Smith  .  Beport  of  the  Committee  appointed 
to  co-operate  with  Dr.  G.  Fiazzi 
Smyth  in  his  Researches  on  the 
Ultra-violet  Rays  of  the  Solar 
Spectrum.    (Aug.) 

B.  Hasselbei^  •  Zur  Spectroscople  der  Yerbindun- 
gen.  Spectrum  der  Thonerde. 
(Bead  Oct.  14.) 

V.  Schumann  .  Vacuum  Spectro  -  Fhotography. 
(Dec.  4.) 


•Proc.  Boy.  Soc.'  1.  88- 
105 ;  *  Nature/  xllv.  212- 
215;  *  Chem.  News/ bdii. 
287-290. 

*Chem.  News,'  Ixiv.  30- 
31;  *Beiblatter/xvi.426 
(Abs.) 

'Brit.  Assoa  Bep.*  1891. 

147-148. 


*Handl.  E.  Svensk.  Vet. 
Akad.' (Stockholm),  xxiv. 
(45  pp.);  'Beiblatter/ 
xvii.  738-739  (Abs.) 

'  Chem.  News,*  Ixiv.  275. 


H.  Moissan    • 


J.  F&rry         • 

£.  L.  Nichols  and 

B.  W.  Snow. 

H.      Kayser      and 

C.  Runge. 


A.  Griinwald  . 


Lecoq     de      Bois- 
bandran. 

J.  Violle 


E.  Fringsheim 


Lecoq     de     Bois- 
baudran. 


1892, 

Determination  de  quelques  con- 
stantes  physiques  de  fluor. 
(Jan.) 

The  Spectrum  of  Iron  and  the 
Periodic  Law.    (Jan.  14.) 

The  Character  of  the  Light  emitted 
by  Glowing  Zinc  Oxide.    (Jan.) 

Ueber  die  Spectren  von  Eupfer, 
Silber  and  Gold.    (Read  Jan.  21.) 


Ueber  das  sogenannte  zweite  oder 
zusammengesetzte  Wasserstoff- 
spectrum  von  Dr.  B.  Hasselberg, 
tmd  die  Structur  des  WasserstoflS. 
I.  Theil.  Empirisch-Induction-Ab- 
theilung.    (Bead  Feb.  4.) 


Recherches  sur  le  samarium.  (Read 
March  14.) 

Sur  le  rayonnement  des  corps  in- 
candescents,  et  la  mesure  optique 
des  hautes  temperatures.  (Read 
Mar.  28.) 

Das  Kirchhoff'sche  Gesetz  and  die 
Strahlung  der  Gase. 


Sur   les   spectres   eiectriqnes    do 
gallium.    (Bead  April  4.) 


*  Ann.  de  Chim.  et  Phys.' 
[6],  XXV.  125-144  ;  » Na- 
ture;  xlv.  260  (Abs.) 

*  Nature,' xlv.  253-255. 

*  PhiL  Mag.'  [5],xxxiii.  19- 
28;  '  Beiblatter,' xvi.  427 
(Abs.) 

*Abhandl.  Akad.  Berlin/ 
1892  (3ft  pp.);  «Ann. 
Phys.  u.  Chem.'  [N.F.], 
xlvi.  225-243;  'Chem. 
News,'  Ixvii.  49  (Abs.) 

*SitzungBb.  Akad.  Wien,' 
ci.  II.  Abth.  121-254; 
<Monatshefte  f.  Chem.' 
xiii.  111-244 ;  '  Zeitschr. 
f .  physikal.  Chem.'  x.  668 
(Abs.) ;  *  Beiblatter,'  xvii. 
203-204(Abs.);  *  J.Chem. 
Soc'  IxU.  1351  (Abs.) 

*C.R.'cxiv.  572-677. 

*C.  R.'  cxiv.  734-736; 
•Beiblatter,'  xvii.  315- 
316  (Abs.) 


'Ann.  Phys.  n.  Chem.* 
IN.F.],  xlv.  428-459; 
•Nature;  xlv.  312  (Abs.) 

•C.  B.'  cxiv.  815-818; 
'Beibl&tter/  zvi.  532- 
533  (Abs.);  'J.  Chem. 
Soc.'  Ixii.  930  (Abs.) 
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REPORT — 1894. 


A.  Bettendorff 


B.  W.  Snow   . 


H.  Kayser  and  C. 
Runge. 

A.  Smithells  . 

J.  M.  Eder  and  E. 
Valenta. 


C.  Piazzi  Smyth 


G.  D.  Liveing 


L.  Arons        • 


B.  Brunbes     . 


W.  N.  Hartley 


G.    Kriiss   and  H. 
Kriiss. 


Emission  Spectra,  1892, 1893. 

Studien  fiber  die  Erden  der 
Cerium-  und  Yttrium-Gruppe.  III. 
Kathodsluminescenz  der  Gado- 
linerde.    (May.) 

Ueber  das  nltrarotbe  Emissions- 
spectmm  der  Alkalien.    (Jane.) 

Ueber  die  Speotren  von  Aluminium, 
Indium  und  Thallium.  (Read 
July  7.) 

Experiments  on  Flame  Spectra. 
(Read  Aug.  5.) 

Ueber  einige  neue  Linien  im  brech- 
barsten  ultravloletten  Emission- 
spectrum  des  metallischen  Cal- 
cium.   (Aug.) 

Second  Report  of  the  Committee 
appointed  to  co-operate  with  Dr. 
C.  Piazzi  Smyth  in  his  Researches 
on  the  Ultra-violet  Rays  of  the 
Solar  Spectrum.    (Aug.) 

Note  on  Plucker's  Statement  that 
he  has  discovered  the  Line  Spec- 
trum of  Oxygen  in  the  Oxyhydro- 
gen  Flame.    (Oct.) 

Ueber  einen  Quecksilberlichtbogen. 
(Read  Oct.  21.) 


Experience  sur  les  spectres  can- 
nel6s.    (Nov.) 


On  a  Method  of  Observing  the 
Spectra  of  easily  Volatile  Metals 
and  their  Salts,  and  of  Separating 
their  Spectra  from  those  of  the 
Alkalies.    (Read  Dec.  1.) 


Beitrage  zur  quantitativen 
tralanalyse. 


*Ann.  Chem.  u.  Pharm.' 
cclxx.  376-383  ;  *  Bei- 
blatter/  xvi.  744-745 
(Abs.) 

'Ann.  Phys.  u.  Chem.' 
[N.F.],  xlvii.  208-251; 
'Nature/  xlvii.  39  (Abs.) 

*Abhandl.  Akad.  Berlin/ 
1892  (28  pp.) 

» Brit.  Assoc.  Report/  1892, 
645-646. 

*  Denkschr.  Akad.  Wien/ 
1892,  262-253  ;*Beiblai- 
ter,'  xvii.  444  (Abs.) 

*Brit.  Assoc.  Rep/  1892, 
74-76  ;  *  Beiblatter,'  xvii. 
829-830  (Abs.) 


•Phil.  Mag,'  [5],  xxxiv. 
371-375  ;  'Beiblatter/ 
xvii.  925-926  (Abs.) 


*Ann.  Phys.  u.  Chem.* 
P^r.F.],  xlvii.  762-771; 
•  Nature,*  xlvii.  24  (Abs.) 

•J.  de  Phys.'  [2],  x.  508- 
512;  'Beiblatter/  xvi. 
435-436  (Abs.) 

*  J.  Chem.  Soc.*  Ixiii.  138- 
141  ;•'  Chem.  News/  Ixvi. 
313  (Abs.) 


'  Zeitschr.  f.  anorg.  Chem.* 
i.  104-125;  'J.  Chem.  Soc* 
Ixiv.  II.  283-284  (Abs.) 


J.  S.  Ames 


J.  M.  Eder  and  E. 
Valenta. 


H.  Wilde 


1893. 

On  the  Probable  Spectrum  of  Sul- 
phur.   (Jan.) 


Ueber  das  Emissionspectrum  des 
Eohlenstoffes  und  Siliciums. 
(Read  Jan.  19.) 

On  the  Spectrum  of  Thallium  and 
its  Relation  to  the  Homologous 
Spectra  of  Indium  and  Gallium. 
(Read  April  20.) 


'Astron.  and  Astrophys.* 
xii.  50,51;  'Beiblatter/ 
xvii.  827  (Abs.) 

♦  Denkschr.  Akad.  Wien,* 
Ix.  241-263;  'Beiblatter,* 
xviii.  753-756  (Abs.) 

•  Proc.  Roy.  Soc*  liii.  369- 
372;  'J.  Chem.  Soe.* 
Ixiv.  II.  626  (Abs.); 
'Beiblatter/  xvii,  1054 
(Abs.) 


Digitized  by  VjOOQIC 


ON  THE  BIBLIOGBAPHY  OF  SPECTROSCOPT. 


173 


V.  Schamann 


J.  M.  Eder  and  E. 
Yalenta. 

D.  Cochin 


£.  Fringsheim 
E.  Carrallo  . 
W.  N.  Hartley 


G.  D.  Liveing  and 
J.  Dewar. 


H.   Kayser  and  C. 
Range. 


J.  M.  Eder  and  E. 
Valcnta. 


B.  W.  Snow   . 
K  Carvallo    • 

J,  R.  Rydberg 


Emission  Spbctra,  1893. 

Ueber  die  Photographie  der  Licht- 
strahlen  kleinster  Wellenlangen. 
(AprU.) 


Ueber  das  ultraviolette  Linien- 
spectrum  des  elementaren  Bor. 
(Read  April  13). 

Sur  les  spectres  de  flammes  de 
qaelques  m6taux.    (Read  May  8.) 


Ueber  die  Strahlung  von  lithium, 
Thallium  und  Kalium.  (Read 
May  12.) 

Le  spectre  calorifique  de  la  fluorine. 
(Read  May  23.) 

Flame  Spectra  at  High  Tempera- 
tures.   (Read  June  1.) 


Spectra  of  the  Flames  of  some 
Metallic  Compounds.  (Read  June 
16.) 


Ueber  die  Spectren  von  Aluminium, 
Indium  und  Thallium.  (Read 
July  7.) 


Uober  den  Verlauf  der  Bunsen'schen 
Flammereactionen  im  ultravio- 
letten  Spectrum  von  Kalium, 
Natrium,  Lithium,  Calcium,  Stron- 
tium, Barium  und  das  Yerbin- 
dungsspectrum  der  Borsailre. 
(Read  July  6.) 

On  the  Infra-red  Spectra  of  the 
Alkalies.    (Jnly.) 

Le  spectre  calorifique  de  la  fluorine. 
(Read  Aug.  7.) 


Contributions  &  la  connaissance  des 
spectres  lin^aires.  (HI.)  (Read 
Oct.  11.) 


*  Sitsungsb.  Akad.  Wien.* 
cii.  IL  415-475,  625-694; 

•  Chem.  News,'  Ixviii.  46- 
47,66-57,63,81-82,100- 
101,  133,  168-159,  164- 
165,  180-181,  194-195. 
201,  229,  239-240,  252, 
262-263,  289-290,  301, 
Ixix.  9,  34  ;  •  Beibliitter,' 
xvui.  187-189  (Abs.) 

*  Denkschr.  Akad.  Wien,' 
Ix.  307-311  ;*Beiblatter,' 
xviii.  752-763  (Abs.) 

*C.  R.'  cxvi.  1065-1057; 

*  Chcm.  News,*  Ixvii.  265 
(Abs.);  *J.  Chem.  Soc.' 
Ixiv.  IL  402  (Abs.) 

*  Nature,*  xlvui.  144  (Abs.) 


*C.  R.*  cxvi.  1189-1191; 
'  Beibiatter,'  xvii.  917- 
918  (Abs.) 

*  Proc.  Roy.  Soc.*  liv.  5-7 
(Abs.)  ;  *  Nature,*  xlviii. 
166-166  (Abs.)  ;  *  Chem. 
News,*  Ixvii.  279  (Abs.) ; 
*  Beiblatter,*  xvii.  1055- 

1056  (Abs.) 

»  Proc.  Roy.  Soc.'  Hi.  1 17- 
123;  *J.  Chem.  Soc.' 
Ixiv.  IL  401-402  (Abs.) ; 
<  Beiblatter.*  xvii.  1056- 

1057  (Abs  ) 

*Abhand].  Akad.  Berl. 
1892,  28  pp.;  *Ann. 
Phys.  u.  Chem.*  [N.F.], 
xlviii.  126-149  ;  'J. Chem. 
boc*  bdv.  II.  313  (Abs.) 

'Denkschr.  Akad.  Wien,* 
Ix.  467-476. 


*  Phys.  Review,*  i.  28-50, 
95-97,  221-223. 

•C.  R.*  cxvii.  806-307; 
•Beiblatter,*  xvii.  1046- 
1047  (Abs.) 

•Oefversijrt  af  K.  Vet. 
Akad.Forh.*(Stockholm), 
1.  505-620. 
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Emission  Spectra,  1893, 1894— Absobftion  Spectra,  1878, 1880, 1881, 1883, 1884. 


J.  N.  Lockyer 


J.  R.  Rydbeig 


H.  Eayser  and  0. 
Range. 


B.  W.  Snow  . 
J.  N.  Lockyer 

A.  de  Gramont 

J.  Janssen      • 


The  Photographic  Spectmm  of 
Electrolytic  Iron.  (Read  Nov.  23.) 

Ck>ntribntion8  &  la  connaissance  des 
spectres  lindaires.  (IT.)  (Read 
Dec.  11.) 

Ueber  die  nitrarothen  Spectren 
der  Alkalien. 

1894. 

On  the  Ck>ntinaon8  Spectrum  of 
Sodium.    (Jan.) 

On  the  Photographic  Arc-Spectrum 
of  Iron  Meteorites.  (Read  Feb. 
16.) 

Sur  les  spectres  d*6tincelle  de 
qaelquesmin6raux.  (Read  April  2.) 

Sur  les  spectres  de  Toxyg^ne  portd 
auz  temperatures  61ev6es.  M6thode 
61ectriqne  pour  r^chauffement  des 
gaz.    (Read  April  9.) 


*  Proc.  Roy.  Soc*  liv.  359- 
361;  •Beiblfitter,*  xviii. 
337-338  (Abs.) 

•Oefversigt  af  K.  Vet. 
Akad.F5rh.X8toekholm), 
(1894),  1.  677-691. 

•Ann.  Phys.  u.  Chem.' 
[N.F.],  xlviii.  160-157. 


•Phys.  Review,'  i.  296- 
298. 

•Proc.  Roy.  Soc.Mv.  139- 
140  (Abs.);  'Chem. 
News,'  box.  89  (Abs.) 

•C.    R.'  cxviii.   746-748; 

•  Chem.     News,'     bcviii. 
192-193  (Abs.) 

•C.   R.'  cxviii.    767-769; 

•  Chem.  News,'  Ixix.  207- 
208  (Abs.) 


R.  Amory 


S.  P.  Langley 


W.C.Winlock 


IIL 

ABSORPTION  SPECTRA. 

1878. 

Theory  of  Absorption  Bands  in  the 
Spectrum,  and  its  bearing  in  Pho- 
tography and  Chemistry.  (Pre- 
sented Jan.  9.) 

On  certain  Remarkable  Groups  in 
the  Lower  Spectrum.  (Presented 
Oct.  7.) 

1880. 

On  the  Group  •  B  '  in  the  SoUr 
Spectrum.    (Presented  June  9.) 


•  Proc.       Amer.      Acad/ 
[N.S.]  V.  216-221. 


*  Proc.       Amer.      Acad.' 
[N.S.],  vi.  92-105. 


•  Proc.       Amer.       Acad.' 
[N.S.],  viii.  398-405. 


F.  Boas , 


H.  W.  Vogel 


E.  Schoene     • 


1881. 

BeitrSge  znr  Brkenntniss  der  Farbe 
des  Wassers.  (Inaug.-Dissert. 
Kiel.) 

1883. 

pectrographischer  Tergleich  von 
Sonnenlicht  nnd  Himmelslicht. 
(June.) 

1884. 

Spectrum  of  Ozone  and  the  Pre- 
sence of  Ozone  in  the  Atmosphere. 
(In  Russian.)    (Read  May  3.) 


•Beibmtter,'    v. 
(Abs.) 


797-799 


•Phot.  Mittheil.'  xx.*74; 
•  Beiblatter,'  vii.  600 
(Abs.) 


•J.  Russ.  Phy8.-Chem.  Soc.' 
xvi.  No.  7,  pt.  ii.  250-262 ; 
•J.  Chem.  Soc.'  xlviii. 
713  (Abs.) 
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Wl.  Tichomiroff  • 
N.  Egoroff  •  • 
A.  Tschirch    . 


W.  de   W.  Abney 
and  B.  Festing. 


P.  Sabatier    • 


W.  T^ube       . 


A.  H6DOoqne. 


F.  Stenger 


•        • 


W.  Bamsay    . 

K.  Olszewski 

W.  Crookes    . 
H.  Beoqnerel . 


Absobptiok  Spbct&a,  1886, 1886, 

1886. 

Zor  Frage  fiber  die  spectrosoopi- 
schen  Eigenschaften  des  Mutter- 
koms.    (Read  Jan.  21.) 

Das  Absorptionspectrnm  der  At- 
mosphftre.  (In  Russian).  (Read 
Sept.  24,  0.8.) 

TJntersuchungen  fiber  das  Chloro- 
phyll. 

Absorption-spectra  Thermograms. 
(Read  Jan.  16.) 


1886. 

Spectres  d'absorption  des  chro- 
mates  aloalins  et  de  Tacide  chro- 
mique.    (Read  July  6.) 


tJeber  einen  neuen  patholog^chen 
Hamfarbstoff.    (Not.) 


Lli^matoscopie,  m6thode  nouvelle 
d'analyse  du  sang,  bas6e  sur 
Temploi  dn  spectroscope.  (Read 
Nov.  2.) 

TJeber  die  Bedeutung  der  Absorp- 
tionsstreifen.    (Dec.) 


1887. 

XJndersdhning  af  pleokroismen  och 
Ijusabsorptionen  i  epidote  frSn 
Sulzbachthal.    (Read  Jan.  12.) 


TJeber  das  Absorptionsspectmm 
des  flUssigen  Sauerstoffs  und  der 
verfliissigten  Luft.  (Read  Jan.  20.) 


Genesis  of  the  Elements  (Lect. 
Roy.  Inst.  Feb.  18). 

Sur  les  variations  des  spectres 
d'absorption  du  didyme.  (Read 
March  14.) 


1887. 

•  Pharm.  Zeitschr.  fur 
Russland,  xxiv.  241-247. 

« J.  Russ.  Phys.-Chem.  Soc.' 
xvii.  [Phys.],No.  7,  p.  229. 

•  Chem.  Zeitung,'  ix.  1431 ; 

•  Zeitschr.  f .  anal.  Chem.' 
XXV.  279  (Abs.) 

•  Proc.  Roy.  Soc*  xxxviii. 
77-83  ;  *  J.  Chem.  Soc.' 
xlviii.  1175-1176  (Abs.); 

*  Beiblatter,*  xiv.  512 
(Abs.) 

•  Ann.  de  la  Facult.  des 
Sciences'  (Toulouse),  i. 
Dl-Dll;  «C.  R.'  ciii. 
49^62;  *Beibiatter,*  xii. 
194  (Abs.);  'XdePhys.' 
[2],  vi.  312-320  (Abs.) 

•  Archiv  f.  path.  Anat.  und 
PhysioV    cvi.    418-419; 

*  Zeitschr.  f .  anal.  Chem.' 
xxvi.  672  (Abs.)  ;  *  Chem. 
News,'  Ivii.  231  (Abs.) 

*C.     B.'     ciii.     817-820; 

•  Her.'  XX.  (Bel),  26  (Abs.) 


*  Botan.  Zeitung,'  1887, 120- 
126;  *Annuaire  Agron/ 
xiii.  175-176  (Abs.); 
•  Beibiatter,'  xi.  709-710 
(Abs.);  'J.  Chem.  Soc.' 
lii  693  (Abtf.) 


*  Bihang  till  K.  Svensk.Vet. 

Akad.  Handl.'  (Stock- 
holm), xiii.  1-46;  *  Zeit- 
schr. f.  Kryst.  u.  Min.' 
xiii.  97-134;  *  Beiblatter,' 
xii.  53-66  (Abs.) 

*Sitzungsb.  Akad.  Wien,* 
xcv.  II.  267-261 ;  »  Ann. 
Phys.  u.  Chem.*  [N.F.]. 
xxxiii.  570-676;  'Zeitschr. 
f.  physikal.  Chem.'ii.  348 
(Abs.) 

*  Proc.  Boy.  Inst.'  xii.  37- 
60;  'Chem.  News,'  Iv. 
83-88,  95-99. 

'0.  B.'  civ.  777-780; 
*  Zeitschr.  f .  physikal. 
Chem.'  i.  426  (Abs.) 
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A.  Tschirch    . 


C.  A.  MacmuDn 


G.  Kriias  and  L.  F. 
Nilson. 

J.  Reinke 


L.  Soret 


A.  E.  Nordenskiold 


O.  H.  Bailey  . 


J.  WoUheim 


Sczelkow 


F.  Stenger 


J.  Trowbridge  and 
W.  C.  Sabine. 


<3.  Linossier  . 


Absorption  Speotba,  1887, 1888. 

Untersuchungen  uber  das  Chloro- 
phyU.    (Read  March  16.) 


On   the    Chromatology    of    some 
British  Sponges.  (Read  March  12.) 

Stndien  iiber  die  Componenten  der 
Absorptionspectra  erzeugenden 
seltenen  Erden.  (Read  April  25.) 

Entsetzung  bez%lich  der  snbjec- 
tiven  Absorptionsbiinder. 

Absorption  des  raies  ultra- violettes. 
(Read  Ang.  10.) 

Om  ett  enkelt  forh&Uande  mellan 
v&gl&nddema  i  en  del  &mnens. 
spektra.    (Read  Sept.  14.) 

The  Absorption  Spectra  of  the 
Haloid  Salts  of  Didyinium.  (Read 
Sept.  6.) 


Die  Componenten  der  Absorption- 
spectra  erzeagenden  seltenen 
Erden.    (Oct.) 


Untersuchongen  iiber  den  Chloro- 
phyllfarbstoff.    (Nov.) 


Ein  Beitrag  znr  Spectrophotometrie 
des  Blates.    (Dec.) 


1888. 

Ueber  die  Qesetzmassigkeiten  im 
Absorptionsspectrum  eines  Kor- 
pers.    (Jan.) 


The  Selective  Absorption  of  Metals 
for  Ultra-Violet  Light.  (Pre- 
sented Mar.  14.) 


Sur  la  recherche  spectroscopiqoe  da 
sang.    (Read  March  24.) 


I 


•  Ber.  d.  bot.  Gesellsch.'  v. 
128-135;  »Chem.  Cen- 
tralbl.'  1887,  669  (Abs.)  ; 
*  J.  Chem.  Soc.'  lii.  1116- 
1117  (Abs.) 

*J.  Physiol.'  ix.  U25 ; 
*J.  Chem.  Soc.'  liv.  619- 
620  (Abs.) 

'Ber.*  XX.  2134-2171; 
'  Zeitschr.  f .  physikal. 
Chem.'  ii.  108  (Abs.) 

» Bot.  Zeitung/  1887,  271- 
275; '  Beibiatter;  xi.  709- 
710  (Abs.) 

*Arch.  de  Geneve,'  xviii. 
344-346 ;  •  Beiblatter,' 
xii.  246-247  (Abs.) 

*Oefversigt  af  K.  Vet. 
Akad.  Forhandl.'  (Stock- 
holm), xliv.  471-478. 

*Brit.  Assoc.  Rep.*  654- 
655  (Abs.);  *  Nature/ 
xxxvi.  670  (Abs.)  ;  *  Bei- 
biatter/  xiii.  815  (Abs.) 

♦Ber.'xx.  2769-2770,  3325- 
3327;  *  Zeitschr.  f.  phy- 
sikal. Chem.'  ii.  261,  348 
(Abs.) 

*  Bot.  Centralblatt;  xxxii. 
310-313;  'Annuaire 
Agron.*xiv.  141-143;  *J. 
Chem.  Soc.'  liv.  723-724 
(Abs.) 

*Arch.  f.  d.  gesammte 
Physiol.'  xli.  373-378: 
*Ber.'  xxi  (Ref.),  746 
(Abs.) 


*Ann.  Phys.  u.  Chem.' 
[N.F.],  xxxiii.  677-586; 
*  Zeitschr.  f.  physikal. 
Chem.'  ii.  44  (Abs.) 

*  Proc.  Amer.  Acad.'  [N.S.]. 
XV.  299-300;*  Phil.  Mag.' 
[5],xxvi.316-317;*Chem. 
News,'  Iviii.  216 ;  »  Bei- 
blatter,'  xiii.  18  (Abs.) 

•Bull.  Soc.  Chim.'  xlix. 
691-694; 'J.  Chem.  Soc' 
lix.  1139-1140  (Abs.); 
»Chem.  News,'  Iviii.  37 
(Abs.) 
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AB80BPTI0N  Sfeotba,  1888, 1889. 


&.  Kriifla 

J.  Wollheim  . 
O.  Liebermann 


O.  D.  Liveing  and 
J.  Dewar. 


K.  Katayama 
B.  Hasselberg 

F.  B.  Pitcher . 

W.  P.  Mason  . 
O.  A.  Bfacmunn 
Ferry  de  la  Bellone 
L.  Hermann  . 

P.  Schottl&nder 

W.  Grosse 
W.  Zopf 


J.  Trowbridge  and 
W.  G.  Sabine. 
1894. 


Beziehang  zwischen  die  Znsam- 
mensetznng  nnd  Absorptions- 
spectmm  organischer  Yerbindan- 
gen.    (May.) 

TJeberdiephotographiscben  Eigen- 
schaftendesChloropbyli.  (Jt^y.) 

tJeb^  die  Spectra  der  Aether  der 
Ozyanthrachinone.    (Aug.) 

The  Absorption  Spectmm,  Lumi- 
nous and  Ultra- Yiolet,  of  Large 
Masses  of  Oxygen.    (Sept.) 

Ueber  eine  nene  Blntprobe  bei  der 
Eohlenoxydvergiftnng.    (Oct.  2.) 

Untersnchnngen  uber  das  Absorp- 
tionspectrum  des  lodgases. 
(Read  Nov.  1.) 


The  Absorption  Spectra  of  certain 
Blue  Solutions.    (Nov.) 


Fatal  Poisoning  by  Carbon  Mon- 
oxide. (Chanusteristic  absorp- 
tion spectrum  of  blood.)    (Dec.) 

On  the  Hasmatoporpbyrin  of  Sole- 
eurtus  ttrigiUatut, 

Nouveau  procMd  pour  d^couvrir 
les  taches  de  sang  (*  R^p.  de 
Pharm.') 

Notiz    betreffend    das    reducirte 
H&moglobin. 


1889. 

Yorschlag  zur  Abftnderung  des 
Spetroakops  zur  Bestimmung  des 
Extinktionskoefficienten  '  absor- 
birender  Eorper  nach  Yierordt's 
Methode.    (Jan.) 

Ueber  Messungen  der  Lichttrans- 
mission  und  Lichtabsorption. 
(Jan.) 

Ueber  Pilifarbstoffe.    (Fob.) 


On  the  Use  of  Steam  in  Spectrum 
Analysis.    (Feb.) 


•  Zeitschr.     f .     physikaU 
Chem.'  ii.  310-337. 


*  Phot.  Mittheil.'  xxv.  113, 
114;  *Beiblatter,'xU.  856 
(Abs.) 

•Ber.*  xxi.  2627;  'Zeit- 
schr. f.  physikal  Chem.' 
ii.  967  (Abs.) 

'  PhU.  Mag.*  [6],xxvi.  286- 
290 ;  *  Zeitschr.  f .  phy- 
sikal. Chem.'ii.862(Ab6.) 

*  Arch,  f .  Anat.  u.  Physiol.' 
cxiv.  63-64 ;  *  Chem. 
News,'  Ixi.  241. 

*  M6m.  de  TAcad.  Imp.  des 
Sciences  de  St.-Plters- 
bourg,*  xzxvi.  No.  17,  50 
pp. ;  *  Nature,'  xxxix.  618 
(Abs.) 

*  Amer.  J.  Sci.'  [3],  xxxvi. 
332-336 ;  *  J.  Chem.  Soc* 
Ivi.  326  (Abs.) ; » Nature,' 
xxxix.  70  (Abs.);  'Bei- 
blatter.'  xiii.  218  (Abs.) 

*  J.  Amer.  Chem.  Soc.'  x. 
176-178;  »Chem.  News,' 
lix.  260-261. 

*  J.  Physiol.'  viii.  384-390; 
*  J.  Chem.  Soc'  liv.  304- 
306  (Abs.) 

*  J.  de  Pharm.'  [5],  xvii. 
263-255;  ♦J.  Chem.  Soc.' 
Uv.  1140  (Abd.) 

*Arch.  f.  d.  gesammte 
Physiol.'  xliii.  436 ;  •  Ber.' 
«xii.  (Ref.),  595  (Abs.) 


*  Zeitschr.  f.  Instrument 
tenkunde,'  ix.  98-101 ; 
'  Beibmtter,'xiii.  672-673 
(Abs.) 

•Zeitschr.'  f.  Instrumen- 
tenkunde,*  ix.  1-9 ;  *  Bel- 
blatter,'  xiii.  679  (Abs.) 

» Bot.  Zeitung,'  1889,  53- 
61,69-81,85-92;*  Chem. 
Centr.'  [4],  i.  291-293 
(Abs.);  *J.  Chem.  Soc' 
Ivi.  919  (Abs.) 

*  Phil.  Mag.'  [5],  xxvii.  1 39- 
141. 

N 
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H.  Beoqnerel  • 


W.  J.  Bnssell  and 
W.  J.  Onman. 


0.  Fi6v6z  and   S. 
van  Anbel. 


B.  Bambeiiger  and 
F.  Bordt. 


O.  D.  Liveing  and 
J.  Dewar. 


A.  Bab^s 


Q,  Magnanini 


A.  E.  BoBtTtick  . 


H.  Ebert 


O.    Erass  and  H. 
Moraht. 


li.  Althansse  and 
G.  Krfiss. 


Absobption  Spbctra,  1889. 

Sor  lea  spectres   d'absorption  de 
r6pidote.    (Bead  Feb.  11.) 


The  Relation  of  Ck)balt  to  Iron  as 
indicated  by  their  Absorption 
Spectra.    (Read  Feb.  7.) 

Note  snr  rintensit6  lominense  des 
bandes  d'absoiption  des  liqaides 
colore.    (Read  Feb.  2.) 


Weitere  BeitiSge  zur  Kenntniss  des 
a-Tetrahydronaphtylamins.  (Reed. 
March  11.) 

Notes  on  the  Absorption  Spectra 
of  Oxygen  and  some  of  its  Com- 
pounds. (Reed.  May  23.  Read 
June  6.) 


Note  sur  quelques  mati&res  colo- 
rantes  et  aromatiques  produites 
par  le  baciUe  pyooyanique.  (Read 
June  22.) 

Sullo  spettro  di  absorbimento  del 
cloruro  di  nitrosile.  (Read  June 
2.) 


Preliminary  Notice  on  the  Absorp- 
tion Spectra  of  Mixed  Liquids. 
(June.) 

Optische  Mitlheilungen.  1.  Ein 
Spectrograph  mit  einem  HoU- 
spiegel.  2.  Ueber  das  Absorptions- 
spectrum  des  lods.  3.  Ueberdas 
Leuchten  der  Flanimen.  4.  Ueber 
die  Anwendung  des  Doppler^schen 
Prindpes  auf  leuchtende  Gas- 
moleciile.    (Read  July  7.) 

Zur  spectrocolorimetrischen  Eisen- 
besw.  Rhodan-Be8timmung.(Rc»Eul 
Aug.  6.) 

Besiehung  zwischen  Zusammen- 
setzung  und  Abeorptionsspec- 
trum  organischer  Yerbindnngen. 
(Read  Aug.  6.) 


•C.  R.'  cviU.  282-284; 
'  Beiblatter,'  xiii.  680-681 
(Abs.) 

*  Proc.  Chem.  Soc.'  No.  62, 
14-16;  'Nature/  xxxix. 
453-464  (Abs.) ;  '  Chem. 
News/  lix.  93-94  (Abs.) 

•Bull.'  Acad.  Belg.'  [3], 
xvii.  102-104 ;  « Arch,  de 
Geneve/  [3],  xxi.  231- 
234;  'Beiblktter/  xui. 
601  (Abs.) 

•Ber.*  xxU.  626-634;  'J. 
Chem.  Soc'  Ivi.  715-717 
(Abs.) 

*  Proc.  Roy.  Soc.'  xlvi.  222- 
230;  'Nature/  xl.  212- 
214;  *Beiblgtter/  xiii. 
946-947  (Abs.);  'Ber.' 
xxiii.(Bef.),4(Abs.);«J. 
Chem.  Soc.'  Mii.  675 
(Abs.) 

•C.R.delaSoc.biol.'[9], 
i.  438-440;  'J.  Chem. 
Soc.'  Iviu.  189-190  (Abs.) 

*  Atti  d.  R.  Ace.  d.  Linoei/ 
Rend.  [4],  v.  (Ist  sem.), 
908-911;  •Zeitschr.  t  phy- 
sikaL  Chem.'  iv.  427-428 ; 
•Ber/  xxiii.  (Ret),  171 
(Abs.);  *J.  Chem.  Soc.' 
MiL  97  (Abs.); 'Beiblat- 
ter,' xiv.  619  (Abs.) 

*  Amer.  J.  Sd.'  [3],  xxxvii. 
471-478  ;  *  Beibl&tter/ 
ziu.  814-816  (Abs.) 

*  Sitzungsb.  phys.  -  med. 
Gesellsch.  Erlangen/xxi. 
1-8;  'Beiblatter/  xiii. 
942-944(Abs.):  'Zeitschr. 
f .  phydkal.  Chem.'  iv.  679 
(Abs.) 


<Ber/  xxii.  2054-2060; 
•Zeitschr.  f.  physikaL 
Chem.'  iv.  685  (Abs.); 
•  Beiblatter/ xiv.  40  (Abe.) 

•Ber/  xxU.  2066-2070; 
•Zeitochr.  f.  physikal. 
Chem.' iv.  685  (Abs.); 'J. 
Chem.  Soc.'  In.  1093- 
1094  (Abs.);  'Chem. 
News/lx.  240-241  (Abs.); 
Ixi.  209  (Abs.);  Beiblftt- 
ter/  xiii.  946^46  (Abs.) 
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AfiSOBPTION  SPBOTBA,  1889, 1890. 


L.  Maoohiati . 


K.   Henmaim  and 
H.  Rey. 


J.  L.  Soret  and  A. 
RiUiet. 


F.  Schutt 


T.  L.  Patterson 


O.  HOfner 


T.Aiaki 


• 


C.  Michie  Smith    . 

€.  Liebermann  and 
F.  Haber. 

H.  W.  Vogel  . 
B.  Haaselberg 

W.  N.  Haiilej 


Die   Farbstoffe   der   Zapfen   von 
AMe$  esteelta.    (Not.) 


Ueber  Farbstoffe  aus  der  Gnippe 
der  Benzelne.    (Reed.  Nov.  14.) 


1890. 

Recherches  sor  Tabsorption  des 
rayona  ultra-violets  par  diverses 
substances.    (Read  Jan.  20.) 


Ueber  PeridineSnfarbstoffe.    (Jan.) 


The  Quantitative  Estimation  of 
Colouring  Matters  by  means  of 
their  Ab^rption  Spectra.    (Jan.) 

Ueber  das  Gesetz  der  IMasociation 
des  Oxyhemoglobins  und  fiber 
einige  sioh  daran  Icnflpfende 
wichtige  Fragen  aus  der  Biologie. 
— Ueber  die  Bedentong  der  in  der 
vorigen  Abhandlung  voigetrage- 
nen  Lehre  fiir  die  Spektroskopie 
und  Photometrie  des  Blntes. 
(Feb.) 

Ueber  den  Blutfarbstoff  nnd  seine 
naheren  Umwandlungsprodncte. 
(March.) 


On  the  Absorption  Spectra  of 
certain  Vegetable  Colouring 
Matters.    (Read  March  17.) 

Ueber  Bidioxymethylenindigo. 
(Reed.  May  24.) 

Ueber  farbigo  GlSser  fOr  Dunkel- 
kammerfenster.    (May.) 

Untersuchungen  iiber  die  Absorp- 
tionsspectrum  des  Broms.  (Read 
Oct.  8.) 


The  Spectra  of  Blue  and  Yellow 
Chlorophyll,  with  some  Observa- 
tions on  Lieaf-Green.  (Read  Nov. 
20.) 


<Natarw.  Rondsohan,'  Iv. 
608 ;  •  Chem.  Centr.*  [4], 
U.Bd.  i.  164  (Abe.);  «J. 
Chem.  Soc.'  Iviii  pt  i. 
641^42  (Abs.) 

'Ber.'  zxii.  8001-3004; 
*  Beiblatter/  xiv.  281 
(Abs.) 


'  Ardhiv  de  Geneve/  zziii. 
5-69 ;  *  Rev.  g6n6rale  des 
Sciences/  i.  67  (Abs.); 
<Chem.  News,'  bdi.  202 
(Abs.) 

*  Ber.  d.  deutsch.  hot.  Ge- 
sellsch.'  viii.9-32;  *Chem. 
Centr.'  [4],  ii.  767-768 
(Abs.);  *J.  Chem.  Soc.' 
IviU.  1172-1173  (Abs.) 

'J.  Soc.  Chem.  Industr.' 
iz.  36-41;  <Zeitsohr.  f. 
anaL  Chem.'  zzzi.  192 
(Abs.) 

*Arch.  f.  Anat.u.  Physiol.' 
1890  (Physiol.  Abth.).  1- 
80 ;  <  Zeitschr.  f .  physikaL 
Chem.'  V.  86  (Abs.) 


'  Zeitschr.  f .  physiol. 
Chem.'  zliv.  405-416; 
'Zeitschr.  f.  anal.  Chem.' 
xxix. 787 (Abs.); 'Chem. 
News,*  hdv.  113  (Abs.) 

'Proc.  Roy.  Soc.  Edinb. 
xvU.  121-137;  •  Nature. 
zU. 673  (Abs.);  «Beiblat. 
ter,'  xiv.  619  (Abs.) 

*Ber.'  xxiii.  1566-1667; 
•J.Chem.Soa'lviU.1140 
(Abs.) 

*  Phot.  Mittheil.'  xxvii.  61- 
62 ;  <  Beiblatter,'  xiv.  704 
(Abs.) 

<Handl.  K.  Svensk.  Vet. 
Akad.'  (Stockholm),  xxiv. 
(53  pp.);  •  BeibUtter,' 
xviu.  339  (Abs.) 

•J.  Chem.  Soo.'  liz.  ]p6- 
124;  'Nature,'  xlui.262 
(Abs.) 
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REPORT — 1894. 


H.  Bremer 


H.  Rigollot 


K.  Olszewski  . 


J.  Conroy 


T.  L.  Phipson 

G.  Hufner  and  E. 
Albrecht. 

G.  Eriiss 


W.  M.  Watts . 
J.  G.  Macgregor 

E.  Schanck    . 
E.  Vogel 


R.  E.  Schmidt  and 
L.  Gattermann. 

0.  Enoblanch 


G.  Magnanini 


Absobption  Spectra,  1890, 1891. 

Einfluss  der  Temperatur  gefSrbter 
Losongen  auf  die  Absorptions- 
spectrum  desselben.  (Inangaral- 
Dissertation,  Erlangen,  1890.) 

1891. 

Bur  les  spectres  d'absorption  des 
solutions  d*iode.    (Read  Jan.  5.) 


<  Zeitschr.     f .     phyirikal. 
Chem.'  viu.  430  (Abs.) 


Ueber  das  Absorptionsspectmm 
und  iiber  die  Farbe  des  fliissigen 
Sauerstoffes.    (Read  Jan.  20.) 


On  the  Change  in  the  Absorption 
Spectrum  of  Ck>balt-Gla8S  pro- 
duced by  Heat.    (Read  Feb.  13.) 

Palmelline  andAspergilline.  (March 
27.) 

Ueber  die  Durchlassigkeit  des 
Wassers  fiir  Licht  von  verschie- 
dener  Wellenlange.    (March.) 

Beitr&ge  sur  Chemie  des  Erbiums 
und  Didyms.  (I.)    April.) 


Index  of  Spectra    .... 

On  the  Variation  with  Temperature 
and  Concentration  of  the  Absorp- 
tion Spectra  of  Aqueous  Solutions 
of  Salts.    (Read  May  29.) 

Contributions  to  the  Chemistry  of 
Chlorophyll.  PartlV.  (Read  June 
18.) 

Ueber  die  Lage  der  Absorption- 
streifen  and  Lichtempfindlichkeit 
organischer  Farbenstoffe. 

Ueber  Ozyderivative  des  Alizarin- 
Blau. 


Absorptionsspectralanalyse 
verdOnnter  Losungen. 


sehr 


Sul  potere  assorbente  del  sail 
colorati  in  rapporto  colla  disso- 
ciazione  elettrolitica.  (Read  Nov. 
22.) 


*C.  R.'  cxii.  38-40;  'Na- 
ture,' xliii.  264  (Abs.); 
•Chem.  News,'  Ixiii.  50 
(Abs.) ;  » Zeitschr.  f .  phy- 
sikal.  Chem.'  vii.  335 
(Abs.) 

<  Bull,  intemat.  de  I'Acad. 
des  Sciences  de  Craoovie,* 
1891,No.  1.44-46; 'Ann. 
Phys.  u.  Chem.'  [N.F.], 
xlii.  662-666 ;  •  Phil.  Mag.' 
[51,    xxxi.    447    (Abs.); 

*  Nature,'  xliii.  498  (Abs.) 

•Phil.  Mag.' [61  xxxi. 317- 
320 ; « Proc.  Phys.  Soc.'  xi. 
103-106;  'Chem.  News,' 
Ixiii.  105  (Abs.) 

•Chem.  News,' Ixiii.  165. 

•Ann.  Phys.  u.  Chem.' 
[N.F.],  xlii.  1-17  ;  •  Na- 
ture,' xliii.  620  (Abs.) 

•Ann.  Chem.  a.  Pharm.' 
cclxv.  1  -  27 ;  •  Chem. 
News,'  Ixiv.  66-66,  76- 
76,99-101,  120-121. 

•Phil.  Mag.' [6], xxxi.  486 
(Review). 

•  Proc.  and  Trans.  Roy.  Soc. 
Canada,'  ix.  Sect.  III.  27- 
41 ;  •  Zeitschr.  f .  physikal. 
Chem.'  X.  430  (Abs.) 

•  Proc.  Roy.  Soc.'  1.  302- 
317 ;  *  J.  Chem.  Soc.'  hdv. 
I.  41-42  (Abs.) 

•Ann.  Phys.  n.  Chem.' 
[N.F.].    xliii.     449-492; 

•  Zeitschr.  f .  physikal. 
Chem.'  viu.  669  (Abe.) 

•  J.  prakt.  Chem.'  xliv.l  03- 
109 ;  •  Chem.  News,'  Ixiv. 
261  (Abs.) 

•Ann.  Phys.  u.  Chem.' 
[N.F.],  xliii.  738,  783; 
•Chem.  News,'  Ixiv.  120 
(Abs.) 

<  Rend.  R.  Aocad.  d.  Lincei,' 
vii.  II.  366-363;  '  Bei- 
blatter,'  xvi.  427-428 
(Abs.) 
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B*  Bremer 


tJeber  den  Binflnss  der  Tempera- 
tnr  gefarbter  Loenngen  ani  die 
Absorptionsspectren  deaselben. 
(Inang.-Diflsert.  Erlangen,  1891.) 


*  Zeitschr.  f.anorg.  Ghem.' 
i.ll2-122(AbB.);'Chem. 
News;  Levi.  41-42  (Aba.) 


W.  L.  Dudley 

A.  H.  Church. 

E.  L.  Nichols  and 
B.  W.  Snow. 

W.  Merkelbach 
A.  Bnin . 
T.  Ewan 

A.  B.  Griffiths 


G.  D.  Liveing  and 
J.  Dewar. 


J.  Jane£ek     . 


G.  Bider 


O.  Hammarsten 


J.  JaneSek 


1892. 

The  Colours  and  Absorption  Spectra 
of  Thin  Metallic  Films,  and  of  In- 
candescent Vapours  of  the  Metals ; 
with  some  Observations  on  Elec- 
trical Volatility.    (March.) 


Researches  on  Turacin. 
(Read  April  28.) 


Part  II. 


On  the  Selective  Absorption  of  Light 
by  Optical  Glass  and  Calo  Spar. 
(April.) 

Zur  Absorption  des  Lichtes  duroh 
Katriumdampf.    (June.) 

Note  sur  le  spectre  d'absorption 
des  grenats  almandines  rouges  de 
Ceylan.    (Read  July  7.) 

The  Absorption  Spectra  of  some 
Copper  Salts  in  Aqueous  Solution. 
(July.) 

Sur  la  mati^re  colorante  du  micro- 
cooom prodigiomi,  (Read  Aug.  8.) 

Spectrum  of  Liquid  Oxygen,  and 
Refractive  Indices  of  Liquid 
Oxygen,  Nitrous  Oxide,  and  Ethy- 
lene.   (Aug.) 

Die  Grenzen  der  Beweiskraft  des 
Hamatinspectrums  und  der  Ha- 
minkrystsdle  (Teichmann's  Eiys- 
talle)  filr  die  Anwesenheit  von 
Blut.    (Separate  publication.) 

Ueber  das  spectrosoopische  Ver- 
halten  des  Blutes,  nach  Aufiiahme 
von  sch&dlichen  Gaaen,  und  eine 
Methode  diese  Veranderung  fiir 
gerichtliche  Zwecke  objectiv  zur 
Darstellung  zu  bringen. 

Ucber  den  Nachweis  von  HSmato- 
porphyrin  im  Ham. 


Gerichtlich-chemischer 
von  Bint.  _ 


Nachweis 


» Amer.  Ohem.  J.'xiv.  185- 
190;  *Chem.  CentralbL 
1892,  n.  2a-24  (Abs.) ; 
'Beibiatter/  xvii,  123 
(Abs.) 

*Proc.  Roy.  Soc'  li.  899- 
400  (Abs.);  «J.  Chem. 
Soc.*lxiv.  I.,184(Abs.) 

« Phil.  Mag.*  [5],  xxxi.  379- 
382;  •  Beiblatter,'  xvi. 
(Abs.) 

'  Zeitscl^'.  f .  phys.  u.  chem. 
Unterr.'  v.  263;  'Bei- 
biatter,*  xvii.  564  (Abs.) 

•Arch,  de  Geneve*  [3], 
xxviii.  410-412;  •Bel- 
blatter/  xvii.  336  (Abs.) 

*PhU.  Mag.'  [6],  xxxiii. 
317-342;  *  Zeitschr.  f. 
physikaL  Chem.'  ix.  760 
(Abs.) 

*  C.  R.*  cxv.  321 ;  *  Chem. 
News,*  Ixvi.  149-160 
(Abs.) 

*Phil.  Mag.'  [6],  xxxiv. 
206-209 ;  •  J.  Chem.  Soc.* 
Ixiv.  II.  201-202  (Abe.)  ; 
•Beibiatter;  xvu,  121- 
322  (Abs.) 

•  Chem.  CentralbL'  1892,  i. 
507-608  (Abs.);  'J. 
Chem.  Soc'  Ixii.  1169- 
1170  (Abs.)- 

<Arch.  de  Pharm.*  ocxxx. 
609-^40 ;  •  Ber.*  xxvi. 
(Ref.i  248^249  (Abs.) 


•Skand.  Archiv  f.  Phy- 
siol.' ill.  319;  'Zeitschr. 
f .  anal.  Chem.'  xxxi.  233- 
235  (Abs.);  «J.  Chem. 
Soc.'  Ixii.  1136  (Abs.) 

'Zeitschr.  f.  anal.  Chem.' 
xxxi.  236^37  (Abs.); 
<Chem.  News,'  Izvi.  32 
(Abs.)  , 
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Absobptiok  Spiotba,  1892, 1893. 

W.  H.  Jiiliiis  •       •     Bolometrisoh   onderaoek  van  ab- 
florptiespectra. 

P.  Dittrich     •       •     Das   Spectram   des  Meth&moglo- 
binB. 


V.  Svejoar  •  •  Das  nmgekehrte  Katriamspectnim 
('  Zeitschr.  math.  phys.  Bohm.'  zzi. 
238.) 

K.  Ingstrom  •  .  XTntersQchnngen  fiber  die  spectasle 
Yertheiloiig  der  Abdoiption  im  in- 
frarothen  Spectram  (*  Physikal. 
Revue;  i.  597-623). 

C.  Grebe        •       •     Ueber  Azof arbeDspectra . 


'  Verfaandl.  K.  Vet.  AfauL 
Amsterdam/  i  1-49. 

<Arcb.  f.  en>er.  Pathol, 
n.  Pharmakol.'  zzix.  247 ; 
*  Zeitschr.  f.  anal.  Ghem.* 
zzxi  693  (Abs.) 

« Beibiatter/  x?L  [82] 
(title). 

'  Beibl&tter/  xvu.  332-334 
(Abs.) 


<  Zeitschr.     f .     physikal. 
Chem.'  X.  673-698. 


F.  Zeochini    • 


W.  Lapraik    •       • 


E.    XngstrSm  and 
W.  Palmer. 


E.  L.  Nichols  • 


G.  Magnanini  and 
T.  Bentivoglio. 


B.  Vogel 


C.  Oamichel  •       • 


G.  P.  Menegazzi 


G.  KrOsB 


1893. 

Snl  potere  rifrangente  del  fosforo. 
II.  Potere  rifrangente  degli  acidi 
del  fosforo  e  dei  loro  sali  sodici. 
(Read  Jan.  8.) 

Ueber  die  Absorptionsspectra  eini- 
ger  Chromverbindongen.  (Mar.) 


Le  spectre  infra-rouge  du  chlor,  et 
de  Tacide  hydrochlorique.  (Read 
June  7.) 

A  Study  of  the  Transmission  Spectra 
of  certain  Substances  in  the  Infra- 
Red.    (July.) 

Intomo  alio  spettro  di  absorbimento 
delle  soluzioni  di  alcuni  chromoos- 
salati  della  serie  bleu.  (Read 
July  2.) 

Ueber  die  Lage  der  Absorptions- 
streifen  und  Lichtempfindlichkeit 
organischer  Farbstoffe.    (July.) 


Sur  Vabsorption  de  la  lumiftre  dans 
le  brome  liquide.    (Read  Aug.  7). 


Spectroscopic  Researches  on  Blood 
which  has  been  decomposed  by 
the  action  of  Poisonous  Gases 
(*  Instit.  chim.  pharm.  d.  R.  Accad. 
di  Padova,  Lavori,'  1892-3). 

Ueber  die  Erbinerde      •        • 


*  Rendic  R.  Accad.  Roma ' 
[6],  ii.  1st  sem.  31-38. 


•J.  prakt.  Chem.*  [2], 
xlvu.  306-342;  'Bei- 
biatter; zvii.  660-662 
(Abs.);  «J.  Chem.  Soc.' 
Ixiv.  II.  313-314  (Abs.) 

<Oefvers]gt  af  K.  Vet. 
Akad.  Fdrh.'(Stockholm), 
1893,  389-396;  'Bei- 
biatter; zYiii.  87  (Abs.) 

•Phys.  Review/  i.  1-18; 
*Beibmtter;  zvii.  1062 
(Abs.) 

<  Rendic.  R.  Accad.  Roma ' 
[6],  u.  2nd  sem.  17-23. 


•Ann.  Phys.  u.  Chem.' 
[N.F.],  xliU.  449-472; 
'Chem.  News,*  Ixvii.  61 
(Abs.) 

•  C.  R.»  cxvii.  307-309 ;  *  J. 
Chem.  Soc'  bdv.  IL  661 
(Abs.);  •  Nature,* xlviu. 
384  (Abs.) 

'  Ber.'  xxvii.  (Ref.),  272- 
273  (Abs.) 


Zeitschr.  f.  anoig.  Chem.' 
iU.  363-369;  'J.  Chem. 
Soc.' lxiv.,n.  376.  (Abs.) 
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Absobptioh  Spbotsa,  1893, 189i— Phtbioal  Rblatioks,  1878, 1881, 1883, 1884. 


E.   Hofmann 
G.  ErOfls. 


and 


P.  Dittrioh  and  T. 
Aiaki 


F.  Strove 


G.  B.  Bizzo    • 


G.  S.  HaU 


8.  P.  Langley 


A.  G.  BeU 


S.  P.  Langley 


G.  Bnzzolini 


A,  Abt   . 


A.      Konig 
C.  Dieterici. 


G.  Sieben 


and 


Ueber  die  Holminerde 


Das   Spectrum  des  Methamoglo- 
blns. 


Zor  gerichtlich-cbemischen  Unter- 
sacbang  verdachtiger  Flecken  aof 
Blut. 

1894. 

Salle  proprieta  delle  Unee  e  delle 
bande  negU  spettri  d'assorbimento. 


IV. 

PHYSICAL  BELATIONS. 


1878. 


ColouT  -  Perception. 
Mar.  14.) 


(Presented 


1881. 

The  Bolometer  and  Badiant  Energy. 
(Bead  Jan.  12.) 


Upon  tbe  Production  of  Sound  by 
Badiant  Energy.  (Read  April 
21.) 

1883. 

Experimental  Determination  of 
Wave-Lengths  in  the  Invisible 
Prismatic  Spectrum.    (April.) 

Sulla  condicione  di  Tninim^  e  mas- 
sima  deviazione  d'  un  raggio  che 
attraversa  un  prisma.    (Oct.) 

Beobachtung  dunkler  Interferenz- 
streif en  im  Spectrum  des  weissen 
Lichtes  ('Naturwiss.  Ver.  zu 
Elausenberg,'  1883, 165). 

1884. 

Die  Empfindlichkeit  des  Auges  f  iir 
Wellenmngenunterschiede  des 
Lichtes.  (Part.  L  read  Feb.  22; 
P^rt  II.  read  March  7.) 

Ueber  die  Abhangigkeit  der 
Brechungsexponenten  anomaldi- 
spergirender  Medien  von  der 
Concentration  der  Losung  und  der 
Temperatur.    (April.) 


*  Zeitschr.  f .  anorg.  Chem/ 
iii.  407-414 ;  <  J.  Chem. 
See.'  bdv.  n.  466-467 
(Abs.) 

*  Arch.  1  exper.  Pathol,  n. 
Pharmakol.'  xxix.  247; 
'  Zeitschr.  f .  anal.  Chem.' 
xxxi.  593  (Abs.) ;  *Chem. 
News,'  Ixvii.  61  (Abs.) 

'Zeitschr.  f.  anal.  Chem.' 
xxxii.  174-178;  *Chem. 
News/  Ixvii.  308-309. 


*I1  nuovo  cimento*  [3], 
XXXV.  132-136;  •Chem. 
News/  Ixix.  222-223 
(Abs.) 


•  Proc.  Amer.  Acad.*  [N.S.]. 
V.  402-413. 


*  Proc.  Amer.  Acad.'  viii. 
342-358 ;  '  Ann.  Chim.  et 
Phys.'  [6],  xxiv.  276- 
284;'Amer.  J.  Sci.'  [3], 
xxi.  187-198  (Abs.) 


'Amer.J.Sci.' 
490;  *PhiL 
510-628. 


■3],xxi.463- 

klag.'[6].xi. 


'  Mem.  Nat.  Amer.  Acad.' 
(Washington),  ii.  149- 
162. 

*  Biv.  Sc.  Industr.*  xv.  302- 
306. 

•Belblatter,'  vii.  899-901 
(Abs.) 


*  Verb.  phys.  GreseUsch. 
Berl.'  iii.  7-10;  16-16; 
*  Nature,'  xxix.  496,  568 
(Abs.) 

'Ann.  Phys.  u.  Chem.' 
[N.F.],  xxiii.  312-343. 
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KEPORT— 1894. 
Physioal  Relations,  1884, 1885, 1886. 


Ueber  die  photQgraphische  Anf- 
nahme  farbiger  Korper  in  den 
richtigen  Helligkettsverhaltnissen. 
(Read  May  23.) 

Ueber  die  bisher  gemachten 
Bestimmungen  der  Wellenlangen 
einfacher  complementarer  Farben. 
(Read  June  13.) 


'Verb.  pbjs.  Gesellsch. 
Berl.'  ill.  28^32;  'Na- 
ture/ XXX.  188  (Abs.) 

<  Verb.  phys.  Gesellsch. 
Berl.'  iii.  37-39;  » Na- 
ture,* XXX.  308  (Abs.) 


J.  M.  Eder 


H.  Kayser 


J.  H.  Gladstone 


S.  P.  Langley 


A.  Eonig 


1885. 

Ueber  den  Gesicbtsinn  der  Zulu- 
Eaffern.    (Read  Feb.  13.) 

Spectrograpbische  Untersucbung 
von  Normal- Licbtquellen  und  die 
Brauchbarkeit  der  letzteren  zu 
photocbemiscben  Messungen .  der 
Lichtempfindlichkeit.  (Read  April 
2J.) 

Ueber  verscbiedene  Arbeiten  fiber 
Beziebungen  zwischen  den  Spec- 
trallinien.    (Read  June  11.) 

On  the  Specific  Refraction  and  Dis- 
persion of  the  Alums.  (Read 
June  27.) 

Observations  of  Invisible  Heat 
Spectra,  and  the  Recognition  of 
hitherto  Unmeasured  Wave- 
Lcngths.    (Aug.) 


Ueber  einen  Fall  patfaologisch  ent- 
standener  Violettblindheit.  (Read 
Nov.  6.) 


» Verb.  Gesellsch.  phys. 
Berl.'  iv.  15-17;  » Na- 
ture,' xxxi.  476  (Abs.) 

'Sitzungsb.  Akad.  Wien,*^ 
xci.  II.  1097-1102; 
*Monatsh.  f.  Chem.*  vi. 
363-368;  *  Wiener  Anz.' 
1885,  93  (Abs.) 

'  Verb.  phys.  Gesellsch. 
Berl.*  iii.  55  (notice) ; 
» Nature,'  xxxii.  312  (Abs.) 

'  Proc.  Phys.  Soc'  vii.  194- 
200;*Phil.  Mag.'[5],xx. 
162-168. 

'  Proc.  Amer.  Assoc'  xxxi  v. 
55-75;  *Phil.  Mag.'  [5], 
xxL  394-409;  ♦Amer. 
J.  Sci.'  [3],  xxxi.  1-12; 
*  Nature,'xxxiii.426  (Abs.) 

*  Verb.  phys.  Gesellsch. 
Berl.' iv.  65-69;  *Nature,' 
xxxiii.  288  (Abs.) 


A.  £.  Dolbear 


A.  Eonig 


W.  Ramsay 


P.  Garbe 


1886. 

On  the  Conditions  that  determine 
the  Length  of  the  Spectrum. 
(Presented  Feb.  10.) 

Ueber  weitere  Beobachtungen  an 
elncn  durch  Alkoholismus  ge- 
storten  Farbensystem.  (Read 
April  2.) 

Methode  zur  Bestimmung  der 
Brechungsexponenten  in  Priamen 
mit  groBsen  brechenden  Winkeln. 
(Bead  June  9.) 


Kechcrohes  exp6rimentale8  sur  le 
layonnement.  (Th^e  de  docto- 
rac,  91  pp.,  Paris,  1886.) 


*  Proc.  Amer.  Acad.' [N.S.]> 
xiii.  361-362. 


'  Verb.    phyg.    Gresellsch. 
Berl.'  V.  58  (notice). 


*Bihang  till  E.  Svensk. 
Vet.  Akad.  Handl.'  xii, 
Afd.  II.No.  4  (18  pp.),- 
•Zeitschr.  f.  Eryst.  u. 
Min.'  xii.  209-221 ;  *  Bei- 
blatter,'  xi.  439-440 
(Abs.) 

*  J.  de  Physique,'  V.  245- 
268  (Abs.);  *  Beiblatter,* 
xii.  342-344  (Abs.) 
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O.  Lommer 


B.  Nasini 


C.  E.  af  Klercker  . 
W.  de  W.  Abney   . 

W.  von  Bezold 

H.  W.  Vogel 
H.  A.  Rowland 

L.BeU   . 

A.  Konig 
H.  Dufet 


n  • 


J.  W.  Brubl 


A.  E.  Nordenskiold 


Physical  Relations,  1887. 
1887. 

Ueber  eine  neae  Methode  Meter 
and  Kilogiamm  za  yergleichen, 
die  Wellenlange  als  Urnormale 
einzufiihren,  und  iiber  hydro- 
statiBcbe  W&gnngen.  (Read  Jan. 
21.) 

Salla  refrazione  molecolare  delle 
sostanze  organicbe  dotate  di 
forte  potere  dispersivo.    (Jan.) 

Sur  la  dispersion  anormale  de  la 
lumi^re.    (Read  Feb.  9.) 


Sunlight    Colours. 
Inst.,  Feb.  26.) 


(Lect.     Roy. 


Ueber  eine  neue  Methode  zur  Zer- 
legungdes  weissen  Lichtes  inCom- 
plementenfarboQ.  (Read  Mar.  4.) 

Ein        Mischfarben-Ezperiment. 
(Read  Mar.  4.) 

On  the  Relative  Wave- Lengths  of 
the  Lines  of  the  Solar  Spectrum. 
(March.) 

The  Absolute  Wave-Length  of  Light. 
Parts  LIL    (April.) 


Ueber  Newton's  Gesetz  der  Farben- 
mischung.    (Bead  May  6.) 

Sur  les  volumes  mol6culaires  et 
rdnergie  refractive  des  phos- 
phates, ars6niates  et  hypophos- 
phates  de  sonde.    (Read  May  20.) 


fitudes  ezp^rimentales  sur  la  dis- 
persion des  axes  d*61asticit6  op- 
tique  dans  quelques  cristauz  clino- 
rhombiques.    (Read  July  21.) 

Ueber  den  Einfluss  der  einfachen 
und  der  sogenannten  mehrfachen 
Bindung  der  Atome  auf  das  Lic^t- 
brechungsvermogen  der  Edri>er. 
(July.) 

Sur  un  rapport  simple  entre  les 
longueurs  d'onde  des  spectres. 
(Read  Nov.  21.) 


*  Terh.  phys.  Gesellsch. 
Berl.'  vi.  6-11 ;  *  Nature,* 
xxzv.  432  (Abs.) 


*Rend.  R.  Accad.  d. 
Lincei*  [4],  iv.  128-133, 
164-172; » Zoitschr.  f .  phy- 
sikal.Chem.M.422(Ab8.) 

*  Ofversigt  af  Kongl. 
Svensk.  Vet.  Akad.  For- 
handl.  Stockholm,'  1887, 
No.  2,  39  (title  only). 

•  Proc.  Roy.  Inst.'  xii.  61- 
71 ;  *  Nature,'  xxxv.  498- 
501;  •  Beibiatter,'  xii. 
350-351  (Abs.) 

•  Verb.  phys.  Gesellsch. 
Berl.'  vi.  28, 

*  Verb.  phys.  Gesellsch. 
Berl.'  vi.  28-29. 

•Phil.  Mag.'  [6],  xxiii. 
257-266. 


'  Amer.  J.  Sci.'  [3],  xxxv. 
265-282,347-367;  *Phil. 
Mag.'  [5],  XXV.  246-263, 
350-372;  'Nature,' xxxvii. 
623  (Abs.) 

•  Verb.  phys.  Gesellsch. 
Berl.'  vi.  55  (notice). 

•J.  Soc  fran^.  de  Phys.' 
1887,  117-428;  'J.  de 
Phys.'  [2],  vL  301-312; 
*  Ber.'  XX.  (Referate), 
530  (Abs.);  'Beibiatter,' 
xiii.  701-703  (Abs.) 

*  Bull.  Soc.  Min.  de  France,^ 
X.  214-230;  'Beibiatter; 
xii.  530  (Abs.) 


*  Zeitschr.     f.    physikal. 
Chem.'  i.  807-361. 


« C.  R.'  cv.  988-995 ;  '  Zeit- 
schr. f.  physikal.  Chem.' 
ii.  246  (Abs^  ^ 
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Nanny  Lagerboig 


H.Sbert 


PHYBICA.L  Relations,  1887, 1888. 

fitndes  snr  Ia  variation  des  indices 
de  Infraction  et  de  la  density  da 
Bel  gemme  sons  rinflnencede  la 
temperature.    (Read  Dec.  14.) 

Ueber  den  Einflnss  der  Schwellen- 
werte  der  Lichtempfindong  auf 
dem  Character  der  Spectra.  (Dec.) 

Ueber  den  Einfloss  der  Dicke  und 
Helligkeit  der  strahlenden  Schicht 
auf  das  Anssehen  des  Spectrams. 
(Dec.) 

Empfindlichennd  bequeme  Methode 
txa  Messnng  der  Fortpflanznngs- 
geschwindigkeit  des  Lichtea. 


*  Bihang  till  Kongl. 
Svensk.  Yet.  Akad.  Hand- 
Ungar,'  ziii.  Af d.  I.  No.  10 
(12  pp.);  'Beiblatter/ziu. 
490-491  (Abs.) 

•Ann.  Phys.  n.  Chem.' 
[N.F.],  xnili.  136-156 ; 
<  Zeitschr.  f .  phjrsikal. 
Chem.'  u.  250  (Abs.) 

'Ann.  Phys.  a.  Chem.' 
[N.F.],  xxxiu.  155-158. 


'Tageblatt  d.  GOyersammt. 
d.  deutsche  Naturf.  and 
Aerzte  za  Wiesbaden ' 
(1887),  42;  •  Natare,' 
zzzvii.  328  (Abs.) 


E.  Bertrand  • 
T.  Pelham  Dale 

A.  Kondt  • 
K.  Feossner  • 

P.  Simon  • 
H.  Deslandres 
E.  Blasias  • 
8.  P.  Langley 
J.  Eanonnikoff 


1888. 

Liquides  d'indices  snp6rieares  k 
1-8.    (Bead  Jan  12.) 

On  the  Namerical  Relation  between 
the  Index  of  Refraction  and  the 
Wave-Length  within  a  Refractive 
Mediam,  and  on  the  Limit  of  Re- 
fraction.   (Read  Feb.  11.) 

Ueber  die  Brechangsezponenten 
der  Metalle.    (Feb.) 


Bestimmung  der  Winkel  and  Bre- 
changsezponenten von  Prismen 
mit  Femrohr  and  Scala.  (Feb.) 
('Sitzangsb.d.  Gesellsch.  zor  Ford, 
d.  Natarwias.  Marburg.'  65-76.) 

Experience  de  coars.  [Platinam 
wire  heated  by  current  before  slit 
of  spectroscope.]    (Feb.) 

Determination,  en  longueurs  d'onde, 
de  deux  rales  rouges  da  potassium. 
(Read  Mar.  12.) 

Das  GesetE  von  Christiansen  and 
die  optischen  Beobachtungen  am 
Tabaschir.    (March.) 

Energy  and  Vision.  (Read  April  19.) 


Relations  between  the  Specific  Ro- 
tatory and  the  Refractive  Power 
of  Chemical  Compounds.  Part  I. 
(in  Russian.)    (April.) 


•  Bull.      Soc.     Min. 
France,'  xi.  31. 


de 


•  Proc.  Phys.  Soc.'  ix.  167- 
181;*PhU.Mag.'[5],xxv. 
325-338  ;  *  Beiblatter,' 
xiii.  805-806  (Abs.) 


'Sitzungsb.  Akad.  BerL' 
1888,  255-272;  •  PhU. 
Mag.'  [5],  xxvi.  1-18. 


*  Beiblatter,' 
(Abs.) 


807 


«J.  de  Phys.' [2],  vii  79- 
80 ;  *  Beiblatter,'  xii.  346 
(Abs.) 

«C.R.'cvi.  739; 'Zeitschr. 
f.physikal.  Chem.' ii.  434 
(Abs.) 

•  Zeitschr.  f .  Kryst.  u.  Min.' 
xiv.  258-259 ;  *Beiblatter,' 
xii..782  (Abs.) 

•  PhU.  Mag.'  [5],  xrviL  1- 
23  ;  <  Beiblatter,'  ziU. 
162.163  (Abs.) 

*J.  Russ.  Phys.-Chem.  Soc.' 
XX.  No.  6,  671-578 ;  •  J. 
Chem.  Soc'  Ivi.  826  (Abe.) 
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S.Weegmann 

A.Kdiiig       •       . 
H.  Vogd       . 
H.  Ebert 

A.  Haflchek    • 


W.  Sutherland 


W.  UhthofE    » 


E.  L.  Nichols  and 
W.  8.  Fianklin. 

W.  H.  Jnlius 


J.  Kanonnikoff 


T.  Pelham  Dale     • 


S.  Ketteler 


PmraioAL  Rblatiokb,  1888. 

Ueber  die  Molecnlanefnction 
einiger  gebrannten  Aethane  und 
Aethylene,  nnd  dber  den  gegen- 
wftitigen  Stand  der  Landolt- 
BrnhTBchen  Theorie.  (Inangnial- 
Dissertation.)    (April.) 

Measurement  of  the  Intensities  of 
Light  in  the  Spectrum  (*Arch. 
f.  Anat.  XL,  Physiol/  May  11, 1888). 

Spectrosoopische  Notizen.  (Bead 
June  H.) 

Die  Methode  der  hoher  Interferen- 
seen,  nnd  ihre  Verwendbarkeit  fUr 
die  Zweoke  der  qnalitativen  Spec- 
tralanalyse.  (Habilitationsschrift, 
Brlangen,  1888.) 

Ueber  Breohnngsezponenten  trfiber 
Medien.    (Bead  July  190 


Molecular  Refraction.   (Australian 
As8oo.f  or  Adrancement  of  Science.) 
(Aug.) 


Ueber  die  znr  Brzeugnng  eben 
merklicher  Farbendifferenzen  er- 
forderlichen  Aendemngen  der 
WeUenl&nge  spectralen  Liohtes. 
(Bead  Aug.  3.) 

A  Spectrophotometric  Comparison 
of  Sources  of  Artificial  Illumina- 
tion.   (Aug.) 

Recherches  bolom^triques  dans  le 
spectre  infra-rouge.    (Sept.) 

Relations  between  the  Specific  Ro- 
tatory and  the  Refractive  Power  of 
Chemical  Compounds.  Part  IL 
(in  Russian.)    (Oct.) 

On  the  Upper  Limit  of  Refraction 
in  Selenium  and  Bromine.  (Read 
Nov.  10.) 


Bzperimentaluntersuchungen  fiber 
das  Refractionsvermogen  der 
flfissigkeiten  swisohen  sehr  ent- 
femten  Temperaturgrenien. 

(Nov.) 


•Zeitsohr.  i.  physikaL 
Ghem.'  ii.  218^40,  257^ 
269. 


'Nature,'  xzxviiL  119^120 
(Abs.) 

'Ber.'  zzL  2029-2032; 
*  Zeitschr.  f .  i^ysQcaL 
Chem.'  u.  655  (Abs.) 

'  Zeitschr.  f .  physikaL 
Chem.'  U.  434  (Abs.) 


*  Sitsnngsb.  Akad.  Wien/ 
zcviL  II.  Abth.  a.  958- 
960  ;  *  Monatshefte  f . 
Chem.*  ix.  900-902;  «J. 
Chem.  Soc;  Ivi.  197  (Abs.); 
'  Beiblatter,'  xiii  492-493 
(Abe.) 

*  PhiL  Mag.'  [5],n:vii.  141- 
156 ;  •  J.  Chem.  Soc.'  Ivi. 
464-455   (Abs.);    •  Ber.' 

zzii.(Referate),129(Ab8.); 
•  Zeitschr.  f .  physikaL 
Chem.' iiL  364  (Abs.) 

'Arch.  f.  Anat.  u.  PhysioL' 
(phys.  Abth.),  1889, 171- 
172;  'Nature,'  zzxviii 
464  (Abs.) 

*Amer.  J,  Sd.'  [3],  xxrviil 
100-114. 


'  Arch,  n^erland.'  zzii.  310- 
883;  'Zeitschr.  f.  phy- 
sikaL Chem.' ii.  763(Ab8.) 

<  J.  Russ.  Phys.-Chem. 
Soc'  zx.  No.  9,  part  i. 
686-693;  <J.  Chem. 
Soc.'  Ivi.  453-^4  (Abs.) 

•  Proc.  Phys.  Soc.'  x.  17- 
23;  'PhiL  Mag.'  [5], 
zzvii.  50-56;  'Chem. 
News,'  Ivui.  252-253 
(Abs.);  'Beiblfttter,'ziii. 
805-806  (Abs.) 

•Ann.  Phys.  u.  Chem.' 
[N.F.],  xzziL  662.699; 
'Zeitschr.  f.  physikal. 
Chem.'  iii.  180  (Abs.) 
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Q.  Soret. 

E.  Lommel    . 
J.  Stossel 

P.  Sz^inadski. 

A.  Eonig 

W.  Grosse      . 
H.  W.  Vogel  . 

F.  L.  Perrot  . 
H.  Bubens     . 

E.  Conrady    . 
T.  Pelham  Dale 


REPORT — 1894. 

Phybioal  Rblations,  1888, 1889. 

Recherches  snr  la  refraction  et  la 
dispersion  dans  les  alnns  crys- 
tallise. (Denxi^me  m6moire.) 
(Dec.) 

Phosphorophotograpbie  des  ultra- 
rothen  Spectnuns.   (Read  Dec.  1.) 

Ueber  die  Licbtemission  des  glU- 
benden  Platins. 


H.  A.  Rowland 


Scbolversucbe  iiber  die  Zan'lckwer- 
fung  and  Brecbung  des  Licbtes. 


1889. 

Ueber  die  Abbangigkeit  der  Seb- 
sobarfe  von  der  licbtintensitat 
bei  spectralerBeleucbtnng.  (Read 
Jan.  25.) 

Ueber  Messnngen  der  Licbttrans- 
mission  nnd  Lichtabsorptlon. 
(Jan.) 

Pbotographien  vom  Beugungspec- 
tram.    (Read  Feb.  8.) 


Verification  ezperimentale  de  la 
m6thode  de  M.  Cbarles  Soret  poor 
la  mesure  des  Indices  de  r6f raction 
des  cristanx  jl  deox  axes.  (Read 
Feb.  7.) 

Die  selective  Reflexion  der  Metalle. 
(Read  Mar.  8.) 


Berecbnung  der  Atomrefractionen 
fur  Natriomlicbt.    (Mar.) 


On  a  Relation  existing  between  tbe 
Density  and  Refraction  of  tbe 
Gaseous  Elements,  and  also  some 
of  tbeir  Compounds.  (Read  May 
25.) 


Table  of  Standard  Wave-Lengtbs. 
(May.) 


'  Arcb.  de  Geneve '  [3],  xx. 
617-536 ;  '  Beibiatter/ 
xiii.  669-670  (Abs.) 

'  Sitzunsb.  d.  Akad.  MUn- 
cben*  (1888),  397-403. 

'  Zflricber  Vierteljahres- 
scbrift;  1888,  308-322; 
*Beiblatter,'  xiU.  945 
(Abs.) 

'Zeitschr.  f.  pbjrs.  u. 
cbem.  Unterricbt/  iL  62- 
66;  •Beibiatter,*  xiv. 
763-764  (Abs.) 


'VerbandL  pbys.  Gesell- 
sch.  Berlin;  viii.  No.  2, 
9-12;  <  Nature,'  xxxix. 
408  (Abs.) 

'Zeitscbr.  f.  Instrumen- 
tenkunde/  ix.  1-9 ;  *  Bei- 
blatter,'  xiu.  679  (Abs.) 

'Yerbandl.  pbys.  Ctesell- 
scb.  Berlin,'  viii.  No.  3, 
20 ;  '  Nature,'  xxxix.  480 
(Abs.) 

*Arcb.  de  Geneve,'  xxi. 
113-115;  «C.  R.'  cviU. 
137-138 ;  *  Beibiatter/ 
xiii.  317  (Abs.) 

^Verbandl.  pbys.  (Resell- 
sch.  Berlin,'  viiL  No.  5, 
23  (Abs.);  *Ann.  Pbys. 
u.  Cbem.'  [N.F.],  xxxviii. 
249-268 ;  *  Nature,'  xxxix. 
552  (Abs.) 

*Zeitscbrift  f.  pbysikal. 
Cbem.'  iii.  210-227 ;  •  J. 
Cbem.  Soc'  Ivi.  661 
(Abs.) 

« Proc.  Pbys.  Soc*  x.  189- 
192;  'Phil.  Mag.'  [5], 
xxviii.  268-271 ; « Nature/ 
xl.  143  (Abs.);  <Cbem. 
News,'  lix.  276  (Abs.); 
»Beiblatter,'  xiii.  937 
(Abs.) ;  *  J.  Chem.  Soc' 
Ivui.  201  (Abe.) 

« Johns  Hopkins  Univ. 
Circ'viii.  B9,  78;  «PbiI. 
Mag.'  [5],  xxvii.  479-484 ; 
•Beiblatter,'  xiiL  677 
(Abs.) 
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J.    L.    Soret    and 
B.  Saiasin. 


P.  Barbier  and  L. 
Boox. 

Lord  Raylcigh 

H.  Ebert 

B.  Walter 


T.Costa 


C.  V.  Zenger 


A.  A.  Michelson  and 
B.  W.  Morley. 

K.  Senbert 


J .  H.  Gladstone  and 
W.  H.  Perkin. 


C.  Pulfrich 


J.  Kanonnikoff 


M.  Le  Blanc 


B.    Fleiscbl     von 
Marzow. 


Physical  Relations,  1889. 

Sar  Tindice  de  refraction  de  Tean 
de  mer.    (Read  June  17.) 


Recherches  sar  la  dispersion  dans 
les  compos§8  organiqnes.  (Read 
June  17.) 

On  the  Visibility  of  Faint  Inter- 
ference  Bands.    (June.) 

Optiscbe  Mittbeilnngen.  (Pbysikal- 
medizin.  Soc.  Erlangen.    July.) 

Ueber  die  Brechnngsezponenten 
Ton  Salzlosungen.    (Jaly.) 


Snlla  correlazione  tra  il  potere  ri- 
f  rangente  ed  il  potere  dispersivo 
dei  derivati  aromatici  a  catene 
lateral!  sature.    (Aug.) 

La  spectropbotographie  des  parties 
invisibles  du  spectre  solaire. 
(Read  Sept.  9.) 

The  Feasibility  of  Bstablishing  a 
Light  Wave  as  the  ultimate  Stan- 
dard of  Length.    (Sept.) 

Einige  pbysikalische  Constanten 
von  HiJogensubstitutionsprodnc- 
ten  des  Benzols  und  Toluols. 
(Read  Oct.  14.) 

On  the  Correspondence  between 
the  Magnetic  Rotation  and  the 
Refraction  and  Dispersion  of 
Light  by  Compounds  containing 
Nitrogen.    (Read  Nov.  7.) 

Ueber  das  BrechxmgsvermSgen  von 
Mischungen  zweier  Fl^sigkeiten. 
(Nov.  29.) 


On  the  Relations  between  the  Re- 
fractive and  the  Rotatory  Powers 
of  Chemical  Compounds.    (Nov.) 

Optisch.-chemische  Studien  mit 
Berticksichtigung  der  Dissocia- 
tiontheorie.    (Nov.) 


Ueber  die  zweckm&ssigste  Herstel- 
lung  monochromatischen  Lichtes. 
(Nov.) 


'  0.  R.'  cvifi.  1248-1249 ; 
<Arch.  de  Genftve,*  xxi. 
609-514;  'Beiblatter/ 
xui.  669  (Abs.) 

*0.  R.'  cvin.  1249-1251; 
<Zeitschr.  f.  physikal. 
Chem.'  iv.  478  (Abe.) 

•Phil  Mag.'[6],xxvii.484-. 
486. 

<  Zeitschr.  f .  physikal. 
Chem.'  iv.  578  (Abs.) 

*Ann.  Phys.  u.  Chem.' 
[N.F.Jxxxviii.  107-118; 
*  Zeitschr.  f .  anal. 
Chem.'  xxix.  430  (Abs.) ; 
« Chem.  News/  Ixiii.  201 
(Abs.);  «J.  Chem.  Soc.' 
liu.  202  (Abs.) 

'Gazz.  chim.  ital.'  xiz. 
478-498;  'Zeitschr.  f. 
physikal.  Chem.'  v.  280 
(Abs.);  «J.  Chem.  Soc' 
Iviii.  1201-1202  (Abs.) 

*C.R.'cix.  434-436; 'Bex- 
blatter,' xiv.  37-38  (Abs.) 

*  Amer.  J.  Sci.'  [31,  xxxviii. 
181-186;  'Nature,'  xL 
662  (Abs.) 

•  Ber.'  xxii.  2619-2524. 


•J.  Chem.  Soc.'  Iv.   760- 
769. 


*  Zeitschr.  f .  physikal. 
Chem.'  iv.  661-669 ; 
•Beiblatter,'  xiv.  273 
(Abs.) 

•  J.  Russ.  Phys.-Chem.  Soc.' 
xxii.  86-96 ;  '  Ber.'  xxiii. 
[Ref.],  317-319  (Abs.) 

'  Zeitschr.  f .  physikal. 
Chem.'  iv.  663-660 ;  '  J. 
Chem.  Soc.'  Iviii.  213 
(Abs.);  •  Beiblatter,' xiv. 
272  (Abs.) 

*Ann.  Phys.  u.  Chem.* 
[N.FJ.xxxviU.  676-676; 
« J.  Chem.  Soc.' Iviu.  649 
(Abs.) 
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BEPORT — 1804. 


Fhtbioal  Rblations,  1889, 1890. 


C.  Bender     « 

J.  Seyffart     • 

E.  Angstrom . 
W.  KonrilofE  . 


Brechnngsezponenten      normalen 
Salsldsnngen.    (Dec) 


Ueber  eine  MlBihode  znr  Beitim- 
mong  der  Botationsdisperaion 
circolArpolariflenden  Substanzen. 
(Inaogoral-Dissertation.) 

Nyere  stndien  of vn  det  altrarode 
Spectmm  ('Svensk  Kemisk  Tid- 
skrift/  1889,  98-108). 

Terpenes  from  the  Oil  of  Pinta 
dhiet. 


'Ann.  Fhys.  d.  Chem.' 
[N.F.],  xxxix.  89-96; 
<Zeitschr.  f.  physikal. 
Chem.*  T.  283  (Abs.) 

•Ann.  Phys.  vl  Chem.' 
[N.F.],  xH.  113-134 ; 
'  Zeitschr.  f .  physikal. 
Chem.'  vi.  590  (Abe.) 


*  BeiblStter/ 
(title). 


[27] 


*  J.  Buss.  Phys.-Chem. 
Soc.*  xxL  367-367;  *J. 
Chem.  Soc.'  Iviii.  78^ 
(Abe.) 


E.  Abbe. 


H.  W.  Vogel . 


E.  Domner    • 


J.    L.    Soret   and 
A.  A.  Billiet. 


P.     Barbier 
L.  Bonz. 


and 


C.  A.  Biechoft  and 
P.  Walden. 


F.     Barbier 
L.  Bonz. 


and 


1890. 

Ueber  die  Yerwendung  dee  Flnorits 
fiir  optische  Zwecke.    (Jan.) 


Ueber        Farbenwahmehmuigen. 
(Bead  Jan.  10.) 


Snr  lea  ponvoirs  r^fringents  mol6ca- 
laires  des  eels  en  dissolution. 
(Read  Jan.  6,  Jan.  20,  May  6.) 


Snr  Tabeorption  des  rayons  ultra- 
▼iolets  par  quelques  substanoes 
organiques  faisant  partie  de  la 
s6rie  grasse.    (Bead  Jan.  20.) 

Becherches  snr  la  dispersion  dans 
les  composes  aromatiques.    (Feb.) 


Ueber  die  physikalisohen  Gon- 
stanten  der  substituirten  Aethe- 
•nyltricarbonsilureester.  (Becd. 
Feb.  27.    Bead  March  10.) 

Becherches  sur  la  dispersion  des 
dissolutions  aqneuses.  (Bead 
March  8,  March  10,  May  27.) 


*  Zeitschr.  f .  Instnimen- 
tenkunde,'  x.  1-6 ;  *  Bei- 
blatter.'  xiv.  274-276 
(Abs.) 

'Verb.  phys.  Gee.  Berlin/ 
ix.  1-8 ;  *  Beiblatter,'  xiv. 
629  (Abs.) 

« 0.  B.'  ex.  40-42, 139-141, 
967-968;  •  Nature,'  xli. 
263,  xlii.  72  (Abs.); 
*  Beiblatter,'  xiv.  767- 
768  (Abs.);  *Chem. 
News,'  bd.  49  (Abs.); 
•J.  Chem.  Soc.'  Iviiu 
433-1033  (Abs.)  ;  •  Zeit- 
schr. 1  physikal.  Chem.' 
vi.  374  (Abe.) 

•C.  B.' ox.  137-139;  •Zeit- 
schr. f .  physikaL  Chem.' 
V.  275  (Abs.) 


•  Bull,  soc  chim.'  [3],  iii. 
266;  •Chem.  News,'  Ixiii. 
11  (Abs.) 

•Ber.'  xxiu.  660-664;  *J. 
Chem.  Soc.'  Iviii.  746- 
746  (Abs.) 


•  0.  B.'  ox.  467-460,  627- 
632,  1071-1074;  'J. 
Chem.  Soc'  Iviu.  673- 
674  (Abs.);  •Nature.' 
xU.  466,  479  (Abe.); 
•  Beibl&tter,'  zly.  368, 
602  (Abs.);  •Zeitaohr.  (. 
physikal.  Chem.'  vi.  84 
(Abs.) 
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B.  Walter 

R.Nasmi       . 

J.  F.  Ejkman 

F.  W.  Semmler 
F.  Schiitt 

T.  Gosta 


C.      Schall      and 
CBiaUe. 

P.     Barbier     and 
L.  Rooz. 


A.  Schianf 


P.     Barbier     and 
L.  Bonz. 


B*  Iioewenhen      • 

H.  S.  J.  G.  da  BoSb 
and  H.  Bnbens. 


B.  P. 


Langlflj  and 
¥.  Veiy. 


Phtsioal  Rblations,  1890. 

Snr  les  indices  de  refraction  des 
solationa  salines.  (Read  March 
11.) 


Solla    dispersione    dei    oomposti 
organici.    (Read  March  16.) 


Ueber  die  XJmwandlong  von  Allyl 
in  Propenylbenzolderivate,  ihre 
Dispersion  and  Refraction.  (Reed. 
March  17.    Read  March  24.) 

Ueber  indischesGeraniamol.  (Reed. 
April  10.    Read  April  28.) 

Ueber  die  Bestimmang  der  Mole- 
calarrefraction  fester  chemische 
Verbindnngen  in  Ldsangen  der- 
selben.    (Read  April  29.) 


Sal  peso  molecalaie  e  sal  potere 
rifrangente  del  bicloraro  di 
solfo.    (Read  May  4.) 


Stadien  aber  das  Brasilin.  IV. 
(Read  May  19.) 

Recherches  sar  la  dispersion  dans 
les  compos6s  organiqaes  (alcools 
delas^riegrasse).  (Read  May  27.) 


Ueber  die  thermlsohe  Yerandemng 
der  Brechangsezponenten  des 
prismatischen  Sohwefels.  (Read 
Mays.) 

Recherches  sor  la  dispersion  dans 
les  composes  oiganiqaes  (Others 
ozydes).    (Read  Joly  21.) 

Recherches  sor  la  dispexrion  dans 
les  composes  oiganiqaes  (acides 
gias).    (Read  Joly  28.) 

Ueber  die  Molecalarreficaction  der 
Nitrate.    (Read  Jaly  14.) 

Brechong  and  Disperrion  des 
Lichtes  in  einigen  MetaUen. 
(Read  Joly  24.) 


On  the  Cheapest  Form  of  light; 
from  Btndies  at  the  Alleghany 
Obeenratoiy.    (Aog.) 


•0.  R.'  cz.  708-709; 
*Chem.  News/  hri.  192 
(Abs.);  •  Beibiatter/ ziv. 
605  (Abs.);  «Zeitachr.  f. 
physikal.  Chem.'  Ti  86 
(Abs.) 

•Bend.  d.  R.  Acoad. 
Lincei/  vi.  1st  sem.  211- 
216 ;  '  Gazz.  chim.  ital.' 
zz.  366-361. 

'  Ber/  zziU.  866-864 ;  •  J. 
Chem.  Soc.*  Iviii  748- 
749  (Abs.);  •BeibUtter/ 
ziv.  602-605  (Abs.) 

•  Ber.' zziii.  1098-1103. 

*Zeit8chr.  f.  physikal. 
Chem.'  V.  349-373;  *J. 
Chem.  Soc.'  Iviii.  1033- 
1034  (Abs.);  •Bei- 
biatter,'  ziv.  772-774 
(Abs.) 

•Rend.  d.  R.  Accad.  d. 
Lincei'[4],vi.  408-411; 
*  Zeitschr.  f .  physikal. 
Chem.'  vi.  286  (Abs.); 
*Gazz.  ohim.  ital.'  zz. 
867-372. 

« Ber.'  zziii.  1428-1437. 

*C.  R.'  cz.  1071-1074; 
•Natare.'zliL143(Abs.); 
*Chem.  News,'  Izi.  289 
(Abs.);  'J.  Chem.  Soc.' 
Iviii.  1034-1036  (Abe.) 

«Anseiger  d.  K.  Akad. 
Wien,'  zzvl.  106-106; 
« Beibl&tter/  zv.  87-38. 


czi.     180-183; 
News/  bdi.  74 


•C.  R.' 
*Chem« 
(Abs.) 

'0.  R.'  czi.  236,  236; 
*  Nature,'  zlii  360 
(Abs.);  'Chem.  News,' 
bdi.  85  (Abs.) 

'  Ber.'  zziH.  2180-2182. 

•Sitznngsb.  Akad.  Berl.' 
1890.  966-968;  « Phil. 
Mag.'  [6],  zzz.  366-378 
(Abs.) 

•Amer.  J.  ScL'  r3],zL  97- 
113;  •Nataxe7zm.438 
(Abs.) 
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REPORT — 1894. 


J.  J.  Eanonnikoff  . 

W.  Marshall  Watts 

S.  P.  Thompson 
T.  Pelham  Dale 

V.  Schumann 

L.  Buchkremer 

C.  Pulfrich     . 


Ph.  Barbier  and  L. 
Roux. 


J.  W.  Bruhl 


O.  Lippmann . 


O.  D.  Liveing  and 
J.  Dewar. 


O.  Higgs 


W.  Cassie 


Physical  Relations,  1890, 1891. 

Ueber  die  Wechselbeziehangen 
zwischen  den  Drehungs-  und 
BrechongBvermogen  chemlscher 
Verbindungen.    (Aog.) 

A  New  Series  of  Wave-length  Tables 
of  the  Spectra  of  the  Elements  and 

M>)mponnds.  (Report  of  the  Com- 
mittee.)   (Sept.) 

On  the  Use  of  Floor  Spar  in  Optical 
Instruments.    (Sept.) 

On  certain  Relations  existing 
among  the  Refractive  Indices  of 
the  Chemical  Elements.    (Nov.) 

Photographische  Gesammtauf- 
nahme  des  Spectrums  zwischen 
den  Wellenlangen  160  und  200  fifi. 

Ueber  die  beim  Mischen  von  zwei 
Fliissigkeiten  stattiindenden  Yo- 
lumanderuDg  und  deren  Einfluss 
auf  das  Rrechungsvermogen. 
(Inaag.-Diss.  Bonn,  1890,  46  pp.) 

Das  Totalreflectometer  und  das 
Refractometer  f  iir  Chemiker,  ibre 
Anwendung  in  der  Erystalloptik 
und  zur  Untersachung  der 
Lichtbrechnng  von  Fliissigkeiten. 
(Leipzig:  W.  Engehoann,  1890.) 

Becherches  sur  la  dispersion  dans 
les  composes  aromatiques. 


1891. 

Ueber  die  Messung  der  Brechungs- 
exponenten  bei  hoheren  Tempera- 
turen  mittelst  des  Totalreflecto- 
meter.   (Read  Jan.  26.) 

Sur  la  photographic  des  couleurs 
(premiere  note).    (Read  Feb.  2.) 


On  the  Influence  of  Pressure  on  the 
Spectra  of  Flames.  (Read  Feb. 
19.) 


On  the  Bisulphite  Compounds  of 
Alizarin  Blue  and  Casrulin  as  Sen- 
sitisers  for  Rays  of  Low  Refrangi- 
biUty.  (Reod.  Feb.  19.  Read 
March  12.) 

On  the  Effect  of  Temperature  upon 
the  Refractive  Index  of  certain 
Liquids.  (Recd.  Feb.  19.  Read 
March  12.) 


•J.  Russ.  Fhys.-Ghem.  Soc' 
1890,  8&-86;  *  Zeitschr. 
f .  physikal.  Chem.'  vi.  87 
(Abs.) 

*Brit.  Assoc.  Rep.'  1890» 
224-261. 


'Phil.  Mag.'  [6],  xxxi. 
120-123. 

*Chem  News,'  Ixii.  269 
(Abe.);  'Nature,'  xUii. 
118  (Abs.) 

'Bder's  Jahrb.  d.  Photog.' 
iv.  158-163 ; '  Beiblatter/ 
xiv.  616-616  (Abs.) 

•Beiblatter,'  xiv.  768-769 
(Abs.);  'Zeitschr.  f.  physi- 
kal. Chem.'  vi.  161-186 
(Abs.) 

*  Nature,'  xliv.  5S8  (notice) 


'Bull.  soc.  chim.  frauQ.' 
[3],  iii.  266-261;  'Bei- 
blatter,'  xiv.  600-502 
(Abs.) 


«Ber.'  xxiv.  286-299; 
<  Zeitschr.  f .  physikal. 
Chem.'  vu.  429  (Abs.) 

«C.  R.'  cxii.  274-275; 
*  Chem.  News;  Ixiii.  87- 
88. 

*  Proc.  Roy.  Soc.'  xlix.  217- 
227 ;  .*  Chem.  News,'  bciil 
143-145, 166-156  (Abs.); 
•Zeitschr.'  f.  physikal. 
Chem.'  viu.  332  (Abe.) 

*  Proc.  Roy.  Soc.*  xlix.  345- 
346 ;  •  Chem.  News,'  Ixiii. 
157. 


« Proc.  Roy.  Soc.'  xlix.  343- 
845. 
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W.  de  W.  Abnc7 
H.  A.  Rowland 


Pfa.  Barbier  and  L. 
Boox. 

J.  H.  Gladstone     . 


A.  Crova 


K.  L.  Perrot 


A.  A.  Micbelaon 


W.  de  W.  Abney 


H    G.  EUinger 


A.  Johnson    • 


G.  Kummell  • 


W.H.  Parkin. 


1894. 


The 


Physical  Relations,  1891. 
Nnmerical    Registration    of 


Colour.  Preliminary  Notice.  (Reed. 
Feb.  6.    Read  Feb.  19.) 

Report  of  Progress  in  Spectnxm 
Work.    (Feb.) 


Recherches  sur  la  dispersion  dans 
les  composes  organiqnes  (Others). 
(Read  March  16.) 

Molecular  Refraction  and  Dis- 
persion of  various  Substances. 
(Read  March  19.)  . 


Sur  la  mesure  optique  des  hautes 
temperatures.    (Read  April  19.) 

Recherches  sur  la  refraction  et  la 
dispersion  dans  une  s6rie  iso- 
morphe  de  cristauz  A  deux  axes. 
(Read  AprU  27.) 

On  the  Application  of  Interference 
Methods  to  Spectroscopic  Mea- 
surements.   (April.) 

On  the  Examination  for  Colour  of 
Cases  of  Tobacco  Scotoma,  and 
of  Abnormal  Colour  Blindness. 
(Reed.  April  29.    Read  May  14.) 

On  the  Limit  of  Visibility  of  the 
Different  Rays  of  the  Spectrum. 
(Read  May  U.) 

Der  Concentrationsgrad  von 
Losungen,  bestimmt  durch  das 
Brechungsvermogen.    (May.) 

Newton's  Use  of  Slit  and  Lens  in 
forming  a  Pure  Spectrum.  (Read 
May  27.) 


Rotationsdispersion        weinsaOrer 
Salze.    (June.) 


The  Refractive  Power  of  certain 
Organic  Compounds  at  Different 
Temperatures.    (Read  June  18.) 


'  Proo.  Roy.  Soc.'  xlix.  227- 
233. 


<  Johns  Hopkins  Univ. 
Circ.'  X.  No.  25,  41-42 ; 
•Chem.  NewB,'lxiii.  133- 
134. 

« C.     R.'    cxii.    582-584  ; 

*  Chem.  News,'  Ixiii.  IGG 
(Abs.) 

•J.  Chem.  Soc'  lix.  290- 
301;  *Proc.  Chem.  Soc/ 
1891,  35-36  (Abs.) ; 
« Chem.  News,'  Ixiii.  173- 
174  (Abs.);  •Nature/ 
xliii.  649-650  (Abs.); 
'  Zeitschr.  f.  physikal. 
Chem.'  viii.  335  (Abs.) 

«  C.    R.' .  cxiv.    941-943  : 

*  Beibiatter,'    xvii.     316 
(Abs.) 

•C.     R.'    cxi.     967-969; 

*  Zeitschr.    t    physikal. 
Chem.'  vii.  335  (Abs.) 

'Phil.Mag.'[5],xxxi.359- 
363. 

« Proc.  Roy.  Soc'  xlix.  491- 
508. 


•  Proc.  Roy.  Soc'  xlix.  509- 
518;  'Beibiatter,'  xvi. 
741  (Abs.) 

« J.  prakt.  Chem.'  xliv.  152- 
157 ;  •  Chem.  News,'  Ixiv. 
262  (Abs.) 

*Proc.  and  Trans.  Roy. 
Soc.  Canada,'  ix.  Seer. 
III.  46-54 ;  '  Beibiatter/ 
xvii.  826  (Abs.) 

*Ann.  Phys.  u.  Chem/ 
[N.F.],    xliii.     509-515; 

*  Zeitschr.  f.  physikal. 
Chem/  viu.  669  (Abs.) 

*J.  Chem.  Soc'  Ixi.  2S7- 
810;  *Proc.  Chem.  Soc/ 
1891.     115-117     (Abs.): 

•  Chem.  News/  Ixiv.  19-SiO 
(Abs.)  ; '  Zeitschr.  f.  ph\  - 
sikal.  Chem/  viii.  692 
(Abs.):  'Beibiatter/ xvii. 
669-561  (Abs.) 
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REPORT — 1894. 


J.  H.  Gladstone 


M.  Labatut    • 


J.  H.  Gladstone  and 
W.  Hibbert. 

A.  Jonas        • 


O.  D.  Liveing  and 
J.  Dewar. 


F.  A  jmonnet .       • 

H.  Bnbens     •       • 
C.  B.  Thring  • 
W.  deW.  Abney   . 


E.  L.  Nichollsand 
B.  W.  Snow. 


T.  P.  Dale 


A.  Eonig 


Physical  Bblations,  1891, 1892. 

The  Molecnlar  Refraction  and  Dis- 
persion of  various  Sabstances. 
(Read  June  4.) 


C.  E.  Goillamne 


A.  KSnig  and  R. 
Bitter. 


Sur  Tabsorption  et  la  photograpbie 
des  coolears.    (Read  Jnly  20.) 

Experiments  on  the  Molecular 
Refraction  of  Electrolytes  in 
Solution.    (Read  Aug.  26.) 

Orthochromatische  Bromsilber-Col- 
lodionemulsion.    (Aug.) 

On  the  Spectrum  of  Liquid  Oxygen, 
and  on  the  Refractive  Indices  of 
Liquid  Oxygen,  Nitrous  Oxide, 
and  Ethylene.    (Aug.) 

Relation  entre  Tindioe  de  refraction 
d*un  corps,  sa  density,  son  poids 
mol6cukure  et  son  pouvoir  dia- 
tbermane.    (Read  Sept.  21.) 

Ueber  eine  Methode  cur  Bestim- 
mung  der  Dispersion  ultra-rothen 
Strahlen.    (Oct.) 

Colour  Photography  by  Lippmann^s 
Process.    (Nov.) 

Colour  Photometry.  (Read  Nov.  19.) 


On  the  Liflnenceof  Temperature  on 
the  Colour  of  Pigments.    (Nov.) 


On  certain  Relations  existing 
amongst  the  Refractive  Indices  of 
the  Chemical  Elements.  (Phys. 
Soc.    Read  Nov.  14.) 

Ueber  den  Helligkeitswerth  der 
Spectralfarben  bei  verschiedener 
absoluter  Intensitat.  (Hamburg, 
1891,84  pp.) 


1892. 
L*6nergie  dans  le  spectre.    (Jan.) 


Ueber  den  Helligkeitswerth  der 
Spectralfarben  bei  verschiedener 
absoluter  Intensit&t.  (Read  Jan. 
29.) 


•J.  Chem.  Soc.'  lix.  589- 
598  ;  •  Chem.  News,*  Ixiii. 
304-305(Abs.) ;  •  Zeitschr. 
f.  physikal.  Chem.'  ix. 
223-225  (Abs.) 

•C.    R.'    cxiii.     12G-129; 

*  Beiblatter/  xvi.  364-3G3 
(Abs.) 

*Brit.  Assoc.  Rep.'  1891, 
609  ;  •  Beiblatter,'  xvi. 
605  (Abs.) 

*Phot.  Mittheil.'  xxriii. 
156-167,  172-174;  'Bei- 
blatter,' xvi.  638  (Abs.) 

« Phil.Mag.'[5],xxxiv.20.';- 
209 ;  *  Zeitschr.  f .  physikal. 
Chem.'  X.  430  (Abs.) 

•C.    R.'    cxiiK    418-421; 

•  Beiblatter,'  xvi.  430 
(Abs.) 

*yerhandl.  der  pbys.  Ge- 
sellsch.  Berl.'  1891, 83-84; 
•Nature.' xlv.  48  (Abs.) 

•  Amer.  J.  Bei.'  [3],  xlii. 
888-390;  'Beiblatter,' xvi. 
364  (Abs.) 

•Proc.  Chem.  Soc.'  1891. 
150-164  (Abs.);  *Chem. 
News,'  Ixiv.  295-296 
(Abs.) 

« Phil.  Mag.'  [5],xxxii.401- 
424;  'Zeitschr.  f.  phy- 
sikal. Chem.'  ix.  380 
(Abs.);  'Beiblatter,' xvi. 
361-363  (Abs.) 

•Chem.  News,'  Ixii.  259 
(Abs.);  •Beiblatter,' xvi. 
274  (Abe.) 


•Zeitschr.  f.  Psj'chol.  u. 
Physiol,  d.  Sinnesorgane,' 
iv.  422^24 (Abs.);* Bei. 
blfttter,'  xvii.  659-660 
(Abs.) 


•  Revue      G^n^rale      des 
Sciences,'  iii.  12-21. 


Phys.  u.  Chem.' 
[N.F.J  xlv.  604-607 ; 
•  Phil.  Mag.'  [5],  xxxiu. 
641-542. 

Digitized  by  VjOOQIC 


ON  THE  BIBLIOGRAPHY  OF   SPECrROSCOPY. 


195 


J.  Chappnis   . 

C.  E.  GniUamne     . 
P.  Bary  ... 

A.  Weigle      , 

E.  Brodhnn    • 


J.    Elflter  and   H. 
Geitel. 


F.  Aymonnet 

F.  Maclean    • 

G.  Lippmann .       • 
0.  Pulfrich     . 

F.  J.  Rogers  . 
F.  DiuBaad    . 


W.  Baily 

F.  Schatt       . 

R.  Bach . 
Gk>mmittee    • 


•       • 


Phtbioal  Rblations,  1892. 

Refraction  des  gas  liqa6fi^.    (Read 
Feb.  8.) 

Lea     constantes     radioni6triqnes. 
(Feb.) 

Snr  les  ipdices  de  refraction  des 
solutions  salines.    (Read  Feb.  8.) 


Spectrophotometriscbe  Untersuch- 
ungen  der  Salze  aromatischer  Ba- 
sen.    (Feb.) 

Ueber  die  Empfindlichkeit  des  griin- 
blinden  nnd  des  normalen  Anges 
gegen  Farbenanderung  im  Spec- 
tram.    (Jaly.) 

Beobachtnngen  des  atmospha- 
rischen  Potentialgef&lles  nnd  der 
nltravioletten  Sonnenstrahlung. 
(Read  March  10.) 

Des  mamma  calorifiqnesp6riodiqnes 
observes  dans  les  spectres  du  flint, 
da  crown  et  da  sel  gemme.  (Read 
March  14.) 

Photographies  spectrales  obtenaes 
avecunr6seaude  Rowland.  (Read 
April  1.) 

Sxa  la  photographie  des  coolears 
(deazi^me  note).  (Read  April  25.) 

Ueber  denEinflnss  der  Temperatnr 
aaf  die  Lichlbrechong  des  Glases. 
(April.) 

Magnesium  as  a  Source  of  Light. 
(April.) 

Snr  la  refraction  et  la  dispersion 
dn  chlorate  de  sonde  cristallise. 
(April.) 

On  the  Construction  of  a  Colour 
Map.    (Phys.  Soc    Read  April  8.) 

Ueber  die  Bestimmung  der  Molecn- 
larrefraction  fester  chemischer 
Verbindungen  in  Losungen  der- 
selben.    (April.) 

Thennochemie  des  Hydrasins,  nebst 
einer  Bemerkung  fiber  die  Mole- 
cularrefiraction  einiger  Stickstoff- 
▼erbindungen.    (April.) 

Report  on  Coloar-Vision.  (April 
28.) 


•C.  R.'  cxiv.  28ft-288; 
'  Beibl&tter/  zvi.  425 
(Abs.) 

'  Rev.  Generale  des 
Sciences/  iii.  93-94. 

•C.  R.'  cxiv.  827-831; 
•Beiblatter,'  xvi.  735 
(Abs.);  *J.  Chem.  Soc.' 
Ixu.  929  (Abs.) 

*  Zeitschr.  f.  physikal. 
Chem.*  xi.  227-247,  426- 
428:  'Beiblatter/  xvii. 
606  (Abs.) 

•  Zeitschr.  f.  Peychol. 
u.  Physiol,  der  Sinnes- 
organe,'  iii.  97-107. 

*Sitzung8b.  Akad.  Wien/cL 
ILa,  703-856. 


•C.R.' cxiv. 582-585; 'Be-, 
blatter/  xvii.  836-337 
(Abs.) 

*  J.  Soo.  Franc  de  Phys.^ 
1892,  165-166. 

*C.  R.*  cxiv.  961-962; 
*Beiblatter/  xvi.  611 
(Abs.) 

•Ann.  Phys.  u.  Chem.^ 
[N.F.],  xlv.  609-665 ; 
*  Zeitschr.  f .  physikal. 
Chem/  ix.  770  (Abs.) 

•Amer.  J.  Sci.'  [3],  xliii. 
301-314;  •Beibiatter/ 
xvi.  606-608  (Abs.) 

•Arch,  de  Geneve'  [3], 
xxvii.  380-381,  521-536 ; 
•Belbmtter,'  xvi.  611 
(Abs.)    ^ 

'Phil.  Mag.'  [5],  xxxiii. 
496-508, 

•Zeitschr.  f.  physikal. 
Chem.»  ix.  349-877. 


•  Zeitschr.  f.  physikal. 
Chem.'  ix.  241-263 ;  'Bei- 
blatter/  xvi.  615-517 
(Abs.) 

•Pmc.  Roy.  Boa' li.  281- 
896. 
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REPORT — 189-1. 


H.  F.  NewaU. 
D.  Shea. 


II.  Landolt  and  H. 
Jahn. 


A.  A.  Michelson 


F.  Zecchini    • 


O.  D.  Liveing  and 
J.  Dewar. 


H.     Rabens     and 
B.  W.  Snow. 

J.  M.  Eder     . 


W.  Marshall  Watts 


C .  Piazzi  Smith 


J.  Kerr  .        • 


]{.     Landolt     and 
Hans  Jahn. 


M.  Le  Blanc 


Physical  Bblations,  1892. 

On  a  Diagram  useful  as  a  Guide  in 
adjusting  a  Diffraction -grating 
Spectroscope.    (May.) 

Zur  Brechung  und  Dispersion  des 
Licbtes  durch  Metallprismen. 
(July.) 

Ueber  die  Molecularrefraction 
einiger  elnfachen  organischen 
Verbindungcn  filr  Strahlen  von 
unendlichgTOSser        Wellenlange. 

(July.) 

On  the  Application  of  Interference 
Methods  to  Spectroscopic  Mea- 
surements.   (Read  Aug.  6.) 

Rifrazione  atomiche  degli  elementi 
rispetto  della  luce  gialki  del  sodio. 
(Read  Aug.  20.) 

On  the  Spectrum  of  Liquid  Oxygen, 
and  on  the  Refractive  Indices  of 
Liquid  Oxygen,  Nitrous  Oxide, 
and  Etiiylene.    (Aug.) 


Ueber  die  Brechung  der  Strahlen 
von  grosser  Wellenlange  in  Stein- 
salz,  Sylvin  und  Fluorite.    (Aug.) 

Ueber  die  Verwendbarkeit  der 
Farbenspectren  verschiedener  Me- 
talle  zur  Be«timmung  der  Wellen- 
lange im  Ultravioletten,mitBezng 
auf  des  Spectmms,  des  Sonnen- 
lichtes,  Drummond'schen  Mag- 
nesium- und  electrischen  Bogen- 
lichtes.    (Aug.) 

On  Wave-Length  Tables  of  the 
Spectra  of  the  Elements  and 
Compounds.    (Read  Aug.  6.) 

Researches  on  the  Ultra-Violet 
Rays  of  the  Solar  Spectrum. 
(Read  Aug.  5.) 

On  Dispersion  in  Double  Refraction 
due  to  Electrical  Stress.    (Aug.) 


Ueber  die  Molecularrefraction  eini- 
ger einfachen  organischen  Verbin- 
dungen  filr  Wellen  von  unendlich 
grosser  Wellenlange.    (Sept.) 

Eine  einfache  Methode  zur  Bestim- 
mung  von  Brechungsexponenten 
optisch-isotroper  Korper.    (Oct.) 


*  Monthly  Not.  R.A.S.'  Hi. 
610-512  ;  *  Beiblatter, 
xvii.  129-130  (Abs.) 

•Ann.  Phys.  u.  Cbem.* 
[N.F.],  xlvii.  178-202; 
•Nature/  xlvii.  68-69 
(Abs.) 

<Sitzungsb.  Akad.  Berl.* 
1892.  IL  729-754 ;  *Zeil. 
schr.  f.  physikal.  Chem.' 
ix.  289-:320. 


•Brit.  Assoc.  Rep.'  1892, 
170-185;  'Nature;  xlvi. 
385  (Abs.)  ;  •  Phil.  Mag.' 
[5],  xxxiv.  280-299. 

•Gazz.  chim.  ital.'  xxii. 
IL  692-604;  'J.  Chem. 
Soc'  Ixiv.  IL  253-254 
(Abs.) 

•Phil.  Mag.*  [5],  xxxiv. 
205-209;  'PhysikaL  Re- 
vue/ ii".  288-294;  *  J. 
Chem.  Soc'  Ixiv.  II.  201- 
202  (Abs.) ;  *  Beiblatter/ 
xvii.  121-122  (Abs.) 

*Ann.  Phys.  u.  Chem.* 
[N.F.],    xlvi.    .'>29-541; 

•  Nature/  xln.  483  (Abs.) 

*  Denkschr.  Akad.  Wien ' 
(1892),     Ix.     264-265; 

•  Beiblatter/    xvii.    331- 
332  (Ab3.) 


'Brit.  Assoc.  Rep.'  1892, 
193-260. 


*Brit.  Assoc.  Ptep/  1892, 
74-76. 


•Brit.  Assoc.  Rep.*  1892, 
157  -  158  ;  •  Beiblatter/ 
xvii.  768-769  ^Abs.) 

*  Zeitschr.  f.  phvsikal. 
Chem/  X.  289-320 ;  *  Bei- 
blatter/  xvii  329-331 
(Abs.) 

•  Zeitschr.  f .  physikal. 
Chem/  ix.  433  -  449  ; 
•Beiblatter/  ;Kvii.  441- 
442  (Abs.) 
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G.  Lippmann . 


J.  F.  Eykman 


B.  Hasselberg 

G.  Meslin  • 
W.  H.  Perkin 
F.  L.  Perrot  . 

F.  Zecchini    . 
W.  B.  Croft      . 

C.  F6ry  . 

A.  Sella. 

W.  Hallwachs 
A.  Enrz . 

E.  Macb 


Physical  Bblatioks,  1892. 

Photographies  color^es  dn  epectre 
snr  albnmine  et  siir  gelatine  bi- 
chiomat^es.    (Read  Oct.  24.) 


Recherches         r^fractom^triqiies. 
(Read  Oct.  6  and  10.) 


Projet  d'une  m6thode  pour  deter- 
miner avec  grande  exactitude  Tin- 
dice  de  refraction  et  la  dispersion 
de  I'air.    (Read  Nov.  9.) 

Sor  la  photographie  des  couleurs 
(« Physikal.  Revue,'  ii.  681-701). 
(Nov.) 

On  the  Refractive  Power  of  certain 
Organic  Substances  at  Different 
Temperatures.    (Nov.) 

Nouvelles  recherches  surr6fraotion 
et  dispersion  dans  une  s6rie  iso- 
morphe  des  cristaux  H  deux  axes 
(sulfates  doubles  &  eH^O). 
(Read  Dec.  1.) 

Snl  potere  rifrangente  del  fosforo. 
Potere  rifrangente  degli  acidi  del 
fosforo,  et  del  loro  sali  sodici. 
(Read  Dec.  6.) 

The  Spectra  of  the  Colours  in  vari- 
ous Orders  of  Colours  of  Newton's 
Scale.    (Read  Dec.  9.) 

Sur  r6tude  des  reactions  chimiquea 
dans  une  masse  liquide  par  I'in- 
dice  de  refraction.  (Read  Dec.  26.) 

Sulla  variazione  dell*  indice  di  rifra- 
rione  del  diamante  colla  tempera- 
tura  e  su  di  una  generalizzazione 
del  metodo  di  mimina  deviazione 
col  prisma. 

Ueber  das  Brechungsezponenten 
verdunnter  Losungen. 

Die  kleinste  Ablenknng  im  Prisma. 


Ueber  eine  elementare  Darstellung 
der  Fraunbof er'schen  Beugungser- 
scheinung,  ins  besondere  der  Git- 
terspectra. 


•0.  R.'  cxv.  576;  •  Ber.' 
XXV.  (Ref.).  860  (Abs.) ; 
•  Beibiatter,'  xvii.  933 
(Abs.);  'Nature,'  xlvii. 
23  (Abs.) 

'Recueil  des  trav.  chim. 
des  Pays-Bas,'  xii.  167- 
197,  268-286;  'Beibiat- 
ter,'xvii.  1048-1049,  xvii  i. 
452-453  (Abs.);  •  Ber. 
XXV.  3069-3079,  xxvii. 
(Ref.),  II  (Abs.);  'J. 
Chem  Soc'  Ixiv.  II.  1-lf 
(Abs.) 

»Oefversigt  af  K.  Vet. 
Akad.  Forh.  (Stockholm) 
(1892),  xlix.  441-449; 
•Beiblfttter,'  xvii.  915 
(Abs.) 

*  Ann.  chim.  et  phys.'  [6], 
xxvii.  369-392  ;'Beiblat- 
ter,'  xviii.  342  (Abs.) 

*J.  Chem.  Soc.'  Ixi.  287- 
310;  «Ze!tschr.  f.  phy- 
sikal. Chem.'  X.  667  (Abs.) 

*Arch.  de  Genfeve*  [3], 
xxix.  28-50,  121-140; 
'Arch.  n6erland.'  xxix. 
121-141. 

*  Gazz.  chim.  ital.'  xxiii.  I. 
109-120;  'J.  Chem.  Soc' 
Ixiv.  II.  264  (Abs.) 

*  Chem.  News,'  Ixvi.  300- 
301  (Abs.) ;  *  Nature/ 
xlvii.  190  (Abs.)  ;  *  Bei- 
blatter,' xvii.  1072  (Abs.) 

•C.  R.'  cxv.  1309-1312; 
*J.  Chem.  Soc'  Ixiv.  II. 
201  (Abs.) 

*Rend.  R.  Accad.  cl 
Lincei,'  vii.  (2nd  sem.), 
300-,S08;  » Beiblatter,' 
xvi.  423-424  (Abs.) 

•Ann.  Phys.  u.  Chem.' 
[N.F.],  xlvii.  380-388. 

*  Zeitschr.  -  f.  Math.  u. 
Phys.'  (Leipzig),  xxxvii. 
317-318. 

*  Zeitschr.  f.  phys.  u. 
chem.  Unterricht,'  v. 
225-229. 
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REPOBT — 1894, 


B.  Krone        • 

E.  Carvallo     • 

W.  QroBse  . 
W.  Pole         • 

J.  H.  Gladstone 

W.  H.  Perkm 

R.  Kasini       • 

A.  Oroya        • 

J.  R.  Rydberg 

A.  Ghira  • 
S.  Bloch 

G.  Lippmann. 
A.  A.  Michelflon 

T.  Liebiflch  • 
H.  Boaasse  • 
E.  Hering      • 


Physical  Rblations,  1892, 1893. 

Einige     Erfahmngsnotizen     uber     *Fhot. 
farbige    Photographie  von  Speo-       67-70. 
tren. 

1893. 

Perfectionnements  a  la  m6thode  de 
M.  Monton  pour  T^tade  da  spectre 
calorifique.    (Jan.) 

Ueber  die  Lange  der  Spectren  und 
Spectialbezirke.    (Jan.) 

On  the  Present  State  of  Knowledge 
and  Opinion  with  regard  to  Golour- 
Blindness.    (Read  Jan.  16.) 

Kote  on  some  Recent  Determina- 
tions of  Molecalar  Refraction  and 
Dispersion.    (Read  Feb.  10.) 


MittheiL*     zziz. 


The  Magnetic  Rotation  and  Re- 
fractive Power  of  Ethylene  Oxide. 
(Read  March  2.) 

Sal  potere  rifrangente  per  an  raggio 
di  langhezza  d*  onda  infinita. 
(Read  March  8.) 

Sar  les  bandes  d'interf  6rence  des 
spectres  des  r6seaax  sor  gelatine. 
(Read  March  27.) 

On  a  certain  Asymmetxy  in  Pro- 
fessor Rowland's  Concave  Grat- 
ings.   (March.) 

SttUa  rif razione  atomica  del  Boro. 
(Read  April  9.) 

Bar  la  dispersion  anomale.  (Read 
April  10.) 

Photographies  en  coulears  ex6- 
catdes  d'apr^s  les  m6thodes  inter- 
f  ^rentielles.    (Read  April  17.) 

Comparaisondnm^tre  international 
avec  la  longaear  d'onde  de  la  lu- 
mi^re  da  ciulmiam.  (Read  April 
17.) 

Ueber  die  Spectralanalyse  der 
Interferenzfarben  optisch  zwei- 
axiger  Krystalle.    (April.) 

Reflexion  et  refraction  dans  les 
milieox  isotropes  transparents  et 
absorbents.    (April.) 

Ueber  den  Einfloss  der  Maeula 
lutea  aaf  Spectralfarbenglelchnn- 
gen.    (May.) 


'J.  dephys.'[3],ii.27-36; 
«  Beibiatter.'  xvU.  662- 
663  (Abs.) 

*  Zeitschr.  f .  Instramen- 
tenkonde/  xiii.  6-13. 

*  Trans.  Roy.  Soc.  Edinb.* 
xxxvii.  441-479;  'Nature/ 
xlvii.  336  (Abs.) 

*Phn.  Mag.'  [6],  XXXV. 
204-210; » J.  Chem.  Soc.' 
lxiv.II.254(Abs,);  'Bei- 
blatter,'  xvii.  647-648 
(Abe.) 

*  J.  Chem.  Soc.'  Ixiii.  488- 
492 ;  •  Ber.*xxvi.(  Ref  .),497 
(Abs.) ;  *Beiblatter,'  xvii. 
969  (Abs.) 

*Gasz.  chim.  ital.'  xxiii. 
I.  347-364. 

•0.  R.'  cxvi.  672-674; 
« Beiblatter,'  xviii.  193- 
194  (Abs.) 

•Phil.  Mag.'  [6],  xxxv. 
190-199  ;  *  Beiblatter,' 
XVU.  840  (Abs.) 

'Bend.  B.  Accad.  Boroa' 
[6],  ii.  1st  sem.  312-310. 

<C.  B.'  cxvi.  746-748; 
<  Beiblatter/  xvii.  1046 
(Abs.) 

•C.R/ cxvi.  784. 


•C.R/ cxvi.  790-794. 


'  Gdttlngen.  Nachr.'  1893, 
266-266. 


•Ann.  Chim.  et  Phys/  [6], 
xxviii.  433-498. 


•  Arch.  f.  d.  ges.  Physiol.' 
Uv.  277-312;  •  Beiblat- 
ter/xviu.  113-114  (Abs.) 
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Phtsical  Relations,  1893, 1894— Fluobbscence,  1880. 


W.  de  W.  Abney 
F.  Zecchloi    • 

A.  Chaipentier 
A.  Coma 

H.  A.  Rowland 
K.  Zim^nyi    . 

C.  Pulfrich     . 
F.  Aymonnet . 


G.  D.  Liveing  and 
J.  Dewar. 


S.  Bloch 


H.  M.  Ward 


On  the  Colours  of  Sky-Light,  Sun- 
light, Cloud- Light,  and  Candle- 
Light.    (Read  June  1.) 

Sopra  un  nolevole  caso  di  accresci- 
mento  anomalo  nel  potcre  rifran- 
gente  delle  basi  fenUiche.  (Read 
June  2.) 

Sur  le  retard  dans  la  perception  des 
divers  rayons  spectraux.  (Read 
June  13.) 

Sur  divers  m^thodes  relatives  k 
Tobservation  des  propri^t^s  ap- 
pel6e8  anomalies  focales  des  r6- 
seaux  di£Eringent8.  (Read  June 
19.) 

A  New  Table  of  Standard  Wave- 
Lengths.    (July.) 

Die  Hauptbrechungsexponenten 
der  wichtigeren  gesteinbildenden 
Mineralien  bei  Na-licht.    (July.) 

TJeber  Dispersionsbestimmung  nach 
der  Totalreflexionsmethode  mit- 
telst  micrometrischer  Messung. 
(July.) 

Sur  les  inaxima  p^riodiques  des 
spectres.  (Read  Aug.  2,  Sept.  18.) 

On  the  Refractive  Indices  of  Liquid 
Nitrogen  and  Air.    (Oct.) 


Mesure  du  pouvoir  absorbant  pour 
la  lumi^re  de  lames  minces  poss6- 
dant  la  reflexion  m^tallique;  (Read 
Nov.  13.) 

The  Action  of  Light  on  Bacteria. 
Part  m.    (Read  Dec.  14.) 


« Proc.  Roy.  Soc.'  liv.  2-4  ; 
•Nature,'  xlviii.  333-334 
(Abs.) 

'Gazz.  chim.  itaU  xxiii. 
II.  42-47;  *J.  Chem. 
Soc;  Ixvi.  III.  2  (Abs.) 

« C.  R.*  cxvi.   1423-1426  ; 

•  Beiblatter,'     xvu.    657 
(Abs.) 

*C.  R.'  cxvi.   1421-1428; 

*  Beiblatter,*  xviii.    IM- 
198  (Abs.) 


•Phil.    Mag.'   [5],    xxxvi. 
49-76. 

*Zeit8chr.    f.    Kryst.    u. 
Min.*  xxii.  321-359. 


'Zeitschr.  f.  Instrumen- 
tenkunde.'  xiii.  267-273 ; 
•  Beiblatter/  xviii.  77 
(Abs.) 

*  C.  R.'  cxvii.  304-306, 402- 
406;  'Beiblutter,'  xvii. 
1067-1058  (Abs.) 

'Phil.  Mag.'  [o],  xxxvi. 
328-331 ;  •  Beiblatter,' 
xviii.  334  (Abs.);  'J. 
Chem.  Soc'  Ixvi.  II.  37 
(Abs.) 

•C.  R.*  cxvii.  661-663; 
'  Beiblatter,'  xviii.  338- 
339  (Abs.) 

•  Proc.  Roy.  Soc'  liv.  472- 
475  (Abs.) 


J.  Kanonnikoff 


J.  W.  Diaper . 


1894. 

XJeber  die  Beziehungen  zwischen 
dem  Lightbrechungs-  und  Dre- 
hungsvermogen  chemiscber  Ver- 
bindungen,  und  iiber  eine  none 
Bestimmungsmethode  der  spe- 
cifische  Drehung  optisch  activer 
Stoflfe.    (Feb.) 

V. 

FLUORESCENCE. 

1880. 

On  the  Phosphorograph  of  a  Solar 
Spectrum,  and  on  the  Lines  in  its 
Infra-rod  Region.    (Dec.) 


•  J.  prakt.  Chem.'  [N.F.], 
xlix.  137-184;  *Ber.' 
xxvii.  (Ref.),  247-248 
(Abs.) 


•  Proc.  Amer.  Acad.*  [N.S.], 
viii.  223-234. 
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iiKroRT— 1894. 


Fluobescencb,  1880, 1881, 1882, 1886, 1888,  1889,  1890,  1801. 


r.  S.  Provenzali 


E.  Dreher 


Sulla  fosforescenza  e  fluoresoenza. 
(Bead  Dec.  19.) 


1881. 


«Attl  dell'  Accad.  Pontif. 
de*  Nuovi  Lincei/  xzziv. 
1-8 ;  •  Riv.ScLIndustrUle/ 
xiii.  374-384. 


Die  Ursache  der   Phosphorescenz  i  *  Beibl&tter/  vi.  685  (Abs.) 
der sogenannten  *  Leucfatenden Ma-  I 
terie'  nach  yorangegangener  la-  i 
solation.  (*DieNatiir,'  xxx.  4  pp.)  | 


B.  W.  Vogel 


1882. 

Ueber  die  Benntzung  der  Phos- 
phorescenzplatten  ftir  Empfind- 
lichkeitflbestimmungen.    (May.) 


•Phot.  Mitth.*xix.  46-47; 
« Beiblatter,'  vi.  87t> 
(Abe.) 


E.  Lommel    . 


Phosphorescenz. 


1886. 

(Read  Nov.  6.) 


M.    Wolf  and   P. 
Lenard. 


B.  Walter      . 


w  • 


V.   Klatt   and    P. 
Lenard. 


L.  de  Boisbandran . 
E.  Lommel     . 

K.  E.  Brooks . 
H.  Becquerel . 


1888. 

Phosphorescenz  und  Photographic. 
(Aug.) 

1889. 

Die  Aendemng  dee  Flnorescenz- 
vermogen  mit  der  Concentration. 
(Jan.) 

Ueber  den  Nachweis  des  Zerfalles 
von  MolecolargrappeninLosungen 
dorch  Fluorescenz-  and  Absorp- 
tionserschelnang.     (Jan.) 

TJeber  die  Phosphorescenzen  des 
Kupfers,  Bismnths  and  Mangans 
indenErdalkalisulphiden.  (Jaly.) 


1890. 

Sar  qaelques  noavelles  fluorescences. 
(Read  Jan.  6.) 

Phoephorophotographie  des  ultra- 
rothen  Gitterspectrums.  (Read 
March  1.) 

On  the  Phosphorescence  of  Lithium 
Compounds  in  vacuo  and  the 
Spectra  of  Coated  Terminals. 
(Nov.) 

1891. 

Sur  les  diff^rentes  manifestations 

de  la  phosphorescence  des  min6- 

rauz  sous  rinfluence  de  la  lumi^re 

et  de  la  chaleur.     (Read  Mar.  16.) 


'Sitzungsb.  Akad.  Barer, 
xvi.  283-298  ;  •Ann. 
Phys.  u.  Chem.'  [N.F,]» 
xn.  473-487;  'J.  Chem. 
Soc'  lii.  410-411  (Abs.) 


•  Eder's  Jahrb.  f .  Photop.' 
1889,  141-148;  •Bel- 
blatter/  xiii.  221  (Abe.) 


*Ann.    Phys.    u.    Chem." 
[N.P.],  xxxvi.  602-618; 

*  Zeitschr.    f .    physikal. 
Chem.'  iii.  234  (Abe.) 

•Ann.     Phys.    u.  Chem," 
[N.F.],  xxxvi.  518-632 ; 

*  Zeitschr.    f.    physikal. 
Chem.*  iii.  234  (Abs.) 

•Ann.    Phys.    u.    Chem/ 
[N.F.].  xxxviii.  90-107 . 

*  J.  Chem.  Soc'lviii.  201 
(Abs.) 


•C.  R.' ex. 24-28  ;  •Nature,' 
xli.  263  (Abs.) 

•  Sitzungsb.       d.      Akad. 
Munchen,*  xx.  83-87. 

*  Chem.  News,'  bdi.  239. 


•C.R.'cxii.  667-563;  •Na- 
ture,' xUU.  504  (Abs.) ; 
*  Chem.  New8,'lxiii.  165- 
166  (Abs.) 
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FlUOBESCEKOB,  1891,  1892— ASTBONOMIGAL  APFLICATIONS,  1880,  1882,  1883,  1884. 


W.  Bohlendorf 


P.  Drnde  and  W. 
Nemst. 


Bemerknng  za  der  Abhandlnng  des 
Herm  B.  Walter  <  Ueber  den  Nach- 
weis  des  Zerfalles  von  Molecalar- 
gruppen  in  Losongen  dorch  Flno- 
resoenz  and  AbsorptionBenchei- 
Dongen.'    (July.) 

Ueber  die  Flnoresceniwirknng 
stehender  Licbtwellen«    (Dec.) 


•Ann.    Phys.    n.    ChemS 
[N.F.],  xUii.  784-789. 


'Ann.    Fbys.    n.   Chem.* 
[N.F.],  xlv.  460-474. 


G.  Salet 


W.  N.  Hartley 


1892. 

Snr  la  loi  de  Stokes:  sa  v6rifica« 
tion  et  son  interpretation.  (Read 
Aug.  1.) 

Observations  on  the  Origin  of 
Colour  and  on  Flurorescenoe. 
(Read  Dec.  1.) 


•C.  R.'  cxv.  283-284; 
«  Beibiatter/  xvi.  741 
(Abs.);  -Nature/  xlvi. 
364  (Abs.) 

•J.  CLem.  Soc.*  bdii.  263- 
256 ;  •  Proc.  Chem.  Soc/ 
No.  116,  188-189  (Abs.) 


C.^.  Hastings 


VL 

ASTRONOMICAL  APPLICATIONS. 


1880. 

A  Theory  of  the  Constitution  of  the 
Sun,  founded  upon  Spectrosoopio 
Observations,  original  and  other. 
(Presented  Oct.  13.) 


•  Proc.  Amer.  Acad.'[N.S.],. 
viii.  140-162. 


H.  Draper 


C.  l^^ves 


C.  C.KrafEt 


1882. 

On  Photographs  of  the  Spectra  of 
the  Nebula  in  Orion.    (April.) 


La  Grande  Com^te  dn  Bud. 

Spectroscopic  Researches  at  the 
Norwegian  Polar  Station  at  Bosse- 
kop.    (Report,  1882,  Part  II.) 


*  Amer.  J.  Sci.*  [3],  xxiii. 
339-341 J  •  Nature/  xxvi. 
83-34;  *  J.  de  Phys.' [2], 
li.  49-60  (Abs.) 

'Ann.  Observ.  Bruzelles/ 
1883,  201-208. 

*  Nature,'  xxxix.  615-616  ; 
(Abs.);*Beibiatter,*xiii« 
884-886  (Abs.) 


C.  Plazzi  Smyth 
C.  Fi6vc» 

N.  C.  Dnn^r  . 


1883. 

Note  on  Sir  David  Brewster's  Line 
Y  in  the  Infra-Red  of  the  Solar 
Spectrum.    (Read  Dec  17.) 

Etude  de  la  region  rouge  (A*C)  du 
spectre  solaire. 


1884. 

Sur  les  6toile8  k  spectres  de  la  troi- 
sl^me  classe.  (Presented  June  11.) 


'Trans.  Roy.  Soc.  Bdfnb.' 

zxzii.  233-238 ; « Beiblat- 

ter,'  ix.  336  (Abs.) 
'  Ann.  Observ.  Bruxelles,' 

V.  3-6;  'Beibiatter.'  viU 

849  (Abs.) 


<flandlingar  K.  Svensk. 
Vet.Akad.'xxi.No.2,l- 
92;  'Beibl&tter,*  z.  786- 
787  (Abs.);  'Nature/ 
xxxii.  610(Ab«.);xixiii. 
583-686  (Abs.);  zzxvii. 
234^36,  260^62. 
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ASTBONOMIOAL  APPLIGATIOHB,  1884,  1885, 1886. 


S.  P.  Langley,  F. 
W.  Very,  and  J. 
S.  Keeler. 


E.  von  Gothard 


On  the  Temperature  of  the  Surface 
of  the  Moon.    (Read  Oct.  17.) 


Mittheilungen  aus  dem  Astrophy- 
sikalischen  Observatorium  zu  He- 
rfeny.  (•  Publicationen  des  Astro- 
phys,  Observ.  zu  Herdny  in  Un- 
gam,'  1884, 36-63).  (Read  Dec.  16.) 


'Mem.  Nat.  Acad.  6ci.' 
(Washington),  iii.  13-42 ; 
'  Nature,'  xxziii.  210 
(Aba.).  211-212  (Abe.); 

*  Zeitschr.  f .  Instrumen- 
tenkande,'  vi.  3.58-361 
(Abs.)  ;  •  Beiblatter;  x. 
304-306  (Abs.) 

*  Math.  u.  naturwiss.  Ber. 
aus  Ungam/  iii.  34-39 ; 

*  Beiblatter,'  x.  624  (Aba.) 


L.  ThoUon     • 


E.  C.  Pickering 


W.  H.  M.  Christie 


A.  A.  Rambaut       • 


S.  P.  Langley 


8.  P.  Langley,  0.  A. 
Toung,  and  E.  C. 
Pickering. 

W.  H.  M.  Christie . 


B.  L.  Trouvelot 


A.  Huningei  . 


1885. 

Nouveau  dessin  du  spectre  solaire. 
(Read  Sept.  7.) 


Photographic    Spectra    of    Stars. 
(Presented  Dec.  3.) 


Spectroscopic  and  Photographic 
Observations  made  at  the  Royal 
Observatory,  Greenwich. 

1886. 

The  Spectroscopic  Method  of  De- 
termining the  Distance  of  a 
Double  Star.  (Roy.  Irish  Acad. 
May  24, 1886.) 

On  the  Solar  and  Lunar  Spectrum. 
(Read  Nov.  9.) 


On  Pritchard's  Wedge  Photometer. 
(Presented  Nov.  10.) 


Spectroscopic    and    Photographic 
Results. 


Sur  les  changements  temporaires 
de  r6frangibilit6  des  raies  du 
spectre  de  la  chromosphere  et  des 
protuberances  solaires  (Jan.) 

Protuberantiso  Solares  (in  Hun- 
garian). 


«C.  R.'ci.  565-667;  'Na- 
ture,* xxxii.  519  (Abs.); 
•  Beiblatter,'  ix.  790 
(Abs.)^*  'Bull.  Astron.' 
iii.  330L-343 ;  *  Beiblatter,* 
X.  700-701  (Abs.) 

*  Report  of  Harvard  Coll. 
Observ.*  1885, 1-13; 'Na- 
ture,* xxxiii.  376-377 
(Abs.) 

•Greenwich  Observ.  Re- 
port,* 1885.  xxxii.  104 
pp. ;  *  Beiblatter,*  xii. 
194-195  (Abs.) 


'Nature,'    xxxv.    206-207 
(Abs.) 


'Mem.  Nat.  Acad.  ScL 
Washington,'  iv.  159-179; 
•  Nature,*  xlL  450  (Abs.) 

•Ann.  Harvard  CoU.  Ob- 
serv.'xviii.  301  -324 ;  'Bei- 
blatter,* xii.  337  (Abs.) 

'Greenwich  Observ.  Re- 
ports,* 1886,  pp.  i-xiv 
and  1-97; '  Nature,*  xxxvi. 
140  (Abs.) 

*  Bull.  Astron.*  iii.  9-22  ; 
'  Beiblatter,*  x.  573-674; 
(Abs.);  « Nature,*  xxxiii. 
498  <Abs.),  604  (Abs.) 

'  Ber.  Erzb.Haynald*8chen 
Observ.  zu  Kalocsa  in 
Ungam,'  1886.  I.  1-17 : 
'  Nature,'  xxxix.  352 
(Abs.) 
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O.  T.  Shezman 


C.  G.  Hatchins  and 
£.  L.  Holden. 


J.  Trowbridge  and 
C.  C.  Hatchins. 


S.  J.  Perry     . 

H.  Pellat       . 

T.  £.  Espin    . 

£.  C.  Pickering      . 

T.  E.  Espln    • 

W.  H.  M.  Christie  . 


ASTBOKOMIGAL  APFLIOATIOVB, 

1887. 

Bright  Lines  in  Stellar  Spectra. 
(Jan.) 


On  the  Existence  of  certain  Ele- 
ments, together  with  the  Dis- 
covery of  Platinum,  in  the  Son. 
(Presented  March  9.) 


Oxygen  in  the  Son.    (Presented 
March  9.) 


On  the  Existence  of  Carbon  in  the 
Son.    (Presented  March  9.) 


Reports  of  the  Observations  of  the 
Total  Solar  Eclipse  of  August  29, 
1886,  made  at  the  Island  of  Car- 
riacoa.  (Reod.  April  6.  Bead 
May  6.) 

Renversement  des  raies  spectrales. 
M6thode  pour  d^rminer  la  tem- 
perature du  soleiL  (Bead  May 
28.) 

A  Probable  New  Class  of  Variable 
Stars.    (Nov.) 

Henry  Draper  Memorial  First  An* 
nual  Report  of  the  Photographic 
Study  of  Stellar  Spectra  Con- 
ducted at  the  Harvard  Observa- 
tory. 


Spectroscopic    Observations 
the  IT^in.  Equatorial. 


with 


Spectroscopic    and    Photographic 
Besults. 


'Gould's  Astron.  Joum.' 
Naxlix.  32-36;  'Nature,' 
XXXV.  378  (Abs.) 

•Proc.  Amer.  Acad.  Sci.' 
[N.S.],  XV.  14-19  ;*Amer. 
J.  Sci.'  [3],  xxxiv.  461- 
456;«Phil.Mag.'[5],xxiv. 
326-330 ; '  J.  Chem.  Soc' 
lU.     1065-1066     (Abs.); 

•  Nature,'  xxxvii.  368 
(Abs.);*Ber.'xxi.(Bef.), 
79  (Abs.);  '  Beiblatter,' 
xii.  473-476  (Abs.) 

'Proo.  Am.  Acad.  Sci.* 
zxiii.  1-9;  'Amer.  J.  Sci.' 
[3],  xxxiv.  263-270 ; 
*Pha.  Mag.'  [5],  xxiv. 
302-310 ;  '  Nature,* 

xxxvii.  47,  114  (Abs.); 
•J.  Chem.  Soc'  lii.  1066 
(Abs.);  •  Beiblatter,' xii. 
362.^6  (Abs.) 

'Proc.  Amer.  Acad.  Sci.' 
xxiiL  10-13;  *Amer.  J. 
Sd.' [3],  xxxiv.  346-348; 

•  Nature,'  xxxvii.  162 
(Abs.);  'J.  Chem.  Soc' 
lii.  1066  (Abs.);  « Ber.' 
xxi.  (Ref.),  1-2  (Abs.) ; 

•  Beiblatter,'  xu.  365- 
866  (Abs.) 

•Phil.  Trans.'  dxxx.  A. 
361-362 ;  •  Proc.  Roy. 
Soc'  xUi.  316-318  (Abs.) 


'Bull.  Soc.  PhUom.'  [7], 
xi.  165-160 ;  •  Beiblatter,' 
xi.  706-706  (Abs.) 

'  Wolsingham  Observ. 
Circ'  No.  xviii;  'Nature,' 
xxxvii.  168  (Abs.) 

'Harvard  Coll.  Observ.' 
1887,  10  pp. ;  '  Beiblat- 
ter,' xi.  637-638  (Abs.) 


'  Publications  of  the  Liver- 
pool Astron.  Soc' No.  I. 
(1887),  a-11  (continued 
in  'Astron.  Nachr.'  No. 
2788). 

'Greenwich  Observ.  Re- 
ports,' 1887,  pp.  i-xiv 
and  1-66 ;  •  Nature,' 
zxzviU.  16&.164  (Absa  i 
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ASTBOKOKIOAL  APPUCATI0N8,  1887,  1888. 


H.C.Vogel  . 
P.Ubaghs,    . 

J.  Janssen  • 
S.  J.  Perry  . 
H.C.Vogel   . 

H.  Crew    .     • 

J.  C.  B.  Barbank    . 

H.H.  Tamer. 

W.  de  W.  Abney    . 

T.  E.  Espin  . 
S.  P.  Langley 


E.  von  Gothard 
J.  Fftnyi 


H.  W.  Vogel  and 
N.  C.  Dun^. 


Ueber  Sternspectra.  (Review  of 
N.  C.  Doner's  Paper  'Sur  les 
6toile8  &  spectres  de  la  troisidme 
classe.'    Stockholm,  1886.) 

Determination  de  la  direction  et 
de  la  Vitesse  du  transport  dn  sys- 
t^me  solaire  dans  Tespace.  (lime 
partie.) 

1888. 

Note  snr  r^clipse  totale  de  Lane 
da  28  Janvier  dernier.  (Read 
Jan.  30.) 

The  Chromosphere  in  1887.    (Jan.) 


Ueber  die  Bestinmiang  der  Bewe- 
gang  von  Stemen  im  Visions- 
radius  durch  spectrographische 
Beobachtang.    (Read  Feb.  23.) 

On  the  Period  of  the  Rotation  of 
the  Son  as  determined  by  the 
Spectroscope.    (Feb.) 

Photography  of  the  least  Refran- 
gible Portion  of  the  Solar  Spec- 
tram.    (Read  March  14.) 

Report  of  the  Observations  of  the 
Total  Solar  Eclipse  of  Aagost  29, 
1886,  made  at  Orenville,  in  the 
Island  of  Grenada.  (Reed.  Feb. 
23.    Read  March  15.) 

Total  Eclipse  of  the  Sun  observed 
on  Caroline  Island  on  May  6, 
1883.  (Reed.  May  26.  Read  June 
16, 1887.    Revised  June  4,  1888.) 

The  Spectrum  of  R  Cygni.  (*  Wol- 
singham  Obs.  Circ'  No.  zzi.) 
(Aug.) 

The  Invisible  Solarand  Lunar  Spec- 
trum.   (Dec.) 


Erfahrungen  auf  dem  Gebiete  der 
Himmels-  und  Spectral-Photogra- 
phie. 

Sonnen-Protuberanzen  vom  Jahre 
1886. 


O'Gyalla  Spectroscopic  Catalogue. 


*  Vierteljahresschrift  d. 
Astron.  Ges.'  xxii.  50- 
69;  *Beiblatter,'xli.  104 
(Abs.) 

•  Bull.  Acad.  Belg.'  [13]. 
xiii.  66-70  (Report  of 
MM.  Folie  and  Houzeau 
on  the  paper) ;  •  Nature/ 
xxxvi.  45  (Abs.) 


•  C.  R.'  cvi.  325-327. 


•The  Observatory,*  Feb. 
1888, 129-130 ;  *  Nature,' 
zxxvii.  424  (Abs.) 

*  Sitzungsb.  Akad.  Berlin,* 
1888,  397-401 ;  *  Nature/ 
xxxvii.  616  (Abs.) ;  *  As- 
tron. Nachr.'  No.  2839, 
97-100. 

'Amer.  J.  Sci.*  [3],  xxxv. 
151-159;  'Nature,*  xl. 
550  (Abs.) 

*Proc.  Amer.  Acad.  Sci.* 
[N.S.],  XV.  301-304. 

•Phil.  Trans.*  dxxx.  385- 
398;  •Proc.  Roy.  Soc.* 
xliii.  428-430  (Abs.) 


•Phil.    Trans.*   clxxx.   A. 
119-135. 


*  Nature,*  xxxviii.  423 
(Abs.) 

« Amer.  J.  Sci.*  [3],  xxxvi. 
897-410  ;«Pba.  Mag.' [5]. 
xxvi.  505-520;  <  Nature/ 
xxxix.  189  (Abs.);  '  Bei- 
biatter,*  xiii.  310-311 
(Abs.);  'J.  Chem.  Soc.* 
Ivi.  825  (Abs.) 

•  Eder's  Jahrb.  f .  Photog.* 
1888,  288-243. 

•  Ber.  Erzb.  Haynald'schen 
Obs.  zu  Kalocsa  in  Un- 
gam/  IV.  1-60;  •  Nature/ 
xxxix.  852  (Abs.) 

*  Nature,*  xxxvii.  259 
(Abs.) 
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B.  C.  Pickering 


The  Henry  Draper  Memorial  Second 
Annual  Report  of  the  Photofoa* 
phio  Study  of  Stellar  Spectra,  con- 
ducted at  Harvard  College  Ob- 
servatory.   (8  pp.) 


•  Beibiatter/  xii.  796-796 
(Abs.) ;  <  Nature/  xzxviii. 
308-307  (extract). 


A.  Schuster   . 


L.  Darwin,  A.  Schus- 
ter, and  B.  W. 
Maunder. 

H.  A.  Rowland 


H.  C.  Vogel 


J.  Waterhouse 


W.  Muggins 


T.  E.  Espin 


J.  N.  Lockyer 


W.    Huffgins    and 
Mrs.  Huggins. 


T.  £.  Espin 


J.  N.  Lockyer 


\V.    Hoggins    and 
Mrs.  Huggins. 


1889. 

Observations  of  the  Total  Solar 
Eclipse  of  August  29, 1886.  (Read 
Feb.  4.) 

On  the  Total  Solar  Eclipse  of  August 
29, 1886.  (Reed.  Jan.  28.  Read 
Feb.  14.) 

Photographic  Map  of  the  Solar 
Spectrum  (second  series).  (Pub- 
lication Agency  of  the  Johns 
Hopkins  University.)    (Feb.) 

Ueber  die  auf  den  Potsdamen  Ob- 
servatorium  untemommen  Unter- 
suchungen  iiber  die  Bewegung  der 
Steme  im  Visionsradius  vermit- 
telst  der  spectrographischen  Me- 
thode.    (March.) 

Photography  of  the  Solar  Spectrum. 
(March.) 

Photography  of  the  Red  End  of  the 
Spectrum.    (Read  April  8.) 


On  the  Limit  of  Solar  and  Stellar 
Light  in  the  Ultra- Violet  Part  of 
the  Spectrum.  (Reod;  March  28. 
Read  April  4.) 

The  Spectra  of  R  Leonis  and  R 
Hydra.    (April.) 

On  the  Wave-Length  of  the  Chief 
Fluting  seen  in  the  Spectrum 
of  Manganese.  (Reed.  April  6. 
Read  liay  2.) 

On  the  Spectrum,  Visible  and 
Photographic,  of  the  Great  Nebula 
in  Orion.  (Reed.  April  11.  Read 
May  2.) 

The  Spectrum  of  x  Cygni.   (May.) 


Note  sur le  spectre  d'Uranus.  ( Read 
June  3.) 


Note  on  the  Photographic  Spectra 
of  Uranus  and  Saturn.  (Reed. 
June  5.    Bead  June  6.) 


*  Phil.  Trans.*  clxxx.  291- 
384;  'Nature,*  zli.  327 
(Abe.) 

•Phil.  Trans.'  clxxx.  A. 
291-360. 

*Chem.  News.'  lix.  124- 
125;  •Beibiatter;  xiii. 
682  (Abs.) 

•Astr.  Nachr.'  cxxi.  241- 
258;  •Beibiatter/  zlii. 
947-949  (Abs.)  (com- 
pare *Sitzung8b.  Akad. 
Berl.'  1888,  397-401). 

*  Phil.  Mag.'  [6],  xxvii.  284. 

*  Proceedings  of  the  Asia- 
tic Soc.  of  Bengal,'  1889, 
No.  4, 154-168; 'Nature/ 
xU.  67  (Abe.) 

*  Proc.  Roy.  Soc.'  xlvi.  133- 
135;  •Beibiatter/  ziU. 
884  (Abs.) 

*  Wolsingham  Observatory 
Circ'  No.  xxiii. ; « Nature/ 
zxxix.  567  (Abs.) 

« Proc.  Roy.  Soc.'  xlvi.  35- 
40 ;  •  Beibiatter/  xiii.  812 
(Abs.) 


•Proc.  Roy.  Soc/  xlvi. 
40^60;  'Nature/  xl. 
406-407.  429-432. 


•  Wolsingham  Observ. 
Circ/  No.  xxiv. ;  « Nature/ 
xl.  135  (Abs.) 

•C.  R/  cviii.  1149-1151; 
•Beibmtter/  xiii.  688 
(Abs.) 

•Proc.  Roy.  Soc/  xlvi. 
23U233  ;  •  Beib  attcr/ 
xiii.  949  (Abs.) 
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W.  Hoggins  , 
J.  N.  Lockyer 


J.  E.  Keeler  . 
J.  Ffenyi 

J.  Scheiner    • 

G.  Sporer 
C.  V.  Zengcr  . 

E.  C.  Pickering 

T.  E.  Espin    . 
A.  Eico5 

A.  M.  Gierke  . 
H.  C.  Vogel    . 

E.  C.  Pickering 

J.  N.  Lockyer 


H.  C.  Vogel  and  J. 
Scheiner. 


A.Ii.CoTtie  . 


'8nr  le  speetre  photographiqne 
d'Uraniu.    (Bead  Jane  17.) 

On  the  Canse  of  Variability  in  con- 
densing Swarms  of  Meteorites. 
(Becd.  Jane  27.) 

Farther  Discassion  of  the  San-spot 
Observations  made  at  Soath 
Kensington.    (Beod.  June  27.) 

On  the  Spectra  of  Satam  and 
Uranas.    (July  18.) 

Deux  Eruptions  sor  le  Solell. 
(Becd.  July  22.) 

Vorlftufige  Mittheilung  ilber  XJnter- 
BuchuDgen  an  pbotographischen 
Aufnahmen    von    Stemspectren. 

(July.) 

Lettere  alProf.  Bicc6sulle  macchie 
solari  del  Giugno  1889.    (Aug.) 

La  speotiophotographie  des  parties 
invisibles  da  spectre  solaire.  (Bead 
Sept.  9.) 

Southern  Stars  having  Peculiar 
Spectra.  Spectrum  of  Pleione. 
(Sept.) 

The  Spectrum  of  B  Andromedss. 
^Oct.  31.) 

Le  maochie  solari  di  Giugno,  1889. 
(Oct.) 


The  Spectra  of  the  Orion  Nebula 
and  of  the  Aurora.    (Oct.) 

Lettere  al  Prof.  Bicc6  suUe  maochie 
solari  del  Giugno  1889. 


On  the  Spectrum  of  C^rsaB  Majoris. 
(Bead  Nov.  13.) 


Further  Discussion  of  the  Sun-spot 
Observations  made  at  South 
Kensington.  A  Beport  of  the 
Solar  Physics  Committee.  (Becd. 
June  27.    Bead  Nov.  21.) 

Besultate  spectrogzapfaischer  Beo- 
bachtungen  des  Sterns  Algol. 
(Bead  Nov.  28.) 

Notes  on  the  Spoctrum  of  the  San- 
Spot  of  June,  1889.    (De&) 


0.  B.'  cviU.  122a-1229 ; 
^Beiblatter/  xiii.  688 
(Abs.) 

Proc.  Boy.  Soc.'  xliv.  401- 
423;  '  Beiblatter,'  xiv. 
616-516  (Abs.) 

Proc.  Boy.  Soc.*  xlvi. 
385-401;  *Beiblatter; 
xiv.  513  (Abs.) 

Astr.  Nachr.' cxxii.  401- 
404. 

0.     B.*     cix.    132-1.1.1; 

»Beiblatter,'  xiii.  S^.^i 
(Abs.) 

Astr.  Nachr.'  cxxii.  321- 
344;  'Nature/  xli.  163- 
164  (Abs.)  ;  *  Beibliitter; 
xiii.  949-950  (Abs.) 

Mem.  spettroscop.  ital.' 
xviii.  185-188. 

0.  B.'  cix.  434-436; 
•Nature/ xl.  639  (Abs.); 
•Chern.  News,'  Ix.  184- 
185  (Abs.) 

Astr,  Nachr,'  cxxiii.  95- 
96;  *  Nature.*  xli.  115 
(Abs.) 

Nature/  xl.  656. 

Mem.  spettroscop.  ital.* 
xviii.  180^184;  'Nature/ 
xli.  115  (Abs.) 

Observatory/  1889,  366- 
370. 

Mem.  spettroscop.  ital.* 
xviii.  198  ;  *  Nature,'  xli. 
233  (Abs.) 

Amer.  J.  Sci/  xxxix.  46- 
47;  'Observatory/  xiii. 
80-31. 

Proc.  Boy.  Soc.'  xlvi. 
385-401. 


SitBungsb.  Ak«t  Beri.* 
1889  [Phys.-math.],  1045 ; 
•Nature,*  xU.  164  (Abs.) 

Month.  Not.  Boy.  Ast. 
Soc.'  1.  64-65,  331-382 ; 
'  Nature,'  xUii.  210  (Abs.) 
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Abtbonomical  Applicatiokb,  1889, 1890. 


A.  Fowler 


J.  N.  Lockyer 


A.  Ricc6 


P.  Taochini    . 


£.  C.  Pickering 


W.  H.  M.  Christie 


H.  Crew 


B.  C.  Pickering 


H.  C.  Vogel 


J.  N.  Lockyer 


J.  Seh^iner 


Objects  for  the  Spectroscope. 
(Nov.-Dec.) 

Comparison  of  the  Spectra  of 
NebaliB  and  Stars  of  Groups  I.  and 
II.  with  those  of  Comets  and 
Aurorae.  (Reed.  Nov.  9.  Read 
Dec.  19.) 

The  Presence  of  Bright  Carbon 
Flutings  in  the  Spectra  of  Celes- 
tial Bodies.  (Reed.  Nov.  23. 
Bead  Dec.  19.) 

Osservazioni  astrophysicbe  solari. 
Nova  nella  nebulosa  di  Andro- 
meda.   Nova  presso  x  Orionis, 

Maochie  e  facole  solari  osservate 
nel  Regio  Osservatorio  del  Colle- 
gio  Romano,  nel  3°  trimestre  del 
1889. 

The  Henry  Draper  Memorial.  Third 
Annual  Report  of  the  Photo- 
graphic Study  of  Stellar  Spectra, 
conducted  at  Harvard  College 
Observatory.    (8  pp.) 

Spectroscopic  Results     . 


On  the  Period  of  the  Sun*s  Rota- 
tion. (Haverford  College  Studies, 
1889.    12  pp.) 

1890. 

On  the  Spectrum  of  (  Ursas  Majoris. 
(Jan.) 


Spectrosoopische      Beobachtungen 
an  Argol.    (Jan.) 


On  the  Chief  Line  in  the  Spectrum 
of  the  Nebulae.  (Reed.  Dec.  9, 
1889.  Read  Jan.  16,  1890.  Re- 
vised May  1890.) 

Preliminary  Note  on  Photographs 
of  the  Spectrum  of  the  Nebula  in 
Orion.  (Reod.  and  read  Feb. 
13.) 

Note  on  the  Spectrum  of  the 
Nebula  of  Orion,  (Received 
and  read  Feb.  IS.) 

Untersuchungen '  iiber  die  Stem- 
speotra  ¥om  I  Typns  auf  Grand 
von  photogn^hisoben  Auf  nahmen. 
(Feb.  13.) 


•Nature,'  xU.  20.  44-46. 
68,  87-88, 114-115,  138- 
139, 163, 183. 

•  Proo.  Roy.  Soc.'  xlvii.  28- 
89;  •Beiblatter,'xiv.  516 
(Abs.) 


•Proc.  Roy.  Soc.'  xlvii. 
39-41 ;  '  Beiblatter,'  xiv. 
616  (Abs.) 

'Mem.  spettroscop.  ital.' 
xvii.  135-140. 

*Mem.  spettroscop.  ital.' 
xvui.  191-197;  'Na- 
ture,' xli.  233-234  (Abs.) 

•Nature,'  xl.  17-18  (Abs.) 


•Greenwich  Observ.  Re- 
port,'1888,  Ixxxv.,  Ixxxvi. 
1-19;  •Nature,'  xlii.  209 
(Abs.) 

•Beiblatter,'  xiii.  884 
(Abs.) 


'  Amer.  J.  Sci.'  [3],  xxxix. 
46-47  ;•  Nature,' xli.  285- 
286  (Abs.);  •  Beiblatter,' 
xiv.  516  (Abs.) 

•Astr.  Nachr.'  No.  2947, 
289-292;  •  Nature,'  xli. 
286  (Abs.);  'Beiblatter; 
xiv.  283-284,  789  (Abs.) 

•Proc.  Roy.  Soc'  xlviii. 
167-198. 


•Proc.  Roy.    Soc.'   xlviii. 
199-201: 


•Proc    !Roy.   Soc.'  xlviii. 
198-191). 


•Siteungsb:  Akad.  Berl.* 
1890,  •1431151  ;  •  Bei- 
bUtter/  xiv.  514  (Abs.) 
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ASTBONOKIOAL  APPLICATIONS,  1890. 


B.  O.  Pickering      . 
MazweU  HaU 

T.  W.  Backhouse   . 
E.  C.  Pickering      . 

A.  Fowler 

A.  A.  Bambaat 


W.    Haggins    and 
Mrs.  Huggins. 


H.  C.  Vogel  . 

O,  Michie  Smith  . 
E.  C.  Pickering  . 
N.  0.  Dnnfir  . 

A.  Fowler      • 


J.  K.  Lockyer 


A.  Fowler 


W.    Huggins    and 
Mr8.  Huggins. 


The  Spectra  of  8  and  fi  Centauri. 
(Feb.) 

Spectrum  of  the  Zodiacal  Light. 
(Feb.) 


The  Spectrum  of  Borelli*s  Comet  (g 
1889).    (Feb.) 

Observations  of  {  UrssB  Majoris. 
(Feb.) 

Note  on  the  Zodiacal  Light.  (Feb.) 

On  the  Parallax  of  Double  Stars. 
(March.) 

On  a  Be-determination  of  the  Prin- 
cipal Line  in  the  Spectrum  of  the 
Nebula  in  Orion,  and  on  the 
Character  of  the  Line.  (Reed. 
March  20.    Bead  June  12.) 

Bahnbewegung  des  Sterns  a  Vir- 
ginis.    (Bead  April  24.) 


Notes    on    the    Zodiacal    Light. 
(April.) 

On  a  New  Variable  Star  in  Coelnm. 
(April.) 

Sur  la  rotation  du  soleil.    (May.) 


Objects     for    the     Spectroscope. 


The  Spectrum  of  Comet  Brooks 
(a  1890).    (May.) 

On  the  Spectra  of  Comet  a  1890 
and  the  Nebula  Q.  C.  4058.  (Kecd. 
June  12.    Bead  June  12.) 

The  Spectrum  of  Comet  Brooks  {a 
1890).    (June.) 

Note  on  the  Photographic  Spec- 
trum of  the  Great  Nebula  in 
Orion.  (Reod.  April  16.  Read 
June  12.) 


•Astr.*  Nachr.'  No.  2951, 
363;  'Nature,'  zli.  374 
(Abs.) 

*  Observatory,'  xiii.  77-79; 

•  Nature.' xli.  351  (Abs.); 

*  Beiblatter,'     xiv.     377 
(Abs.) 

*  Observatory,'  xiii.  90  ; 
•Nature,' xli.  374  (Abs.) 

'  Sidereal  Messenger,'  ix. 
80-82;  •  Nature,' xli.  403 
(Abs.) 

•  Nature,'  xli.  402-403. 

•  Monthly  Not.  Boy.  Astron. 

Soc'    1.   303-310;    'Na- 
ture,' xlii.  112-113  (Abs.) 

•Proc.  Boy.  Soc'  xlviii. 
202-213. 


*Sitzungsb.  Akad.  Berl.' 
xxii.  401-402  ;  *  Nature,' 
xlii.  90  (Abs.);  •Bei- 
blatter,' xiv.  622  (Abs.) 

•Proc.  Boy.  Soc  Bdinb.' 
xvii.  142-146 ;  •  Nature,' 
xliii.  22  (Abs.) 

•  Astr.  Nachr.'  No.  2962, 
175;  •Nature,'  xli.  671 
(Abs.) 

•Astr.  Nachr.'  No.  2968, 
267-270;  'Nature,'  xlii. 
138  (Abs.);  'Beiblatter,' 
xiv.  620  (Abs.) 

•Nature,'  xlii.  20,  87,  67- 
68,  89-90,  111-112,  137- 
138,  161-162,  182,  208- 
209,  235-236,  281-282, 
303,  330,  354,  377,  404. 
428,  459-460,  489,  511, 
526,  555,  576,  600,  619. 

•Nature,' xUi.  112. 


'Proc,    Roy.  Soc'    xlviii. 
217-220. 


•  Nature,'  xlii.  162. 


'Proc.  Boy.    Soc'  xlviii. 
213-216. 
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Astronomical  Applications,  1890. 


W.    Hoggins    and 
Mrs.  Hnggins. 

W.  Huggins   . 


J.  Janssen 

W.  Huggins  . 

E.  A.  B.  Moachez  . 

H.C.Vogel   . 

L.  Becker 

A.    de    la    Banme 
Pluvinel. 

£.  C.  PickeriDg 
C.  Piazzi  Smyth     . 
J.  N.  Lockyer 

IT  • 

J.  Janssen 

E.  C.  Pickering      . 


1894. 


On  a  New  Gronp  of  Lines  in  the 
Photographic  Spectrum  of  Sirins. 
(Reed.  April  25.    Read  June  12.) 

Snr  le  spectre  visible  et  photo- 
graphique  de  la  grande  D^buleuse 
d*Orion.    (Read  June  23.) 

Snr  r^clipse  partielle  du  soleil  du 
17  juin.    (Read  June  23.) 


Sar  le  spectre  photographique  de 
Sinus.    (Read  June  30.) 


Photographies  spectrales  d'6toiles 
de  MM.  Henry,  de  I'Observatoire 
de  Paris.    (Read  July  7.) 

Ueber  die  Bahnbewegung  von  a 
Virginis.    (July.) 

The  Solar  Spectrum  at  Medium 
and  Low  Altitudes.  (Read  July 
21.) 

Sur  Tobservation  de  T^clipse  an- 
nulaire  du  soleil  du  17  juin  1890. 
(Read  July  28.) 

Stars  having  Peculiar  Spectra. 
(Aug.) 

Photographs  of  the  Invisible  in 
Solar  Spectrography.  (Read 
Sept.  8.) 

Comparison  of  the  Spectra  of  Ne- 
bulas and  Stars  of  Groups  I.  and 
II.  with  those  of  Comets  and 
Aurora.    (Aug.) 

On  Stellar  Variability.    (Aug.) 

Compte  rendu  d'ane  ascension 
scientifique  au  Mont- Blanc.  (Read 
Sept.  22.) 

Stars  having  Peculiar  Spectra, 
(Oct.) 


Stars  having  Peculiar  Spectra,  in- 
cluding New  Variables  in  Tri- 
angulum and  Hydra.    (Oct.) 

Stars  having  Peculiar  Spectra. 
(Oct.) 


*Proc.   Roy.  Soc.'   xlviii. 
216-217. 


<  C.    R.'    ex.    1310-1311  ; 

•  Nature/ xlii.  240  (Abs.); 

•  Beiblatter/  xiv.  790 
(Abs.) 

•C.   R.*     ex.     1290-1292; 

*  Nature/  xlii.  256  (Abs.)  ; 
'Chem.  News/  Ixii.  38 
(Abs.)  ;  *  Beiblatter/  xix. 
787  (Abs.) 

'C.  R.     ex.     1357-1358 

*  Nature/  xUi.  263  (Abs.); 
*Chem.  News/  brii.  38 
(Abs.)  ;  « Beiblatter/  xiv. 
790  (Abs.) 

*  0.  R/  cxi.  6-6 ;  *  Nature, 
xlii.  282  (Abs.);  *  Bei- 
blatter/ xiv.  789  (Abs.) 

'Astr.  Nachr.'  No.  2995, 
305-316;  'Nature/  xliii. 
236-237  (Abs.) 

«  Trans.  Roy.  Soc.  Edinb/ 
xxxvi.  99-210;  'Nature/ 
xliii.  399-400  (Abs.) 

*C.R/ cxi. 220-222;  'Na- 
ture/ xlii.  360  (Abs.) 

'Astr.  Nachr.'  No.  2986, 
155-156;  'Nature/  xlii. 
429  (Abs.) 

'Brit.  Assoc.  Rep.*  1890, 
750-751  ;  '  Beibmtter,' 
xvi.  279  (Abs.) 

'Nature/  xlii.  342-345^. 
393-397. 


'Nature/ xlii.  416-419. 

'C.R/ cxi. 431-447;  'Na- 
ture/ xlii.  555  (Abs.) 


«Astr.  Nachr/  No.  2997, 
363-364;  'Nature/  xHi. 
619  (Abs.) 

'Astr.  Nachr/  No.  3008^ 
117-120;  'Nature/  xliii. 
184  (Abs.) 

'Astr.  Nachr.'  No.  3011. 
166;  'Nature/  xliU,  280 
vAbs.) 

Digitized  by  VjOOQIC 


210 


REPORT — 1894. 


Astronomical  Applications,  1890, 1891. 


G.  E.  Hale     . 

A.  Fowler 

A.  L.  Cortle  • 
T.  E.  Espin    . 

F.  McClean 


G.  Higgs 

W.    Huggins    and 
Mrs.  Huggins. 

A.  L.  Cortle   . 


M.  Fleming    . 
L.  Thollon     . 

J.  Janssen 

N.  von  Eonkoly     . 

E.  C.  Pickering  . 
W.  H.  M.  Christie  . 
H.  Deslandres 

H.  A.  Rowland 
E.  C.  Pickering      . 


Note  on  Solar  Prominence  Photo* 
graphy.    (Oct.) 

The  Duplicity  of  a  Lyro.    (Nov.)  . 


Spectroscopic  Notes  and  Queries. 
(Nov.) 

On  the  Variation  of  the  Spectra  of 
R  Coronse  and  R  Scnti,  and  on 
the  Spectra  of  R  Aurigss  and  R 
Andromedae.    (Nov.) 

Comparative  Photographs  of  the 
High  Sun  and  Low  Sun  Visible 
Spectra,  with  Notes  on  the  Method 
of  Photographing  the  Red  End  of 
the  Spectrum.    (Nov.) 

Photograph  of  the  A  Line  in  the 
Solar  Spectrum.    (Nov.) 

On  Wolf  and  Rayet's  Bright-Line 
Stars  in  Cygnus.  (Reed.  Nov. 
25.    Read  Dec.  11.) 

Observations  of  the  Spectra  of  Sun- 
Spots  in  the  Region  B-D,  made  at 
the  Stonyhnrst  College  Observa- 
tory in  the  Years  1882-1889.  (Dec.) 

Stars  having  Peculiar  Spectra. 
(Dec.) 

Nouveau  dessin  du  spectre  solaire. 


Sur  le  spectre  de  Toxyg^ne     . 

Spectroscopische  Beobachtung  des 
Eometen  Sawertbal. 

The  Draper  Catalogue  of  Stellar 
Spectra. 


Greenwich  Spectroscopic  Observa- 
tions for  1889. 

1891. 

Sur  le  spectre  de  a  Lyne.    (Read 
Feb.  23.) 


Report  of  Progress  in  Spectrum 
Work.    (Feb.) 


A  Fifth  Type  of  Stellar  Spectra. 
(Feb.) 


•Astr.  Nachr.'  No.  3006, 
81-82;  'Nature,'  zliii. 
133  (Abs.) 

'  Month.  Not.  Roy.  Astron. 
Soc'  li.  8-11;  'Nature,* 
xlui.  64-65  (Abe.) 

'Month.  Not.  Roy.  Ast. 
Soc.'  li.  18-23. 

'Month.  Not.  Roy.  Ast. 
Soc'li.  11-13;  'Nature.' 
xliii.  165  (Abs.) 


'Month.   Not.   Roy. 
Soc'  li.  13-17. 


Ast. 


•Month.  Not.  Roy.  Ast. 
Soc'  li.  18. 

'Proc.  Roy.  Soc.'  xlix.  3.3- 
46 ;  *  Chem.  News,'  briii 
27-30,  39-40. 

'Month.  Not.  Roy.  Ast. 
Soc'  li.  76-78  (Abs.); 
'Nature,'  xliii.  266-257 
(Abs.) 

'  Astr.  Naohr.'  No.  3025  [6] ; 

•  Nature,'  xliii.  645  (Abs.) 

'Annales  de  I'Obscrv.  de 
Nice,'  iii.  A7-A112;  'Na- 
ture,' xlii.  303  (Abs.) 

*  Vierteljahrb.  d.  Astron. 
Gesellfich.'  zzv.  2-5. 

'  O'Gjralla  Observations,' 
1888-9;  'Nature,'  xlii. 
650  (Abs.) 

'Annals  of  Harvard  Coll. 
Observ,'    xxvii.     1-388 ; 

•  Nature,'     xliv.     89-90 
(Abs.) 

'  Nature.'  xUii.  210  (Abs.) 


•C.R.'cxii.  413-414; 'Na- 
ture,' xliii.  432  (Abs.); 
'Chem.  News.'  hdii.  131 
(Abs.) 

'  Johns  Hopkins  Univ. 
Ciro.'Na 85, 41-42; 'Na- 
ture/xliii.  452-453  (Abs.) 

'Astr.  Nachr.'  No,  3026. 
1-2. 
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Astronomical  Applications,  1891. 


J.  B.  Keeler  . 
J.  N.  Lookyer 

E.  C.  Piokering 
J.  Eleiber      . 


T.  E.Efipin    . 
E.  C.  Pickerisg 


O.  E.  Hale  . 
T.  E.  Espin  . 
H.  Deslandres 
€.  Piazzi  Smyth 

O.  E.  Hale  . 
H.  Fizeau 

£.  L.  Tronvelot 

C.  A.  YoTing  • 
B.  W.  Maunder 


On  the  Chief  Line  in  the  Spectrum 
of  the  Nebulae.  (Reed.  March  13. 
Read  March  19.) 

On  the  Causes  which  produce  the 
Phenomena  of  New  Stars.  (Reed. 
Nov.  28,  1890.  Read  April  16, 
1891.) 

The  Discovery  of  Double  Stars  by 
their  Spectra.    (May.) 

Ueber  die  mittlere  Entfemung 
derjenigen  Sterne  deren  eigene 
Bewegung  im  Visionsradins 
bekannt  ist.    (May.) 

Photo-Stellar  Spectra.    (June.) 

Stars  having  Peculiar  Spectra. 
(July.) 

The  Spectrum  of  fi  Lyrse.    (Aug.)  . 


On  Stars  having  Peculiar  Spectra. 
(Aug.) 

Photographic  Investigation  of  Solar 
Prominences  and  their  Spectra. 
(Aug.) 

On  Nova  Am'igss.    (Aug.) 


Recherches  nouvelles  sur  Vatmo- 
sphere  solaire.    (Read  Aug.  17.) 

Report  of  the  Committee  on  Re- 
searches upon  the  Ultra-Violet 
Rays  of  the  Solar  Spectrum. 
(Read  Aug.  24.) 

The  Ultra- Violet  Spectrum  of  the 
Solar  Prominences,    (Aug.) 

Remarques  sur  Tinfluence  que 
Taberration  de  la  lumi^re  pent 
ezercer  sur  les  observations  des 
protuberances  solaires  par 
Tanalyse  spectrale.    (Sept.) 

Chute  d'nne  protuberance  solaire 
dans  Touverture  d'une  taohe. 
(Read  Oct.  5.) 

Note  on  the  Chromospheric  Spec- 
trum.   (Oct.  20.) 

The  Chief  Nebular  Line.    (Oct.)   . 


*  Proo.  Roy.  Soc.'  xlix.  389- 
403. 


*Proc.  Roy.  Soc.'  xlix.  443- 
446  (Abs.) 


*Astr.  Nachr.'  No.  3034, 
156-156 ;  *  Nature.*  xliv. 
138  (Abs.) 

*  Astr.  Nachr.*  cxxvii.  No. 
3037.209-212;  'Beibiat- 
ter.'  xvii.  763-754  (Abs.) 

*  Nature,' xUv.  133-134. 

*  Astr.  Nachr.'  No.  3049, 
11-14;  'Nature,'  xUv. 
S06  (Abs.) 

'Astr.  Nachr.'  No.  3051, 
39-42;  'Nature,'  xUv. 
366  (Abs.) 

'Astr.  Nachr.'  No.  3054. 
121-122;  'Nature,'  xUv. 

438  (Abs.) 

'Amer.  J.  Sci.'  [3],  xlii. 
160-166;  'Nature,'  xliv. 

439  (Abs.) 

*  Wolsingham  Observ. 
Circ'  No.  33;  'Nature,' 
xlvi.  400  (Abs.) 

'C.    R.'    cxiii.     307-310; 

♦  Chem.  News,'  Ixiv.  126 
(Abs.) 

'Brit.  Assoc.  Rep.'  1891, 
147-148;  'Belblatter,' 
xvi.  610  (Abs.) 

'Brit.  Assoc.  Rep.'  1891, 
557-658  ;  '  Amer.  J.  Sci.' 
[3],  xlu.  469-467. 

«C.    R.'    cxiii.     363-356; 

*  Nature,'  xliv.  530  (Abs.) 


'C.    R.'    cxiii.     437-438; 
•  Nature,'  xlvi.  258  (Abs.> 


'  Nature,'  xlv.  28. 


'J.  Brit.  Astron.  Assoc'  i. 
25-33 ;  '  Nature,  xlilL 
166  (Abs.) 
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K  C.  Pickeriog 

A.  L.  Cortie  . 
H.  Deslandres 

M.  Fleming   . 

C.  A.  Young  . 
H.  C.  Vogel   . 

A.  Ck)rnii 

H.  Deslandres 

J.  Schemer    . 

E.  W.  Maunder 
W.  Huggins   . 

W.    Huggins    and 
Mrs.  Huggins. 

O.  E.  Hale     . 

H.  Deslandres 

H.  Seeliger    . 

C.  Piazzi  Smyth     . 


ASTBOKOMIOAL  APPLICATIONS,  1891, 

The    Distribution    of    Energy   in 
Stellar  Spectra.    (Oct.) 


The  Chromospheric  Line  Angstrom 
6676-9.     (Nov.  19.) 

Becherches  snr  le  mouvement 
radial  des  astres  avec  le  sid^- 
rostat  de  TObservatoire  de  Paris. 
(Read  Nov.  23.) 

Stars  having  Peculiar  Spectra, 
Group  of  Stars  of  the  Fifth  Type 
in  Cepheus.    (Nov.) 

The  Chromospheric  Line  \  6676-9. 
(Dec.  16.) 

On  the  Spectrographic  Method  of 
Determining  the  Velocity  of  Stars 
in  the  Line  of  Sight.    (Dec.) 

Sur  la  m6thode  Doppler-Fizeau     . 


1892. 

Becherches  nouvelles  sur  Tatmo- 
sph^  solaire.    (Read  Feb.  8.) 

Berichtigungen  zu  'Die  Spectral- 
analyse  der  Gestime.'    (April.) 

Spectrum  of  Nova  Aurigse 

The  New  Star  in  Auriga.  (Read 
May  13.) 

On  the  New  Star  in  Auriga.  (Bead 
May  19.) 

Photographies  de  la  chromosph^, 
des  protuberances  et  des  facules 
solaires,  prises  d,  I'Observatoire 
d* Astronomic  Physique  de  Ken- 
wood, Chicago.    (Bead  July  11.) 

B^sultats  nouveauz  sur  I'hydrog^ne, 
obtenus  par  I'^tude  spectrale  du 
soleil.  Bapprochements  avec 
r6toilenouvelleduCocher.  (Bead 
July  25.) 

Ueber  den  neuen  Stem  im  Stem- 
bilde  Auriga.    (July.) 


Second  Beport  of  the  Committee 
appointed  to  co-operate  with  Dr. 
C.  Piazzi  Smyth  in  his  Researches 
on  the  Ultra- Violet  Rays  of  the 
Solar  Spectrum.     (Aug.) 


1892. 

*  Astr.  Nachr.'  cxrviii.  No.r 
3069,377-380;  'Nature,' 
xlv.  159  (Abs.);  « Bei- 
blatter,'  zviii.  97-98- 
(Abs.) 

•  Nature,*  xlv.  103-104. 

•C.  B.*  cxiii.  737-739,- 
« Nature,'  xlv.  117  (Abs.) 


•Astr.  Nachr.'  No.  307O, 
403-404;  'Nature,'  xlv. 
210  (Abs.) 

'  Nature,'  xlv.  198. 

'Month.  Not.  Boy.  Ast. 
Soc'lii.  87-96;  'Nature,' 
xlv.  280-281  (Abs.) 

'Annuaire  du  Bureau  de 
Longitudes,'  1891,  Dl- 
D40. 


•0.  B.'  cxiv.  276-277;: 
*  Beiblatter,'  xvii.  565- 
566  (Abs.) 

•Astr.  Nachr.*  cxxix.  No» 
3082, 167-160 ;  '  Beiblat- 
ter/ xvii.  129  (Abs.) 

'  Nature,'  xlv.  616-617. 

'  Proc.  Boy.  Inst.'  xiii.  615- 
624. 

'Proc.  Boy.  Soc'  li.  486- 
495;  'Beiblatter,'  xvlL 
449  (Abs.) 

'C.B.'cxv.  106-109. 


'C.B.'cxv.  222-225;  'Na- 
ture,'  xlvi.  401  (Abs.); 
'  Beiblatter,'  xvU.  566 
(Abs.) 

'Astr.  Nachr.'  No.  311g, 
392-406 ;  '  Nature,'  xlvii. 
137-140. 

♦Brit.  Assoc.  Bep.'  1892, 
74-76 ;  'Beiblatter,'  xvii. 
829-830  (Abs.) 
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H.F.KewaU. 
B.  von  Gothard 

A.  Belopolsky 

H.F.Newall. 
tH.  Deslandres 


J.  N.  Lockyer 

E.  von  Gothard 

G.  E.  Hale     . 

C  B.  Stromeyer     . 
A.  A.  Rambaut 
W.  H.  M.  Christie . 

J.  Janssen 

a  E.  Hale     . 
H.  C.Vogel  . 

W.  Hoggins  . 
V.  Schumann 


A8TB0NOMIGAL  APPLICATIONS,  1892, 

The  Nova  Aurigsc.    (Sept.)    . 
Ueber  die  Nova  Aurigas.    (Sept.) 

NovaAurigse.    (Oct.)     . 


Nova  AurigflB.    (Oct.)    . 

Transformation  da  grand  telescope 
de  rObservatolre  de  Paris  pour 
r^tude  des  vitesses  radiales  des 
astres.  R^saltats  obtenus.  (Bead 
Nov.  14.) 

On  the  Photographic  Spectra  of 
some  of  the  Brighter  S  tars.  (Read 
Dec.  8.) 


Stndien  fiber  den  photographischen 
Spectrum  der  pl^etarischen 
Nebel  und  des  neuen  Stem. 
(Dec.) 

The  Ultra-Violet  Spectrum  of  the 
Solar  Prominences.    (Dec.) 

Measurement  of  Distances  of  Binary 
Stars.    (Dec.) 

Measurement  of  Distances  of  Binary 
Stars.    (Dec.) 

Results  of  the  Spectroscopic  Ob- 
servations made  at  Greenwich  in 
the  Year  1890. 

1893. 

Remarques  snr  unc  note  de  M.  Dun^r 
intitul6e  •  Y  a-t-il  de  I'oxyg&ne 
dans  Tatmosph^re  du  soleil?' 
(Read  Jan.  8.) 

Lea  rales  H  et  K  dans  le  spectre 
des  faciUes  solaires.  (Read 
Jan.  30.) 

Versuch  einer  Ableitung  der 
Bewegung  des  Sonnensystems  aus 
den  Potsdamer  spectrographlschen 
Beobachtnngen.    (Feb.) 

Note  on  the  Spectrum  of  Nova 
AurigsB,    (Feb.) 


The  Hydrogen  Line  H^j  in  the 
Spectrum  of  Nova  Aurigse,  and  in 
the  Spectrum  of  Vacuum-tubes. 
(Feb.) 


1893. 

*  Nature/  xlvi.  489. 

*Astr.  Nachr.'  cxxx.  No. 
3122,  27-28;  'Nature,' 
xlvi.  620  (Abs.) 

*  Astr.  Nachr.'  cxxx.  No. 
3120,437-438;  'Nature,* 
xlvi.  562,  576  (Abs.) 

*  Nature,*  xlvii.  7. 

«C.  B.*  cxv.  783-786; 
*  Beiblatter,'  xviii.  340 
(Abs,);  'Nature,'  xlvii. 
88, 115  (Abs.) 

*  Phil.  Trans.'  cbcxxiv.  676- 
726;  *Proc.  Boy.  Soc' 
lii.  32^-331  (Abs.)  ; '  Na- 
ture,'  xlvii.  261-263 
(Abs.) ;  *  Beiblatter,'  xvii. 
831  (Abs.) 

'Mem.  spettroscop.  ital.' 
xxi.  169-171;  'Nature/ 
xlvii.  362  (Abs.) 

'Mem.  spettroscop.  ital.' 
xxi.  160-161;  'Nature/ 
xlvii.  186  (Abs.) 

*  Nature/  xlvii.  199. 

'  Nature/  xlvii.  226. 

'Greenwich  Observ.  Be- 
port/  1890,  28  pp. 


*  C.  E.*  oxviii.  54-66 ;  'Ber. 
xxvu.  (Ref .),  108  (Abs.) ; 
♦Chem.  News/  Ixix.  49 
(Abs.) 

'  0.  B.'  cxvi.  170-172. 


'Astr.  Nachr/  cxxxil.  81- 
82 ;  '  Beiblatter/  xvii. 
1055-1056  (Abs.) 


'  Astr.  Nachr.'  cxxxil.  No. 
3153,  14.3-144 ;' Nature/ 
xlvii.  425  (Abs.) 

*  Astron.  and  Astrophys.' 
xii.  169-166;  'Beiblatter/ 
xvu.  826-827  (Abs.) 
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jUTBOVOXiCAi.  Appucatioss;  1893, 1891— Meteobological  Appugations»  1882. 


J.  JansKn 


G.RHale 


£.  Ton  Oppolzer 


T.  K.  Espin 


I  Sor  la  m^thode  spectiophoto> 
giaphiqne  qui  peiinet  d'obtenir  la 
photographie  de  la  chromosphere, 
des  £i]cale8»  des  protab^rances,  etc. 

\  .  (Bead  March  6.) 

M^ihode    spectrographiqoe     poar 
•    r^tnde   de   la  comoiuie    solaire. 
(Read  April  24.) 

Znr  Frage  der  RotatloDsdaner  der 
Yenns.    (Jiuie.) 

S^ars   with   Eemaricable    Spectra. 
(June.) 


W.    Hnggins    and 
Mis.  Uuggins. 


A.    de    la    Bamne 
Flavinel. 


J.  Janssen 


G.  J.  Stoney 


J.  Janssen 


E.  DuD^r 


•C.B.'cxvi  456-467. 


•C.  R*  cxvL  866-866; 
•Beiblattcr/  xvii.  931- 
932  (Abs.) 

*  Astr.  Nachr.'  cannrin.  No. 

3170.  39L.40;    •Nature,' 
xlriii.  233  (Abs.) 

•  Astr.  Nachr.'  cxxxiii.  No. 

3171,  43-48;    •Nature/ 
xlviii.  233  (Abs.) 


On  the  Bright  Bands  in  the  Present 
Spectrum  of  Nova  Anrig».  (Bead 
June  8.) 

Sur  robserration  de  Vfelipse  totale 
du  soleil  dn  16  avril,  fait  H  Joal 
(S^n^gal).    (Read  July  3.) 

Note  sur  Thistorique  des  faits  qui 
out  d6montr6  Texistence  de  Tat- 
du     soleiL 


»Proc  Boy. 
36. 


Soc.'  liv.  30- 


•C.  B.'  cxviL  24-27; 
•Beiblatter/  xrui.  93 
(Abs.) 

*C.  B.*  cxvii.  77-80; 
•  Beiblatter,'  xviii.  94 
(Abs.) 


mosph^re     coronale 
(Bead  July  10.) 

Note  on  Observing  the  Botation  of     •  Brit.  Assoc  Bep.*  1891, 


the  Sun  with  the  Spectroscope. 
(Aug.) 


I 


57;i-574  ;      « Beiblatter,* 
xvii.  931  (Abs.) 

*C.  B.'  cxvii.  419-423; 
•  Chem.  News,*  Ixviii.  185 
(Abs.) 


'  Sur     les     observations     spectro- 

scopiques  faites  k  TObservatoire 

du  Mont-BUnc  les  14  et  15  Sep- 
I     tembre  1893.    (Bead  Sept.  25.) 

Y  a-t-il  de  Toxyg^ne  dans  Tatmo-  :  •  C.  B.'  cxvii.  1056-1059 ; 
'    sphere  du  soleil  7  *  (Bead  Dec.  26.)  i    *Chem.  News,*  box.  25 

'     (Abs.);      'Ber.*      xxvii. 
I  1    (Bef.).  43  (Abs.) 


A.  Schuster 


1894. 

Y  a-t-il  de  Toxyg^ne  dans  Tatmo- 
sphdre  du  soleil  ? '  (Read  Jan.  15.) 


«C.  B.'  cxviii.  137-138; 
•Chem.  News/  Ixix.  61 
(Abs.) 


VII. 
METEOBOLOGICAL  APPLICATIONS. 


1882. 
C.  C.  Erafft    .  Spectrosoopische  Untersuchungen . 


•  Beobachtungseigebnisse 
der  Norwegischen  Polar- 
station  Bonekop  in 
Alten,'  1882-3,  IL  Theil, 
< NozdHcht,' lO-U ;  'Na- 
ture,' TTTJT.  515-516 
(Abs.) 

Digitized  by  VjOOQIC 


ON  THE  BIBLIOGRAPHY  OF  SPECTROSCOPY. 


215 


Mbtbobolooical  Afplioatioks,  1883,  1884, 1885, 1888, 1889, 1890. 

1883. 


C.  E.  Cook 


The  Use  of  the  Spectroscope   in 
Meteorology.    (Oct.) 


•  Science,'  il.  488-491 ; 
*Zeit8chr.  f.  Instrumen- 
tenkunde,  iv.  102-103 
(Abs.) 


S.  P.  Langley 


G.  Michie  Smith 


1884. 

On  the  Amount  of  the  Atmospheric 
Absorption.    (April.) 


Obseryations  on  a  Green  Sun  and 
Associated  Phenomena.  (Read 
July  7.) 


'Amer.  J.  Sci.'[81,xxviii. 
163-180;  'PhiL  Mag.* 
[6], xviii. 289-307;  'Na- 
ture,' xxxi.  46  (Abe.); 
'J.  Chem.  Soc.'  sihiii. 
319 (Abs.);  *J.  dePbys.' 
[2],  iv.  96-97  (Abe.); 
•Beiblatter,'  ix.  335-336 
(Abs.) 

*  Trans.  Roy.  Soc.  Edinb.* 
xxxii.  389-409;  *  Nature,' 
XXX,  347-349. 


W.  W.  Lermantoff. 

B.L.  Nichols. 
N.  Bgoroff     • 


1885. 

Ueber  die  Regenbande  im  Spectrum 
der  Atmoephare.  (Read  Jan.  29, 
O.S.    (In  Russian.) 

A  Spectro-photometric  Analysis  of 
the  Colour  of  the  Sky.    (Aug.) 

Das  Absorptionspectrum  der  At- 
mosphare.  (In  Russian.)  (Read 
Sept.  24,  O.S.) 


•J.  Rus8.Phyd.-Chem.Soc.,' 
xvii.  [Phys.],  No.  2,  pp. 
44-46. 

•  Proc.  Amer.  Assoc'  xxxiv. 
78-79. 

*  J.  Russ.  Phys.-Chem.  Soc' 
xvii.  [Phys.],  No.  7,  p. 
229. 


C.  RovelU^ 


1888. 

Le  tinte  dei  crepuscoli  in  relazione 
collo  stato  igrometrico  dell'atmo- 
sfera.    (Jan.) 


*  Riv.  Bcientifico-indu8- 
triale,'  xx.  1-6 ;  *  Nature,' 
xxxvii.  404  (Abs.) 


J.  Janasen 


A.  Crova' 


1889. 

Sur  I'origine  tellurique  des  rales  de 
I'oxyg^ne  dans  le  spectre  solaire. 
(Read  May  20.) 


Sur  Tanalyse  de  la  Inmi^re  diffusa 
par  le  ciel.    (Read  Sept.  23.) 


'C.  R.'  cviu.  1036-1037; 
*  Nature,'  xL  104 ;  <  Chem. 
News,'  lix.  281;  *Bei- 
bmtter,'  xiii.  681^83 
(Abs.) 

•  C.  R.' cix.  493-496;  'Na- 
ture,' xl.  563  (Abs.); 
*Beibiatter,'  xiv.  37 
(Abs.) 


C.  S.  Cook 


W.  B.  Wood  , 


1890. 

A  Mountain  Study  of  the  Spectrum 
of  Aqueous  Vapour.    (April.) 


lightning  Spectra.    (June.) 


*  Amer.  J.  Sci.*  [3],  xxxiz. 
258-268;  'Nature,'  xH. 
598  (Abs.);  'Beiblatter/ 
xiv.  78^-786  (Abs.) 

'Sidereal  Messenger,'  iz. 
285;  'Nature,' xllL  286 
377-878  (Abs.) 
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Mbtbobological  Applications.  1890, 1891,  1892^Chehical  Relations, 

1876,  1876, 1877. 


G.  Higrgs 


J.  Janssen 


A,  Coma 


Recent  Photographfl  of  the  Less  Re- 
frangible Portions  of  the  Solar 
Spectrum,  ander  Different  Atmo- 
spheric Conditions.  (Read  Sept. 
10.) 

Compte  renda  d'one  ascension 
sclentifiqne  an  Mont-Blanc. 
(Read  Sept.  22.) 


Le  spectre  de  Tatmosph^re  ter- 
restre.    (Sept.) 

Sur  la  limite  nltraviolette  da  spec- 
tre solaire,  d'aprte  des  clich6s 
obtenus  par  M.  le  Dr.  0.  Sitnony 
au  sommet  da  pic  de  T6n6riffe. 
(Read  Dec.  22.) 


*  Brit.  Assoc.  Rep.'  1890, 
760;  '•  Belbl&tter/  xvi. 
279  (Abs.) 


*  Annaaire  da  Bureaa  des 
Longitudes,'  1891,  A18- 
A24;*C.R.'cxi.  431-447; 
•  Chem.  News,'  Ixii.  202 
(Abs.) 

L'Astronomie,'  ix.  337- 
338 ;  *  Nature,*  xlu.  626 
(Abs.) 

•C.R.'cxi.  941-947;  'Na- 
ture,' xliii.  216  (Abs.) ; 
'Chem.  News,'  Ixiii.  36 
(Abs.) 


A.  Crova! 


W.  E.  Wood 


G.  B.  Rizzo 


1891. 

Analyse  de  la  lumi^re  diffas^e  par 
le  ciel.    (Read  Jone  1.) 


Lightning  Spectra.    (Aug.) 


Le  linee   telluriche  dello  spettro 
solare. 


*C.  R.'  cxu.  1176-1179, 
1246-1247;  'Phil.  Mag.' 
[5],  xxxii.  141-144  (Abs.); 
'  Ann.  Chim.  et  Phys.  [6], 
XXV.  634-667. 

'  Sidereal  Messenger,'  x. 
378-380;  'Nature,'  xliv. 
504  (Abs.) 

'Mem.  spettroscop.  ital.' 
XX.  77-86;  'Nature,' 
xliv.  186-187  (Abs.) 


N.  PiltscbikoJ 


1892. 

Sur  la  polarisation   specirale   du 
ciel.    (Read  Oct.  17.) 


'C.  R.'  cxv.  566-668; 
'  Beiblatter,'  xvii.  337 
(Abs.) 


R.  Amory 


VIIL 

CHEMICAL  RELATIONS. 
1876. 

On    Photographs    of    the    Solar 
Spectnim.    (Read  May  26.) 


'  Proc.  Ajner.  Acad.'  [N.S.], 
iU.  70. 


1876. 

On    Photographs    of    the    Solar  i 
Spectrum.    (Read  May  10.)  ' 

1877. 

On  the  Photographic  Action  of 
Dry  Silver  Bromide  Collodion, 
&o.,  to  Rays  of  Solar  Light  of 
Different  Refrangibility.  (Pre- 
sented June  10.) 


'  Proc.  Amer.  Acad.'  [N.S.], 
iii.  279-280. 


'  Proc.  Amer.  Acad.'  [N.S.] 
V.  171-174. 
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Chemical  Relations,  1880»  1881, 1882, 1883, 1884. 
1880. 


M.  Conlier 


L.  Palmieri    • 
W.  deW.  Abney    . 


Le  spectroscope  appliqnfi  anx 
sciences  chimiqaes  et  pharma- 
ceutiques. 


1881. 

Delia  riga  dell'  Hellnm  apparsa  in 
una  recente  sablimazione  vesu- 
viana.    (Read  Nov.  5.) 

On  the  Effect  of  the  Spectrum  on 
the  Haloid  Salts  of  Silver  and  on 
Mixtures  of  the  same.  (Reed. 
Dec.  6.) 


'J.  de  Pharm.'  [4],  xxx. 
641-544;  [6],  1.  24-80, 
118-128,  319-327,  393- 
400;  ii.  18-31,  221-223, 
286-294,  376-388,  455- 
465;  iii.  126-138,  220- 
228,  403-410,  545-548. 


*Rendic.  Accad.  Napoli,' 
xz.  233. 


*Proc.  Roy.  Soc.'  xxxiii. 
164-186 ;  •  J.  Phot.  Soc.' 
vi.  136-151 ;  *  Phot. 
Mittheil.'  130-131  (Abe.) ; 
•  Beiblfitter,'  v.  872 
(Abs.) 


H.  W.  Vogel 


F.  Osmond  and  G. 
Witz. 


H.  W.  Vogel 


1882. 

Ueber  eine  Snbstanc  zur  Erkennung 
der  chemischen  Wirknng  des  gel- 
ben  Lichtes.    (Feb.) 

Etudes  sur  Tindustrie  du  vanadium 
('  Bull.  Soc.  Industr.  de  Rouen '). 
(March.) 

Ueber  die  verschledenen  Modifica- 
tionen  des  Brom-  und  Chlorsilbers, 
nnd  die  Empfindlichkeit  derselben 
gegen  das  Sonnenspectrum.  (Read 
May  25.) 

Lichtempfindlichkeit  der  SUber- 
haloidsalze  g^en  das  Sonnen- 
spectrum.   (June.) 


« Phot.  MittheiL'  xviii.  300- 
301;  •  Beiblatter,'  vi. 
490  (Abs.) 

*Rev.  des  Industr.  chim. 
et  agric*  vi.  480-494, 
613-530;  *Chem.  News,' 
xlvii.  12-13  (Abs.) 

•  Phot.  Mittheil.*  xix.  32- 
34 ;  *  Beiblatter;  vi.  489 
(Abs.) 


•  Phot.  Mittheil.'  xix.  70-73, 
94-97,  108-112;  •Bei- 
blatter,'  vii.  536-538 
(Abs.) 


H.  Quincke    . 


1883. 

Ueber  das  Verhalten  des  Hams 
nach  Gebrauch  von  Copaiva- 
balsam.    (Sept.) 


*Arch.  i.  ezp.  Path.  u. 
Pharmakol.'  xvii.  273- 
277 ;  *  Ber.'  xvu.  (Ref.). 
178-179  (Abs.) 


B.  Kasini   and  O. 
Bemheimer. 


W.  H.  Pickering 


1884. 

Sulle  relazioni  esistenti  tra  il  potere 
rifrangente  e  la  oonstituzione  chi- 
mica  dei  compost!  organici. 
(March.) 


Photography  of  the  Infra -Red 
Region  of  the  Solar  Spectrum. 
(Presented  May  14.) 


*  Gazz.  chim.  ital.*  xv.  59- 
105;  .*Atti,  R.  Accad. 
Lincei,  Mem.'  [3],  xviii. 
608-640;*J.  Chem.  Soc' 
xlviii.  1097  (Abs.);*  Ber.' 
xviii.  (Ref.),  474-476 
(Abs.);  » Beiblatter,'  ix. 
326-330  (Abs.) 

« Proc.  Amer.  Acad.'  [N.S.], 
xii.  473-477. 
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J.  Uffelxnann  • 


Chbmical  Rblations,  1884, 1885, 1886, 1887. 

8ta- 


J.  H.  Gladstone 


S.  y.  Kostanecki 
and  S.  Niemen- 
towski. 


SpectxoBoopisch  -  hygienische 
dien.    (Oct.) 


1885. 

On  the  Specific  Refraction  and  Dis- 
persion of  the  Alums.  (Read  June 
27.) 

Ueber  die  isomeren  Dioxydi- 
methylanthrachinone.  (Beod. 
Aug.  6.) 


«Aich.  f.  Hygitoe,'  ii. 
19&-222 ;  *  Ghemiker- 
Zeitung/  viii.  1232 ; 
*  Zeitschr.  f .  anal.  Ghem.' 
zziv.  626  (Abs.) 


•Proc.  Phyg.  Soc/  vii.  194- 
200;*PhU.Mag/[5],xx. 
162-168. 

*Ber.'  xviii.  2138-2141; 
*  Beiblatter,'  ziv.  618 
(Abs.) 


W.  N.  Hartley 


H.  W.  Vogel  . 


E.  Pringsheim 


W.  Leube 


1886. 

Researches  on  the  Relation  between 
the  Molecular  Stroctuie  of  Oarbon 
Gomponnds  and  theii  Absorption 
Spectra.  Part  VIII.  A  Study  of 
Coloured  Substances  and  Dyes. 
(Read  Nov.  18.) 

Ueber  neue  Fortschritte  in  dem 

farbenemptindlichen  photo- 

graphischen    Yerfahren.  (Read 
Nov.  26.) 


Ueber  neuere  Versuche  die  Kohlen- 
s&ure  ausserhalb  der  Ptlanze  durch 
Ghlorophyll  zu  zerlegen.    (Oct.) 


Ueber  einen  neuen  pathologischen 
Hamfarbstoff.    (Nov.) 


«J.  Ghem.  Soc'  U.  152- 

202;  <  Zeitschr.   f.  phy- 

sikal.     Ghem.'    ii.  855 
(Abs.) 


*Sitzungsb.  Akad.  Berl.' 
1886,1206-1208;  *Verh. 
phys.  GeseUsch.  Berl.' 
VI.  Jahrg.  11  (Abs.); 
*  Nature,'  xxzv.  432 
(Abs.) 

*  Chemiker-Zeitung,'  z. 
1241;  'Bied.  Gentralbl.' 
1887,  168-169  (Abs.); 
•J.  Ghem.  Soo.'  lii.  686 
(Abs.) 

'  Archiv  f .  path.  Anat.  and 
Physior  cvi.  418-419; 
<  Zeitschr.  f .  anal.  Ghem.' 
xxvi. 672 (Abe.); 'Ghem. 
News,'  IvU.  231  (Abs.) 


W.  Grookes    • 
R.  Nasini       . 

T.  W.  Best     , 


A.  B.  Griffiths  and 
Mrs.  Oriffiths. 


1887. 

Genesis  of  the  Elements. 
Roy.  Inst.  Feb.  18.) 


(Leot. 


Sulla  rifrazione  moleoulare  delle 
sostanze  organiche  dotate  di 
forte  potere  dispersive.  (Read 
Feb.  20.) 

On  the  Delicacy  of  Spectroscopic 
Reaction  in  Gases.  (Manch.  lit. 
and  Phil.  Soc.  Feb.  22.) 


Investigations  on  the  Influence  of 
Gertain  Rays  of  the  Solar  Spec- 
tram  on  Root-Absorption  and  on 
the  Growth  of  Plants.  (Read 
March?.) 


•Proc.  Roy.  Inst'  xii.  37- 
60;  'Ghem.  News,'  Iv. 
83-88,  95-99. 

'  Rendic.  R  Aocad.  Lincei ' 
[4],  iU.  164-172;  'Zeit- 
schr. f .  physikaL  Ghem.* 
1.  422  (Abs.) 

*Ghem.  News,'  Iv.  209- 
211 ;  •  Dingler's  polyt.  J.' 
cchdv.  407-408  (Abs.); 
*  Beibl&tter,'  zii.  102 
(Abe.) 

*Proc.  Roy.  Soc.  Bdinb.' 
ziv.  125-129 ;  *  J.  Ghem. 
Soc.'  Uv.  623  (Abs.) 
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A.  Tflchircb    • 

J.  Dewar        • 
H.  Dnfet 


M  • 


£.  Eock 


A.  H6nocqae . 


Th.  W.  Engelmann 


F.  Mangini     . 
li.  HennaDn  . 

C.  A  MAP-TnTiTin 

£•  Lambling  . 


Chkmical  Relatioks,  1887, 1888. 

Untersnchnngen  flber  das  Chloro- 
phyU.    (Bead  March  16.) 


Light  as  an  Analytic  Agent.  (Lect. 
Roy.  Jnst.,  April  1.) 

Snr  les  volnmes  mol6cnlaires  et 
r§nergie  refractive  des  phos- 
phates, ars6niates  et  hypophos- 
phites  de  soude.    (Read  May  10.) 


Sur  les  volames  molecnlaires  et 
r^nergie  refractive  des  phosphates, 
ars6niates  et  hypophosphates  de 
soude.    (Read  May  20.) 


Zur  Eenntniss  der  Beziehungen 
zwischen  optischen  Eigenschaf  ten 
und  Constitution  der  Verbindnn- 
gen.    (June.) 

De  rinfluence  des  medications  ther- 
males  sur  I'activite  de  la  reduc- 
tion de  rozyhemoglobine,  et  sur 
la  richesse  du  sang  en  oxyhemo- 
globine.    (Read  Nov.  19.) 

Die  Farben  hunter  Laubblatter 
und  ihrer  Bedeutung  fur  die 
Zerlegung  der  Kohlensaiire  im 
Lichte. 


1888. 

Frobabile  causa  della  valenza  degli 
atomi.    (Jan.) 

Kotiz  betreffend  das  redudrte 
Hamoglobin. 

On  the  Origin  of  Urohsematopor- 
phyrin  and  of  Normal  and  Patho- 
logical Urobilin  in  the  Organism. 
(Read  Mar.  17.) 

Sur  Taction  reductrice  ezerc6e  par 
rindigo  blanc  sur  Tozyhemo- 
globine  du  sang.  (Read  April 
28.) 


'  Ber.  d.  hot.  Gesellsch.'  ▼. 
128-135;  *Chem.  Cen- 
tralbl.'  1887,  669  (Abs.) ; 
•J.  Chem.  Soc'ia.  1110- 
1117  (Abs.) 

« Proc.  Roy.  Inst.'  xii.  83- 
93 ;  *  Beibmtter;  ziii.  79- 
80  (Abs.) 

*  Soc.  fran^.  de  Phys.' 
1887.  117-128;  'J.  de 
Phys.'  [2],  vi.  301-312; 
'Bull.  Soc  fran^.  de 
Min.'  X.  77-120;  'Ber/ 
XX.  (Ref.),  630  (Abs.); 
•Beiblatter/  xiii.  701- 
703  (Abs.) 

'Soc.  franQ.  de  Phys.' 
1887,  117-128;  *J.  de 
Phys.'  [2],  vi.  301-312; 

•  Ber.'  XX.  (Referate), 
580  (Abs.);  ' Beibiatter,' 
xiii.  701-703  (Abs.) 

*  Ann.  Phys.  \  u.  Ohem.' 
[N.F.].  xxxii.  167-171; 
'  Zeitschr.  f .  physikal. 
Chem.'  i.  669-670  (Abs.) 

*C.  Ridela  Soc.  Biol,  de 
France '  [8],  iv.  678-683 ; 
'Ber.'  xxi.  (Ref.).  373 
(Abs.) 

*  Bot.  Zeitung/  1887,  393- 
398,  409-419,  441-450. 
457-469 ;  *  Onderzoekun- 
gen  Physiol.  Lab.  Utrecht' 
[3],  X.  107-168;  'Ar- 
chives neerlandaises,' 
xxii.  1-67  ;  « Beibl&tter.' 
xi.  709  (Abs.)  ;  *  Chem. 
News,'  Ivi.  279  (Abs.); 

•  J.  Chem.  Soc.'  liv.  381- 
382  (Abs.) 

'Riv.  scientifioo-industri- 
ale,'  XX.  23-27 ;  •  Nature,' 
xxxvii.  451  (Abs.) 

'Arch.  f.  d.  gesammte 
Physiol.'  xliii.  435 ;  'Ber.' 
xxii.  [Ref.],  596  (Abs.) 

•J.  Physiol.' X.  71-121. 


>  C.  R.  de  la  Soo.  Biol,  de 
France '  [81,  v.  894-396 ; 
'  J.  Chem.  Soc.'  lvi«  630- 
631  (Abs.) 
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B.  Weegmann 


W.  N.  Hartley 


H.  Vogel 

E.  Lambling  . 

C.  Liebermann 
Th.  W.  Engelmann 


L.  von  Udr&nszky  . 


K.  Katayama 


A.  Griinwald . 


J.  C.  B.  Bnrbank 


Chemical  Relations,  1888. 

Ueber  die  Molecnlarrefraction 
einiger  gebromter  Aethane  und 
Aethylene,  und  iiber  den  gegen- 
w&rtigen  Stand  der  Lsmdolt- 
Briihrschen  Theorie '  (Inangnral- 
Dissertation,  Bonn.  1888,  44  pp.). 
(April.) 

Researches  on  the  Relation  between 
the  Molecular  Structure  of  Car- 
bon Compounds  and  their  Absorp- 
tion Spectra.  Fart  ix.  On 
Isomeric  Cresols,  Dihydroxyben- 
zenes,  and  Hydroxybenzoic  Acids. 
(Read  May  18.) 

Spectroscopische  Notizen.  (Read 
June  14.) 


Des  applications  de  la  spectro- 
photometric  ii  la  chimie  physio- 
logique.    (July.) 


Ueber    Spectra    der    Aether    der 
Oxyanthrachinone.     (Reed.  Aug. 

1) 

Ueber  Bacteriopurpurin  und  seine 
physiologische  Bedeutung.  (Aug.) 


Ueber  Blutfarbstoff  als  Mittel  um 
den  Gaswechsel  von  Pflanzen  im 
Licht  und  Dunkel  zu  unterschei- 
den.  (Aug.) 

Ueber  Furfurolreactionen.    (Sept.) 


Ueber  eine  neue  Blutprobe  bei  der 
Kohlenoxydveiigiftung.    (Oct.  2.) 


Spectralanalyse    des 
(Read  Oct.  11.) 


Eladmiums. 


Photography  of  the  Least  Refran- 
gible Portion  of  the  Solar  Spec- 
trum.   (Oct.) 


'  Zeltschr.  f .  physikal. 
Chem.'  ii.  218-240,  257- 
269. 


'  J.  Chem.  Soc'  liii.  641- 
663;  *  Zeltschr.  f.  physi- 
kal.  Chem.*  ii.  974  (Abs.) 


•  Ber.'  xxi.  2029-2032 ; 
*  Zeitschr.  f .  physikal. 
Chem.'  ii.  656  (Abs.) 

*  Arch,  de  Physiol,  normale 
et  pathologique*  [4],  ii. 
1-34, 384. 418; 'J.  Chem. 
Soc.'  Ivi.  73  (Abs.) 

*  Ber.'xxi.  2527 ;  *  Zeitschr. 
f .  physikal.  Chem.'  ii.  967 
(Abs.) 

•  Archiv  f .  d.  ges.  Physiol.' 
xlu.  183-186  ;  '  J.  Chem. 
Soc.'  Ivi.  180-181  (Abs.) 

'Archiv  f.  d.  ges.  Physiol.* 
xlii.  186-188  ;  *  J.  Chem. 
Soc.'  Ivi.  182  (Abs.) 


*  Zeitschr.  f .  Physiol. 
Chem.'  xii.  856-876.  377- 
395,  xiii.  248-263  ;*Ber.' 
xxii.  [Ref.],  600-602 
(Abs.) 

*  Archiv  f .  path.  Anat.'  cxiv. 
53-64;  'Chem.  News,* 
Ixi.  241;  «J.  Chem.  Soc. 
Ivi.  88  (Abs.) 

•Sitzungsb.  Akad.  Wien,' 
xcvii.  [II.l,  967-1044; 
'Monatshefte  f.  Chem.* 
ix.  950-1034;  « Wien. 
Anz.*  1888,  187  (Abs.); 
*Chem.  News,*  lix.  2-7, 
16-19,  29-31 ; '  J.  Chem. 
Soc*  Ivi.  465  (Abs.) 

'Phil.Mag.*m,xxvi.391- 
393;  'Chem.  News,* Iviii. 
311-312 ;  •  Beibl&tter; 
ziU.  219  (Abs.) 
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A.  Eondt 


Grimbert 


A.  Hansen 


H.Ebert 


Chemical  Bblatioms,  1888, 1889. 

Photographies,  welche  die  Senri- 
bilisining  photographischer  Troc- 
kecplatten  mittels  absorbirender 
Farbstoffe  zeigen.  (Bead  Nov. 
2.) 

Sur  iin  noaveaa  mode  de  reoherche 
de  Tarobiline  dans  Turine.    (Dec.) 


Ueber  die  Bedeutnng  des  Chloro- 
phyllfarbstoffs  (*Natiirw.  Bond- 
Bchau/  ii.  501-502.) 

Die  Methode  der  hoher  Xnterf eren- 
zen,  und  ihre  Yerwendbarkeit  fiir 
die  Zwecke  der  qoalitativen  Spec- 
tralanalyse.  (Habilitationsschxift, 
Erlangen,  1888.) 


*  Verb,  ph  js.  Gtesellscb, 
BerL'  vii.  86  (notice); 
*  Nature,*  zzzix.  120 
(Abs.) 


*  J.  de  Fharm/  [6],  xviii, 
481-482 ;  *  J.  Chem.  Soc/ 
Ivi.  324  (Abs.) 

•Bied.  Centf.'  1888,  35r- 
388  (Abfl.);  »J.  Chem. 
Soc*  liv.  867-868  (Abs.) 

*  ZeitBchr.     f .     physikal. 
Chem.'  ii.  484  (Abs.) 


H.  W.  Yogel  . 
W.  Crookes    . 

O.  Wallach    . 

T.  Pelham  Dale 
S.  Handler    . 


Fh.  Barbier  and  L. 

BOQZ. 


A.  Bab&9 


A.  Letellier 


G.  Kruss    and  H. 
Horaht. 


1889. 

Capt.  Abney  uber  farbenempfind- 
liche  Verfahren.    (Jan.) 

On  the  Use  of  the  Spectroscope  in 
the  Detection  and  Discrimination 
of  the  so-called  '  Bare  Earths.' 
(Bead  Mar.  21.) 

Ueber  die  Moleoularrefraction  des 
Camphens.    (March.) 


On  a  Belation  existing  between  the 
Density  and  Befraction  of  Gaseous 
Elements,  and  also  of  some  of 
their  Compounds.  (Bead  May  26.) 

Ueber  die  Beduction  des  Hamo- 
globins  im  Herzen.    (May.) 


Becherches  sur  la  dispersion  dans 
les  composes  oiganiques.  (Bead 
June  17.) 


Note  sur  quelques  mati^res  colo- 
rantes  et  aromatiques  produites 
par  le  bacUle  pyocyanique.  (Bead 
June  22.) 

Becherches  sur  la  pourpre  produite 
par  le  Purpura  lapilhu,  (Bead 
July  8.) 

Zur  spectrocolorimetrischen  Eisen- 
bezw.  Bhodan-Bestimmung.  (Bead 
Aug.  6.) 


*  Phot.  Mittheil.'  xxv.  264, 
266  J  •  Beibiatter,'  xiii. 
383  (Abs.) 

*J.  Chem.  Soc'  Iv.  266- 
286  ;  *  Zeitschr.  f .  physi- 
kal. Chem.' vi.  88  (Abs.)  r 
•  Beiblatter/  xiv.  173 
(Abs.) 

*Ann.  Chem.  u.  Pharm.'" 
cclu.  136-140 ;  *  J.  Chem. 
Soc.'  Ivi.  1069  (Abs.) 
•Ber.'  xxii.  (Bet),  685 
(Abs.) 

•Proc.  Phys.  Soc.'  x.  189- 
193. 


'Zeitschr.  f.  Biol.'  xxvi. 
233-268;  •  J.  Chem.  Soc." 
Ivi.  1225  (Abs.) 

'C.  B.'  cviu.  1249-1261? 
« J.  Chem.  Soc'  Ivi.  805 
(Abs.)  ;  « Beiblatter,'  xiii. 
669  (Abs.) 

*C.  B.  de  la  Soc.  biol.' 
(Paris)  [9],  i.  438-440; 
*  J.  Chem.  Soc'  Iviii.  189- 
190  (Abs.) 

•C.  B.'  cviii.  82-85;  'J. 
Chem.  Soc'  Ivi.  1207- 
1208  (Abs.) 

•Ber.'  xxii.  2054-2060; 
« J.  Chem.  Soc' IvL  1247- 
1248  (Abs.) 
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BEPORT — 1894. 


M.  AUhansse  and 
a.  Kriiss. 


T.  Costa 

C.  Timiriazeff 
A.  Gnlnwald . 


E.  H.  Amagat  and 
F.  Jean. 


E.  Scuberb 


J.  F.  Eykman 

J.  H.  Gladstone  and 
\V.  H.  Perkin. 


K.  Angstrom  . 


A.  Bettendorff 


E.   Neumann    and 
H.  Bey. 

L.  Macchiati  . 


Chbmical  Bblations,  1889. 

Beziebungen  zwischen  Zosammen- 
setsung  nnd  Absorptionsspec- 
trum  organischer  Yerblndangen. 
(Read  Aug.  6.) 


Sulle  correlazioni  tra  il  potere  ri- 
frangente  ed  il  potere  dispersivo 
del  derivati  aromatici  a  catene 
lateral!  satnre.    (Aug.) 

La  protopbjUine  dans  les  plantes 
6tiol6es.    (Read  Sept.  2.) 

Spectralanaljtiscber  Nachweis  von 
Spuren  eines  neuen,  der  eilften 
Beibe  der  Mendelejeffschen 
Tafel  angehorigen  Elementes, 
welobes  besonders  im  Tellur  and 
Antimon  ausserdem  aber  aucb  im 
Eupfer  vorkommt.  (Bead  Oct. 
10.) 

Sur  Tanalyse  optiqne  des  hniles 
et  du  beurre.    (Etead  Oct.  14.) 


Einige  pbysikaliscbe  Constanten 
von  Halogensubstitutionsprodnc- 
ten  des  Benzols  und  Toluols. 
(Read  Oct.  14.) 

Ueber  das  atherische  Oel  der  Betel- 
blatter.    (Oct.  20.   Read  Oct.  28.) 

On  the  Correspondence  between 
the  Magnetic  Rotation  and  the 
Refraction  and  Dispersion  of 
LiKht  by  Compounds  containing 
Nitrogen.    (Read  Nov.  7.) 

Etudes  des  spectres  infra-rouges  de 
I'acide  carbonique  et  de  Toxyde 
de  car  bone.    (Read  Nov.  13.) 

Studien  uber  die  Erden  der  Cerium- 
und  Tttrium-Gmppe.  (Received 
Nov.  14.) 

Ueber  Farbstoffe  aus  der  Gmppe 
der  Benzeine.    (Reed.  Nov.  14.) 


Die    Farbstoffe    der   Zapfen   von" 
Abtet  emoeUa.    (Nov.) 


•  Ber.'    xxii.     2065-2070 ; 

*  J.  Chem.  Soc.'  Ivi.  1093- 
1094  (Abs.) ;  « Chem. 
News;  Ix.  240-241 
(Abs.)  ;  l3d.  209  (Abs.)  ; 

*  Beiblatter,'  xiii.  945-946 
(Abs.); '  Zeitschr.  f .  physi- 
kal.  Chem.'  iv.  686  (Abs.) 

'Gazz.  chim.  ital.'  xix. 
478-498;  *Ber.'  xxii. 
(Ref .),  738  (Abs.)  ;  •Bei- 
blatter/ xiii.  937-939 
(Abs.) 

«C.  R.'  cix.  414-416;  «J. 
Chem.  Soc*  Ivi.  1236- 
1237  (Abs.) 

'Sitzungsb.  Akad.  Wien/ 
xcviii.  II.J,  786-817 ; 
'Chem.  News,'  Ixi.  39 
(Abs.)  ;  «  Monatsh.  f . 
Chem.'  X.  829-861 ;  «  J. 
Chem.  Soc.'  Iviii.  434-435 
(Abs.)  ; «  Beiblatter,'  xiv. 
278-279  Abs.) 

•C.     R,'     cix.     616-617; 

*  Mon.  Sdentifique '  (Ques- 
neville)  [4],  iii.  1396- 
1397;  *  Chem.  News,' bci. 
26  (Abs.);  « Ber.'  xxii. 
(Ref.),  777  (Abs.) 

•Ber.' xxii.  2519-2624. 


'  Ber.' xxu.  2736-2754. 

•  J.  Chem.  Soc*  Iv.  760- 
769. 


•  Ofvers.  af  E.  Vet.  Akad. 
Forhandl.'  (Stockholm), 
1889,  No.  9,  649-557. 

'Ann.  Chem.  u.  Pharm' 
oclvi.  159-1-70. 


•Ber.'  xxii.  3001-3004; 
•Beiblatter,'  xiv.  281 
(Abs.) 

'Naturw.  Rundschau,'  iv. 
608  ;  *  Chem.  Centr.'  [4], 
ii.  Bd.i.  164  (Abs.);  *J.. 
Chem.  Soc'  Iviii.  pt.  i. 
641-642  (Abs.) 
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M.  Le  Blano  . 


J.  F.  Eykman 

W.  de    W.  Abney 
andO.S.  Edwards. 


C.  Bender 


B.  Heise        • 


F.  Flavitsky  , 


H.  Kayser  and  C. 
Bange. 

W.  Kouriloff  , 


Chskical  BBLATI09B»  1889, 1890. 

Opti8ch.-chemisohe  Stadien  mit 
Berficksichtigung  der  Disaocia- 
tiontheorie.    (Nov.) 


Zar  Constitution  des  Asarons. 
(Bead  Dec.  9.) 

On  the  Effect  of  the  Spectram  on 
the  Haloid  Salts  of  Silver.  (Becd. 
Nov.  26.    Bead  Dec.  12.) 

Brechungsexponenten  normaler 
SabQosangen.    (Dec.) 


Zar  EenntniBs  des  Bothweinfarb- 
stoffes.  (Arbelten  aus  dem  kaiser- 
lichen  Beichsgesnndheitsamte, 
Sonderabdruck.) 

Dextro-rotatory  Terpenes  from 
Pi/ttu  oembra,    (In  Busaian.) 


Ueberdie  Spectren  der  Elemente 
(*Abhandl.  Akad.  BerUn/  1889, 
93  pp.) 

Terpenes  from  the  Oil  of  Pinw 
aHds,    (In  Bassian.) 


*Zeit6ohr.  f.  physikal. 
Chem.'  iv.  568-660;  *J. 
Chem.  Soc.*  Iviii.  213 
(Abs.) ;  *  Beiblatter/  xiv. 
272  (Abs.) 

•Ber.'xxii.  3172-3176. 

*Proo.  Boy.  Soc.'  xlvii. 
249-275;  *  J.  Chem.  Soc.* 
Iviii.  933  (Abs.);  'Bei- 
blatter/  xiv.  791  (Abs.) 

•Ann.  Phya.  u.  Chem.' 
[N.F.],  xxxix.  89-96 ; 
*  J.  Chem.  Soc.'  Mil.  549 
(Abs.) 

•Ber.'  xxii.  (Bef.).  823 
(Abs.) 


'  J.  Buss.  Phy8.-Chem. 
Soc.'  xxi.  367-376;  'J. 
Chem.  Soc.*  Iviii.  789-790 
(Abs.) 

*  Beiblatter,'  xu.  87  (title). 


•  J.  Boss.  Phy8.-Chem. 
Soc'  xxi.  367-367;  «J. 
Chem.  Soc.'  Iviii.  789 
(Abs.) 


R.  Wegner     . 

A.  F.  Lanrie  . 

H.  Gantier  and  G. 
Charpy. 

F.  Schiitt 


H.  Moissan    . 
A.  B.  Griffiths 

G.  SUet 


1890. 

Ueber  die  Molekularrefraktion  der 
HaloidsaLse  des  Lithiums,  Natriums 
nnd  Kaliums.    (Jan.  8.) 

Madder  Lakes.    (Jan.  24) 

Sur  r^tat  de  Tiode  en  dissolution. 
(Bead  Jan.  27.) 


Ueber  Peridineenfarbstoffe.  (Jan.) 


Action  du  fluor  sur  les  diff^rentes 
vari^t^  de  carbone.  (Bead  Feb. 
10.) 

Sur  une  nouvelle  ptomaine  de 
putrefaction,  obtenue  par  la  cul- 
ture du  Bacterium  AUii.  (Bead 
Feb.  24.) 

Sur  la  flamme  blene  da  sel  marin, 
et  sur  la  rtootion  spectrosoopiqae 
du  chlomre  de  cuivre.    (Feb.) 


•Chem.  Centr.'  1890,  78- 
79  J  •  J.  Chem.  Soc.'  Iviii. 
649  (Abs.) 

« Chem.  News/  Ixi.  60-61. 

«C.B.' ox.  189-191; 'Chem. 
News.'  Ixi.  97  (Abs.); 
«Ber.'  xxiu.  (Bef.),  135 
(Abs.) 

'Ber.  deutsch.  bot.  Ge- 
sellsch.'viii.  9-32 ;  *  Chem. 
Centr.'  [4],  ii.  767-768 
(Abs.);  'J.  Chem.  Soc' 
Iviii.  1172-1173  (Abs.) 

•C.  B.'  ex.  276-279; 
'Chem.  News,'  Ixi.  120 
(Abs.) 

•C.B.' ex.  416-418; 'Chem. 
News,'  Ixi.  145  (Abs.) 


*Bull.  Soc.*ch»m.  franv.' 
[3],  ill.  328-329;  'Chem. 
News.'  Ixi.  877  (Abs.) 
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C.  A.  Bischoff  and 
P.  WaJden. 


J.  F.  Eykman 


T.Azaki 


F.  Kehrmann 


T.  E.  Thorpe  and 
A.  E.  Tatton. 

C.  lAebermann  and 
F.  Haber. 

Ph.  Barbier  and  L. 
Bonz. 


T.  Costa 


A.  Percy  Smith 


B.  Lowenher z 


Ph.  Barbier  and  L. 
Boux. 


C.  Bohr  . 


E.  Laurent    • 


Chbmical  Bklationb,  1890. 

Ueber  die  physikalischen  Con- 
stanten  der  substituirten  Aethe- 
nyltricarbons&nreester.  (Becd. 
Feb.  27.    Bead  March  10.) 

Ueber  die  Umwandlung  von  Allyl 
in  Propenylbeniolderivate,  ihre 
Dispersion  and  Refraction.  (Bead 
March  24.) 


Ueber  den  Blutfarbstoff  und  seine 
naheren  Umwandlungsprodacte. 
(March.) 

Einiges  flber  Beziehnngen  zwischen 
Farbong  and  chemischer  Consti- 
tution.   (April  16.) 

Phosphorous  Oxide.  Part  X.  (Read 
April  17.) 

Ueber  Bidioxymethylenindigo. 
(Reed.  May  24.) 

Recherches  sur  la  dispersion  dans 
les  compost  organiques  (alcools 
de  la  s^rie  graase).  (Read  May 
27.) 

Sal  peso  molecolare  e  sol  potere 
rifrangente  del  cloruro  di  zolfo. 
(June.l.) 

The  Violet  Flame  produced  by 
Common  Salt  in  a  Coal  Fire. 
(June.) 

Ueber  die  Motecularxef raction  der 
Nitrate.    (Read  July  14.) 

Recherches  sur  la  dispersion  dans 
les  composes  organiques  (6thers- 
oxydes.)    (Read  July  2 1 .) 


Recherches  sur  la  dispersion  dans 
les  oompo86s  organiques  (acides 
gra£).    (Read  July  28.) 


Sur  les  combinaisonfl  de  lli6mo- 
globine  avec  Toxyg^ne.  (Read 
July  21.) 

Reduction  des  nitrates  par  la  lu- 
mi^re  solaire  (premiere  note). 
(Aug.) 


•Ber.'  xxiii.  660-664;  •J. 
Chem.  Soc.'  Iviii.  746- 
746  (Abs.) 

« Ber.*  xxiii.  865-864 ;  *  J. 
Chem.  Soc.'  Iviii.  748- 
749  (Abs.);  *Beibiattcr/ 
xiv.     602-606      (Abs.) ; 

*  Zeitschr.  f .  physikal. 
Chem.'  vi.  91  (Abs.) 

*  Zeitschr.  f .  physiol.  Chem.' 
xiv.  405-415;  *J.  Chem. 
Soc'  Iviu.  1012-1013 
(Abs.) 

•Chem.  Zeit.'  xiv.  608, 
627,  641-642;  'Beiblat- 
ter,'  xiv.  618  (Abs.) 

*  J.  Chem.  Soc.'  Ivii.  546- 
678. 

•Ber.'    xxiii.    166^-1567; 

*  J.  Chem.  Soc'  Iviii.  1140 
(Abs.) 

*C.    B.'    ex.     1071-1074; 

*  Zeitschr.  f .  physikal. 
Chem.'  vi.  374  (Abs.) 

'Grazz.  chim.  ital.'  xx. 
367-372. 

*Chem.  News,'  Ixi.  292- 
293;  *J.  Chem.  Soc* 
Iviii.  1202  (Abs.) 

•Ber.'    xxiii.    2180-2182; 

*  Zeitschr.  f .  physikal. 
Chem.'  vi.  382  (Abs.) 

•C.     B.'     cxi.     180-183; 

*  Zeitschr.  f .  physikal. 
Chem.'    vi.   377    (Abs.;; 

*  Bull.  Roc  Chim.*  [3],  iv. 
9-16 ;  •  Chem.  News,'  IxlL 
249  (Abs.) 

•C.    B.'     cxi.     235-236; 

*  Zeitschr.  1  physikal. 
Chem.'  vi.  378  (Abs.); 
•Bull.  Soc. Chim.'  [3],  iv. 
614-622 ;  •  Chem.  News,' 
Ixu.  249  (Abs.) 

•C.  B.'  cxi.  195-197; 
•Chem.  News,'  Ixii.  74 
(Abs.) 

♦Bull.  Acad.  Belg.'  xx. 
303-308. 
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Lecoq     de     Bois- 
baudran. 


J.  H.  Gladstone  and 
G.  Gladstone. 

B.    Nasini  and  T. 
Ck>sta. 


J.  H.  Gladstone 
R.  Lowenherz 

E.  Demargay  . 
C.  Pnlfrich    . 

8.  Handler 


Chbmical  Relations,  1890, 1891. 

Nouvelles  recherches  ear  la  gado- 
line  de  M.  de  Marignac.  (Read 
Sept.  8.) 

The  Refraction  and  Dispersion  of 
Flaor-Benzene  and  Allied  Com- 
pounds.    (Sept.) 

Sopra  nn  caso  singolare  nella  ri- 
frazione  dei  oompoeti  organici. 
(Read  Oct.  19.) 


Molecular  Dispersion.  (Dec.  27, 
1890.) 

Ueber  die  Molecularrefraction 
stickstoffentbaltender  Subetan- 
zen.    (Dec.) 

Les  terres  rares       .        .        .        . 


Das  Totalreflectometer  nnd  das 
Refraotometer  fiir  Cbemiker,  ihre 
Anwendnng  in  der  Krystalloptik 
und  zui  Untersuchunfl:  der  Licht- 
brechang  von  Fliissigkeiten. 
(Leipzig,  W,  Engelmann,  1890.) 

Ueber  die  Redaction  des  H&mo- 
globin  im  Herzen. 


*C.  R.'  oxi.  893-395; 
*  Nature;  xlii.  612  (Abs.); 
*Chem.  News,'  Ixii.  178 
(Abs.) 

•  Phil.  Mag;  [6],  xxri.  1- 
9  ;  *  Zeitschr.  f .  phjsikal. 
Chem.'  vii.  331  (Abs.) 

*  Rend.  R.  Aocad.  d.  Lin- 
cei'  [4],  vi.  269-263; 
*Phil.  Mag.'  [5],  Mxi. 
448  (Abs.) 

•Nature.'  xliii.  198. 

'  Zeitschr.  f.  phjsikal. 
Chem.'  vi.  632-663. 

*Rev.  g6n6rale  des  Sci- 
ences pares  et  appli- 
qa6e8,']890,  No.13,  39&- 
402  ;  *  Chem.  News,'  Ixii. 
86  (Abs.) 

« Nature,'  xliv.  688  (notice). 


•Zeitschr.  f.  Biol.*  xxvi. 
233-268 ;« J.  Chem.  Soc." 
hi.  1226  (Abs.) 


A.  Bettendorff 


J.  W.  Brflhl 


V.  Schumann. 


E.  Becquerel . 


H.  Eajser  and  C.  . 
Runge. 


1894. 


1891. 

Studien  fiber  die  Erden  des  Cerium- 
und  Tttiium-Gnippe.    (Jan.) 


Ueber  die  Beziehungen  zwischen 
der  Refraction  der  Gase  und 
D&mpfe  und  deren  chemischen 
Zusammensetzung.    (Jan.) 

On  Determining  the  Sensitiveness 
of  Photographic  Plates  by  means 
of  the  Spectrograph.    (Jan.) 

Observations  sur  la  communication 
de  M.  Lippmann  au  sujet  de  la 
reproduction  photographique  des 
coulenrs.    (Read  Feb.  2.) 

Ueber  die  Spectra  der  Elemente 
der  zweiten  Mendel6jeff'schen 
Gruppe.    (Read  Feb.  19.) 


•Ann.  Chem.  u.  Pharm.' 
cdxiii.  164-174  ;  •  Chem. 
News,'  Ixiii.  169-160,. 
172-178. 

•Zeitschr.  f.  pbysikaU 
Chem.'  vii.  1-33. 


•  Chem.  News,'  hdii.  83-34. 


•C.  R.'  oxii.  276-277; 
•  Chem.  News/  hdii.  Ill 
(Abs.) 


'Ann.  Phys.  u.  Chem.' 
[N.F.]  xliii.  386-409; 
•Sitzungsb.  Akad.  Berl.' 
1891,  L  177-178  (Abs.) ; 
*  Zeitschr.  f .  physikal. 
Chem.'  viii.  676  (Abs.) 
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B.  Walter 


M.  Schiitze 


y.  Schumann 
J.W.BrUhl   . 


Pb.  Barbier  and  L. 
Bouz. 

E.  Laurent 


B.  Branner 


G.  Enisa 


H.  O.  a.  BUinger 


W.  H.  Perkin 


E.  Scbonck    • 


£.  £.  Brooks  . 


W.  BohlendorfE 


C.  M.  Tbompson 


F.  A.  Goocb  and  T. 
b.  Hart. 


Chrmical  Bblations,  1891. 

Ueber  das  a-Monobromnaphthalin. 
(Feb.) 


Ueber  den  Zuraiminenhang  zwisohen 
Farbe  und  Constitution  der  Yer- 
bindungen.    (Feb.) 

Photochemical  Researches.    (Feb.) 

Ueber  die  Beziehungen  swischen 
die  spectrometrischen  Constanten 
und  der  chemischen  Constitution 
des  Epichlorhydrin,  des  Aoet-  und 
Paraldehyds  und  des  Benzols. 
(Feb.) 

Recherches  sur  la  dispersion  des 
compost  organiques  (6thers). 
(Read  Mar.  16.) 

Reduction  des  nitrates  par  la  lu- 
mi^re  solaire  (deuzi^me  note). 
(March.) 

Ueber  das  Atomgewicht  des  Lan- 
thans.    (Reed.  April  26.) 

Bcitriige  zur  Chemie  des  Erbiums 
und  Didjms.     (I.)    (ApriL) 


Optiscbe  BestimmunfiT  der  Albumin- 
menge  im  Ham.    (May.) 


The  Refractive  Power  of  certain 
Organic  Compounds  at  Various 
Temperatures.    (Read  June  18.) 

!  Contributions  to  the  Chemistry  of 
Chlorophyll.  No.  IV.  (Reod.  June 
16.    Read  June  18.) 

On  Terminal  Spectra  observed  in 
Vacuo.    (July.) 

Bemerkung  zu  der  Abhandlung  des 
Herm  B.  Walter  •  Ueber  den  Nach- 
weis  des  Zerfalles  von  Molecular- 
gruppen  in  Losungen  durch  Fluo- 
rescenz  und  Absorptionserschei- 
nungen.*    (July.) 

On  Didymium  from  Different 
Sources.     (Aug.) 


The  Detection  and  Determination 
of  Potassium  Spectroscopically. 
(Ang.) 


*Ann.  Phys.  u.  Chem.' 
[N.F.],  xlii.  611-612; 
•Phil.  Mag.'  [6],  xxxi. 
367. 

*  Zeitschr.  f .  physikal. 
Chem.' ix.  109-136  ;'Bei- 
blatter/  xvi.  428-429 
(Abs.) 

« Chem.  News/  hdii.  97. 

*  Ber.*  xxiv.  666-668 ; 
'  Zeitschr.  f .  physikal. 
Chem.'  vu.  621  (Abs.) 


•  C.  R.'  cxii.  582-684 ; 
*  Zeitschr.  f .  physikal. 
Chem.'  viU.  144  (Abs.) 

*Bull.  Acad.  Belg.'  [3]. 
xxi.  337-345;  -Nature,' 
adiv.  24  (Abs.) 

*Ber.'  xxiv.  1328-1331; 
'Chem.  News,'  Ixiv.  50 
(Abs.) 

'Ann.  Chem.  u.  Pharm.' 
cclxv.  1-27 ;  *  Chem. 
News,'  Ixiv.  65-G6,  75- 
76,  99-101,  120-121. 

« J.  prakt.  Chem.'  xliv.  256 ; 
•Chem.  News,'  Ixiv.  262 
(Abs.) 

•  J.  Chem.  Soc.'  Ixi.  287- 
310;  *  Beiblatter,'  xvii. 
669-661  (Abs.) 

•Proc.  Roy.  Soc.'  1.  302- 
817;  *  J.  Chem.  Soc.'  Ixiv. 
I.  41-42  (Abs.) 

•  Chem.  News,'  Ixiv.  30-31. 


'Ann.    Phys.    u.    Chenau* 
[N.F.],  xliiL  784-789. 


<  Brit.  Assoc.  Report,'  189 1 . 
611 ;  *  Chem.  News,'  Ixiv. 
167. 

•Amer.  J.  Sci.'  [3],  xlii. 
448-459  ;  •  Chem.  News,' 
Ixv.  22-24,  32-34;  « Na- 
ture,' xlv.  212  (Abs.) 
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T.  Costa 


O.  Knoblauch 


R.  E.  Schmidt  and 
L.  Gattermann. 


F.  MiUler       . 
A.  Weigle      . 


Lecoq     de     Bois- 
daudran. 

R.  Bach 


A.  Bottendorff 


J.  W.  Brahl  . 
G.  Carrara     • 


Q.  KrOss  and   H. 
Morabt. 


H.     Landolt    and 

TTima  Jahn« 


G.    KrOas  and   H. 
Krttw. 


Chemical  Relations,  1891, 1892. 

Sal  potere  rifrangente  molecnlare 
delle  carbilamine  et  del  nitrili. 
(Read  Nov.  15.) 

Absorptions-SpectralanalyBe  sehr 
verdunnter  L5snngen. 


Ueber  Ozyderivative  des  Alizarin- 
Blau. 

1892. 

Ueber  das  Htherisohe  Gel  dcr  Lor- 
beer-Beeren.    (Read  Feb.  11.) 

Spectrophotometrische  Untersuch- 
ungen  der  Salze  aromatischer  Ba- 
sen.    (Feb.) 

Recherchessorlesamaiiam.  (Read 
March  14.) 

Thermochemiedes  Hydrazinsynebst 
einer  Bemerkung  {Iber  die  Mole- 
cularrefraction  einiger  Stickstoff- 
yerbindnngen.    (April.) 

Studien  iiber  die  Erden  der  Ceriam- 
und  Yttrium-Grappe.    (Jane.) 


Ueber   das 
Jane  11.) 


Trimethylen.      (Read 


Sul  peso  molecolare  e  sul  potere 
rifrangente  dell'  acqoa  ossigenata. 
(Read  July  3.) 


Ueber  die  Reaction  zwischen  Ferri- 
salzen  und  loelichen  Rhodaniden. 

(July.) 

Ueber  die  Molecularrefraction  eini- 
ger einfachen  organischen  Verbin- 
dungen  fur  Wellen  von  unendlich 
grosser  Wellenlange.    (Sept.) 

Beitrage  zurquantitativenSpectral- 
analyse.    (Sept.) 


*  Rend.  R.  Accad.  d.  Lin« 
cei*  [4],  vii.  308-313} 
'Rivista  scient.  industr.' 
xxiv.  104-109. 

'Ann.  Phys.  u.  Chem.' 
[N.F.].  xliu.  738-783; 
•  Chem.  News,'  Ixiv.  120 
(Abs.) 

« J.  prakt.  Chem.'xliv.  laS- 
109;  'Chem. News,' hdv. 
261  (Abs.) 


•  Ber.' XXV.  647-651  ;«Bei- 
bliitter,'  xvi.  605  (Abs.) 

•  Zeitschr.  f.  physikal. 
Chem.'xi.«27-247,  426- 
428  ;  *  Beibl&tter,'  xvii. 
606  (Abs.) 

'C.R.'cxiv.  672-677. 

'  Zeitschr.  f .  physikal. 
Chem.'ix.  241-263;  «Bei- 
biatter,'  xvi.  516-517 
(Abs.) 

*Ann.  der  Chem.'  cclxx. 
376-383 ;  '  Ber.'  xxv. 
(Ref.),766  (Abs.); 'Chem. 
News,'  Ixvi.  307, 320-321 
(Abs.);  *J.  Chem.  Soc.' 
Ixii.   1400-1401  (Abe.); 

•  Beiblatter,'  xvi.  744- 
745  (Abs.) 

•  Ber.'  xxv.  1952-1966 ; 
'Beiblatter,'  xvii.  823 
(Abs.) 

<Bend.  R.  Accad.  Roma,' 
[5],  i.   II.  sem.  19-24; 

*  Gazz.  chim.  itaL'  xxii. 
II.  341-349  ;  *  J.  Chem. 
Soc'  Ixiv.  II.  163  (Abs.) 

'  Zeitschr.  f.  anorg.  Chem.' 
i.  399-404;  'Ber.'  xxv. 
(Ref.).917(Abs.);«Chem. 
News,'  Ixvi.  198  (Abs.) 

•  Zeitschr.  f.  physikal. 
Chem.' X.  289-320;  «  Bei- 
blatter,' xvu.  329-331 
(Abs.) 

•  Zeitschr.  f .  anorg.  Chem.' 
i.  104-126  ;  *  Zeitschr.  f. 
physikal.  Chem.'  x.  432 
(Abs.)  ;  'Beiblatter; 
xvi.  606 (Abs.);  'Zeitschr. 
f .  anal.  Chem.'  xxxii.  674 
(Abs.);  'J.  Chem.  Soc.' 
Ixiv.  II.  283-284  (Abs.) 
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CHEMiOiUi  Relations,  1892, 1893. 


J.H.Eder     . 

V.  Markovnikoff 
and  A.  Reformat- 
sky. 

T.  A.  Gooch  and 
J.  J.  Phinney. 

F.  Zecchini    . 


C.  F6ry  .        , 
C.  Qraebe 


C.    A.     Lobry   de 
Braijn. 


A.  Gortz 


W.  Ostwald 


J.  Jane6ek 


Beitrage      zar 
(Read  Nov.  3.) 


Speotralanalyse. 


Bulgarian  (Turkish)  Oil  of  Roses. 
(ReadNov.6,O.S.)   (In  Russian.) 


Qoantitative  Determination  of 
Rubidinm  by  the  Spectroscope. 
(Nov.) 

Sal  potere  rifrangente  del  fosforo. 
I.  Potere  rifrangente  del  fosforo 
libro  e  delle  sue  oombinazioni 
cogli  elementi  o  gruppi  mono- 
valehti.    (Read  Dec.  6.) 

Snr  r^tude  des  reactions  chimiques 
dans  une  masse  liquide  par  Tin- 
dice  de  refraction.  (Read  Dec.  26.) 

Ueber  Azofarbenspectra.    (Dec.)  . 


L'hydroxylamine 


Ueber  spectrophotometrische 

Affinitatsbestimmungen.   (Disser- 
tation, Tiibingen,  1892,  67  pp.) 

Ueber  die  Farbe  der  lonen     . 


Gerichtlioh-chemischer 
von  Blut 


Nachweis 


'Denkschr.  Akad.  Wien/ 
Ix.  1-24. 

*  J.  Russ.Phys.  Chem.  Boo/ 
xxiv.  663-686 ;  *  J.  Chenh. 
Soc'  Ixiv.  I.  662-663 
(Abs.) 

'  Amcr.  J.  Sci.*  xliv.  392- 
400;  *  Nature.'  xlvii.  94 
(Abs.) 

*Gazz.  chim.  itaL'  zxiii. 
I.  97-120;  'J.  Chem. 
Soc*  bdv.  II.  353-354 
(Abs.) 

'C.  R.*  cxv.  1309-1312; 
*  J.  Chem.  Soc.'  Ixiv.  II. 
201  (Abs.) 

*  Zeitschr.  f .  physikaL 
Chem.'  X.  673-698; 
'  Beiblatter.'  xvii.  336 
(Abs.) 

*  Rec.  trav.  chim.  des 
Pays  -  Bas,'  xi.  18-60 ; 
'Ber.'xxv.(Ref.),  684-685 
(Abs.) 

*  Beiblatter.'  xvii.  378 
(Abs.) 

*  Abhandl.  math.  phys> 
Klasse  Sachs.  Gesellsch. 
d.  Wiss.'  xviii.  No.  II. 
281-307;  *Beibiattex; 
xvi.  534-537  (Abs.) 

« Zeitschr.  f .  anal.  Chem.' 
xxxi.  236-237  (Abs.>; 
•Chem.  News,'  ixvi.  32 
(Abs.) 


P.  Bary . 


6.  Ktuss   and   A. 
Loose. 


H.  Bertin-Sans  and 
J.  Moitessier. 


1893. 

Snr  la  composition  des  solutions 
aqueuses  des  sels  d'apr^s  les 
indices  de  refraction.  (Read 
Jan.  8.) 

Verhalten  der  Gadoliniterden 
gegen  Ealiumchromat.  (Jan.) 


Oxyh^matin,    h6matin    r6duit,  et 
h6mochromogtoe.  (Read  Feb.  20.) 


*C.  R.'  cxviii.  71-73;  *J. 
Chem.  Soc.'  Ixvi.  II.  132 
(Abs.) 


*  Zeitschr.  f .  anorg.  Chem.' 
iii.  92-107 ;  *  Chem. 
News,'  ixvu.  75-76,  87- 
89, 100. 

•C.  R.'  cxvi.  401-403; 
*Bull.  Soc  Chim.'  [3], 
ix.  380-382;  'Ber.'  xxvi. 
(Ref.),247(Abs.);  *Chem. 
News,'  Ixviii.  26  (Abs.) ; 
*J  Chem.  Soc.'  Ixiv.  I. 
447-448  (Abs.) 
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B.  BianBBcbweig  . 


H.  Bertin-SaDS  and 
J.  Moitessier. 


Lecoq     de     Bois- 
baudran. 


L.  Meyer 


G.  ErOss 


K.    Hofmann    and 
G.  ErOss. 

H.  Bertin-Sans  and 
J.  Moitessier. 


K.    Hofmann  and 
G.Kriiss. 


C.  Trapesonzjanz 


J.  M.  Eder  and  E. 
Valente. 


S.  Demar^ay  . 


Lecoq      de     Bois- 
baodran. 


Chemical  Bblations,'1893. 

Ueber  die  Ester  der  Methylbern- 
steinsaQre  (  Brenzweinsftnie  ). 
(Feb.) 

Nonveau  proc6d6  pour  obtenir  de 
Tozybtooglobine  k  Taide  d*oxy- 
b6matine  et  d'une  mati&re  albu- 
minoide.    (Read  Mar.  10.) 

Action  de  Toxyde  de  carbone  sur 
rh6matine  r6duite  et  sar  Tb^mo- 
chromogdne.    (Read  Mar.  13.) 

Recherches  sur  le  samarium.  (Read 
Mar.  20.) 

Recbercbessnrle  samarium.  (Read 
Mar.  27.) 

Nachtrag  zu  der  Abbandlung  von 
A.  Weigle,  ^Spectropbotometrische 
Untersucbang  der  Baize  aroma- 
tiscber  Basen.'    (Marcb.) 

Ueber  die  Erbinerde.    (Marcb)     . 


Ueber  die  Holminerde.    (April) 


Action  de  Voxyde  de  carbone  sur 
Tb^matine  r^duite  et  sur  I'hdmo- 
cbromog^ne.    (Read  May  12.) 

Ueber  die  Terbinerde.    (May) 


Ueber  die  Molecularrefraction 
stickstoffentbaltenden  Substan- 
zen.    (Read  June  8.) 

Ueber  den  Yerlauf  der  Bunsen'scben 
Flammereaction  im  ultravioletten 
Spectrum.    (Read  July  6.) 

Sur  la  simplicity  du  samarium. 
(Read  July  17.) 


Recberches  sur  le  samarium.  (Read 
July  24.) 


*  J.    prakt.  Cbem.'  [N.F.], 
xlvii.  274-300. 


*BuU.  Soc.  Cbim.' [.U  ix. 
243-244;  *  Cbem.  News/ 
bcvu.  301  (Abs.) 

*C.  R.*  cxvi.  691-692; 
*Ber.*  xxvi.  (Ref.),  292- 
293  (Abs.);  'J.  Cbem. 
Soc.*  Ixiv.  I.  448  (Abs.) 

*C.  R.'  cxvi.  611-613; 
*  Cbem.  News/  bcvii.  180 
(Abs.) 

*C.  R.'  cxvi.  674-677  ; 
» Chem.  News/  bcvil.  258- 
259  (Abs.) 

*  Zeitscbr.  f.  pbysikal. 
Cbem.'  xi.  426-428  ;  *  J. 
Cbem.  Soc'  Ixiv.  II.  464 
(Abs.)         . 

'  Zeitscbr.  f.  anorg.  Cbem.' 
iii.  363-369  ;  *  Chem. 
News/  IxviU.  148-149, 
158-159,  165-166,  176- 
178,  194,  209,  217-218; 
J.  Chem.  Soc.  Ixiv.  II.  376 
(Abs.) 

'  Zeitscbr.  f .  anorg.  Cbem.' 
iii.  407-414;  *Ber/xxvi. 
(Ref.),  473-474  (Abs.) 

'  Bull.  Soc.  Cbim/  [3],  ix. 
382-384 ;  *  Chem.  News/ 
Ixviu.  26  (Abs.) 

*  Zeitscbr.  f.  anorg.  Cbem/ 
iv.  27-43  ;  *  Ber.'  xxvi. 
(Ref.),  474-475  (Abs.) 

*  Ber/  xxvi.  1428-1433  ; 
« J.  Cbem.  Soc'  Ixiv.  II. 
401  (Abs.) 

*  Denkscbr.  Akad.  Wien/ 
Ix.  467-476. 


«C.  R.'  cxvii.  163-164; 
•J.  Cbem.  Soc/ Ixiv.  II. 
626(Abs.) ;  *  Cbem.  News/ 
Ixviii.  73-74  (Abs.) 

*  C.  R/  cxvii.  199-201  ; 
•Beiblatter/  xviii.  462- 
453  (Abs.);  'J.  Cbem. 
Soc.'  Ixiv.  II.  626-527 
(Abs.);  «Cbem.  News/ 
Ixvii^.  313  (Abs.) 
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BEPOKT — 1894. 


Chemical  Rblations,  1893— Thbobbtioal  Fapebs,  1882, 1886, 1886. 


H.  Bertin-Sans  and 
J.  Moitessier. 


0.  Wallach    . 


.  J.  Ferreira   da 
SUva. 


F.  Smith 


]S.  Dexmur^ay . 

E.    Hofmann    and 
G.  Kniss. 


M^thode  pour  d6montrer  rapide- 
ment  le  diplacement  par  Tozygdne 
de  Tozyde  de  carbone  de  la  car- 
boxyh^moglobine.  (Bead  July  28.) 

Zar  Eenntniss  der  Teipene  nnd  der 
atherischen  Oele.  (26"*  Abhandl.) 
(Aug.) 


Znr  Kenntniss  der  Terpene  und  der 
atherischen  Oele.  (2T**  Abhandl.) 
(Ang.) 


Sur  une nouTelle  reaction  de r^rine 
et  nne  mati^re  colorante  verte 
d6rivte  da  mdme  alcaloMe.  (Read 
Aug.  14.) 


Note  on  the  Nature  of  the  Dandmff 
and  its  Pigment  from  the  Skin  of 
the  Horse.    (Sept.) 

L'analyse  qualitative  et  la  spectro- 
Boopie.    (Dec.) 

Ueber  die  Holminerde    •       • 


*  Bull.  Soc.  Chim.'  [3],  ix. 
722 ;  *  Cbem.  News,  Ixviii. 
221  (Abs.) 

*  Ann.  d.  Chem.  n.  Pharm.' 
ccbcxvii.  105-154 ;  •  Ber.' 
xxvi.  (Ref.),  869-871 
(Abs.) ;  •  J.  Chem.  Soc' 
bcvi.  I.  43-45  (Abs.) 

*  Ann.  d.  Chem.  u.  Pharm.' 
ocbctvu.  154-161 ;  *  Ber.* 
xxvi.  (Ref.).  871-872 
(Abs.);  «J.  Chem.  Soc* 
Ixvi.  I.  46  (Abs.) 

•C.    B.'cxvii.    830^31; 

*  Bull.  Soc.  ChinL*  [3],  ix. 
763-754 ;  *  J.  Chem.  Soc.' 
Ixiv.      I.     741     (Abs.); 

*  Chem.  News/  bmlL  221 
(Abs.) 

»J.  Physiol.' XV.  162-166  ; 
*J.  Chem.  Soc'  Ixiv.  II. 
685-686  (Abs.) 

■  Rev.  g6n6rale  des  sci- 
ences/ iv,  725-729. 

'  Zeitschr.  f .  anoig.  Chem/ 
iii.  407-414;  'J.  Chem. 
Soc/  hriv.  II.  466-467 
(Abs.) ;  *  Beibl&tter/  XvU. 
688  (Abs.) 


M.  Weinberg . 


IX. 

THEORETICAL  PAPERS. 

1882. 

Interferenzstreifen  im  prisma- 
tischen  nnd  im  Beugxmgsspec- 
trum  (*  Ber.  d.  naturwiss.  Ver.  d. 
techn.  Hoclisch.  in  Wien,'  1882, 
1-8). 


» CarL  Repert/  xviii.  600- 
608;  *Beibmtter/vl.746 
(Abs.) 


R.  von  Eovesligethy 


1886. 

Theorie  der  continuirlichen  Spectra. 
(Read  Oct.  19.) 


'Math.  u.  naturw.  Ber. 
au8  Ungam,'  iv.  9-10; 
*  Beibmtter/  xii.  346-348 
(Abs.) 


B.  Lommel 


1886. 

Die  Beugungsersoheinungen  gerad- 
linig  begreneter  Schirme.  (Read 
May  1.) 


<  Abhandl.  k.  bayer.  Akad.* 
[2],  XV.  629-664;  'Sit- 
zungsb.  Akad.  Milnchen/ 
xvi.  84-87  (Abs.)  « Bei- 
bl&tter/  xi.  42-46  (Abs.) 
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R.Ton  EdYesUgethy 
W.  Uidhelson 

JLJDbx  . 

R.  von  Kdvesligethy 

A.  GrOnwald . 


B.  von  KoTealigethy 


A.  E.  Nordenskidld 


B.  P.  J.  Love . 


A.  Griinwald  , 


RTonEdvesligethy 


Tbbobbtioal  Fafbbs,  1887. 

1887. 

Theorie     der     discontinairlichen 
Spectra.    (Bead  May  16.) 


Theoretical  Essay  on  the  Distiilm- 
tion  of  Energy  in  the  Spectra  of 
SoUds.    (tfay.)    (In  Bossian.) 


Die  Theorie  des  Gluhens.    (May.) 


Theorie  der  Lockyer'schen  Spectral- 
methode  nndLinienverwandschaf- 
ten.    (Bead  June  20.) 


Ueber  die  merkwfirdigen  Bezie- 
hnngen  zwischen  dem  Spektmm 
des  Wasserdampfes  nnd  den  Lini- 
enspektmm  des  Wassertoffs  nnd 
Saoerstoffs,  sowie  fiber  die  ohe« 
miscbe  Strtiktnr  der  beiden  letz- 
tem,  nnd  ihre  Dissociation  in  der 
Sonnenatmosph&re.    (Jnly  17.) 


Mathematisohe       Spectralanalyse 
(Aug.) 


Snr  nn  rapport  simple  entre  les 
longneors  d'onde  des  spectres. 
(Read  Nov.  21.) 

On  a  Method  for  Discriminating 
Real  from  Accidental  Coincidenoes 
between  the  Lines  of  Different 
Spectra,  with  some  ApplicaUons. 
(Read  Nov.  26.) 

Mathematische  Spectialanalyse  des 
Magnesiums  nnd  der  Kohle.  (Read 
Dec.  1.) 


W.    Michelson's 
(Read  Dec.  12.) 


Spectraltheorie. 


'Math.  u.  natarw.  Ber. 
ans  Ungam/  v.  20-28; 

*  Beibl&tter/  zU.  346-348 
(Abs.) 

<  J.  Ross.  Phys.-Chem.Soc' 
xix.  IV.  79-99;  'J.  de 
Phy8.'vl.  467-479  (Abs.); 
-Phil.  Mag;  [6],  xxv. 
426-^35  (Aba.) 

'  Centralceit.  f.  Opt.  n. 
Mech.'  vui.  109-111 ; 
'  Beibiatter/xi.  777  (Abs.) 

<Math.  XL  natnrw.  Ber. 
ans  Ungam,'  v.  29-31; 

*  Beibl&tter/  ziL  5'l!B-580 
(Abs.) 

«Astr.  Nachr.'  crvii.  199. 
214;  «Phil.  Mag.*  [6], 
zziv.  854-367;  *Chem. 
News;  Ivi.  186-188, 201- 
202,  223-224,  232;  <  J. 
Chem.  Soc.'  lu.  1070-1071 
(Abs.);  *  Nature,'  zxxvi. 
601-602 (Abs.);  <Am.J.* 
[3],  xzziz.  399  (Abs.); 
'Beiblfttter,'  xii  246- 
246  (Abs.);  'Zeitschr.f. 
physikaL  Chem.'  il  88 
(Abs.) 

<  Astr.  Naehr.'  ozvii.  828- 
838;  '  Beiblatter,'  zii. 
346-348  (Abs.) 

•C.    R.'    cv.     988-996; 

*  Zeitschr.  f.  physikal. 
Chem.'  ii.  245  (Abs.) 

-Phil.  Mag.' [6],  XXV.  1-6; 

*  Zeitschr.  f.  physikal. 
Chem.'  U.  447  (Abs.) 


*  Sitzongsb.  Akad.  Wien,' 
xcvi.  n.  1164-1216 ; 
-  Monatsh.  f .  Chem.'  viii. 
660-712;  -Phil.  Mag.' 
[6],  XXV.  343-360  (Abs.); 
-Beibl&tter,' xii.  661-662 
(Abs.)  ;  -  Zeitschr.  f . 
physikal.  Chem.'  ii.  256 
(Abs.) 

*  ICath.  natnrwiss.  Ber. 
ans  Ungam,'  vii.  24-86 ; 
•Beiblfttter,'  xiv.  116-117. 
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REPORT — 1894. 


C.  Fi^rez 

J.  Willard  Gib)s 

C.  Range 

A.  Gninwald  . 
E.  Wilson      . 

T.  P.  Dale      . 


Theoretical  Papbbs,  1888, 1889. 
1888. 

De  la  oonstitation  optique  des  tales 
spectrales,  en  rapport  avec  la 
th6orie  ondulatoire  de  la  lomi^re 
(Presented  May  8.) 


A  Comparison  of  the  Elastic  and 
Electrical  Theories  of  Light  with 
respect  to  the  Law  of  Double 
Refraction  and  the  Dispersion  of 
Colours.    (June.) 

On  the  Harmonic  Series  of  Lines 
in  the  Spectra  of  the  Elements. 
(Sept.) 

Spectralanalyse  des  Kadmiums. 
(Read  Oct.  11.) 

The  Law  of  Dispersion.    (Oct ) 


On  the  Upper  Limit  of  Refraction 
in  Selenium  and  Bromine.    (Nov.) 


•  Bull.  Acad.  Belg.'  [3].  xv. 
694  (title);  « Nature/ 
xrxviii.  611  (Abs.) 


*Amer.  J.  Sci.*  [3],  xxxv. 
467-476. 


*  Brit.  Assoc.  Rep.*  1888, 
676-677 ;  *  Beiblatter/ 
xiv.  609-610  (Abs.) 

*Sitzung8b.  Akad.  Wien/ 
xcvii.  II.  1)67. 

•  Phil.  Mag.'  [5],  xxvi.  386- 
889 ;  •  Zeitschr.  f .  physi- 
kal.  Chem.'  ii.  973  (Abs.) 

*Proc.  Phys.  Soc'  x.  17- 
23;  *PhU.  Mag.'  [6], 
xxvii.  60-56. 


J.  S.  Ames     . 


E.  Conrady    . 
W.  Michekon 

T.  P.  Dale      . 
A.  Gninwald  . 


M.  Koppe 


1889. 

Griinwald's  Mathematical  Spectrum 
Analysis.     (Feb.) 


The  Concave  Grating  in   Theory 
and  Practice.    (March  27.) 


Berechnung    der 
fur  Natriumlicht. 


Atomrefraction 
(March.) 


Modem  Researches  on  the  Theory 
of  Continuous  Spectra.    (April.) 


On  a  Relation  existing  between 
the  Density  and  Refraction  of 
Gaseous  Elements,  and  also  of  some 
of  their  Compounds.  (Read  May 
26.) 

Spectralanalytischer  Nachweis  von 
Spuren  eines  neuen,  der  eilften 
Reihe  derMendelejefiTschen  Tafel 
angehorigen  Blementes,  welches 
besonders  im  Tellur  und  Antimon, 
ausserdem  aber  auch  im  Kupfer 
vorkommt.    (Oct.) 

Das  Minimum  der  Ablenkung  beim 
Prisma.    (Dec.) 


♦  Amer.  Chem.  J.'  xi.  138- 
141;  *  Nature,'  xl.  18; 
*  Beiblatter,*  xiii.  941- 
942  (Abs.) 

*Phil.  Mag.'  [6],  xxvii. 
369-384;  *Beibiatter,*  xiii. 
673  (Abs.) 

*  Zeitschr.  f .  physikal. 
Chem.'  iii.  210-227. 

•  J.  Russ.  Phys.-Cbem. 
Soc'  xxi.  87-103;  'Bei- 
blatter,'  xiv.  277-278 
(Abs.) 

'Phil.  Mag.'  [6],  xxviii. 
268-272. 


*Sitzungsb.  Akad.  Wien,' 
xcviii.  II.&,  785-817 ; 
*  Monatsh.  f.  Chem.'  x. 
829-861;  •  J.  Chem.  Soc' 
Iviii.  434-436  (Abs.) ; 
« Beiblatter,'  xiv.  278-279 
(Abs.) 

*  Zeitschr.  f.  phys.  u.  chem. 
Unterricht,'  iu.  76-78. 
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H.  Eajser 


Theobetical  Papebs,  1889, 1890. 


ITeber  GrQnwald's 
Speotralanalyse. 


mathematische 
(Dec.) 


*  Chem.  ZeitaDg/xiii.1655- 
1687,  xiv.  610-611  ;«Bei. 
blatter,*  xiv.  278  (Abs.) 


R.  Kasini 


J.  R.  Rydberg 


A.  OrOnwald  . 
H.  Deslandres 

A.  Qriinwald  . 


J.  B.  Rydbeig 


C.  Range 


A.  W.  Gravelaar 


Fr.  C.  G.  Muller 


J.  8.  Ames 


1890. 

Sallo  stato  attnale  dclle  teorie 
riguardanti  11  potere  rlfrangente 
del  compostl  organlcl.    (Jan.  1.) 

Sar  la  constitution  des  spectres 
lln6alres  des  616ment8  chimlques. 
(Read  Feb.  24.) 


Herr  Dr.  H.  Kayser  nnd  meine 
mathematische  Spectralanalyse. 
(March  8.) 

Propri6t6  fondamentale  commune 
aux  deux  classes  de  spectres.  Ca- 
ractdres  distinctly  de  chacune  des 
classes.  Variation  p^rlodlque 
&  trols  param^tres.  (Head  April 
8.) 

Ueber  das  sogenannte  zwelte  oder 
zusammengesetzte  Wasserstoff- 
spectrum  von  Dr.  B.  Hasselberg, 
und  die  Structur  des  Wasserstoffis. 
(Read  April  17  and  Oct.  9.) 


Ueber  den  Bau  der  Llnlenspectren 
der  chemlschen  Grundstoffe. 
(April.) 


On  a  Method  of  Discriminating 
Real  from  Accidental  Coinci- 
dences between  the  lines  of  Dif- 
ferent Spectra.    (June.) 

Das  Minimum  der  Ablenkung 
elnes  lichtstzahls  duzch  eln  homo- 
genes  Prisma.    (June.) 

Der  Satz  Tom  Minimum  der  Ablen- 
kung beim  Prisma.    (June.) 


On  the  Relations  between  the  lines 
of  Various  Spectra,  with  special 
Reference  to  those  of  Cadmium 
and  Zinc;  and  a  Re-determlna- 
tion  of  thelrWave-Lengths.  (July.) 


'Gazz.  chlm.  Ital.'  zz.  1. 
18. 

*C.     R.'     ex.      394-397; 

*  Zeltschr.  f .  physikal. 
Chem.*  V.  222-232 ;  *  Na- 
ture,* xU.  431  (Abs.); 
»Chem.  News,'  Ixi.  146 
(Abs.) ;  •  Beibiatter,'  xlv. 
607-609  (Abs.) 

*  Chem.  Zeitung/  xlv.  326- 
328;  *Chem.  News,'  1x1. 
169. 

•C.R'cx.  748-760;  •  Na- 
ture,'    xli.  '  766    (Abs.)  ; 

*  Beibiatter,'  xlv.  616 
(Abs.) ;  '  Zeitschr.  f. 
physikal.  Chem.*  vi.  87 
(Abs.) 


er  d.  k.  Akad. 
Wlen,'  xxvl.  70-71,  196- 
201;  'Monatshefte  f. 
Chem.'  xl.  129-130,  xili. 
111-146;  «Zeitechr.  f. 
physikal.  Chem.'  vi.  693 
(Abs.)  ;  *  Chem.  News,' 
Ixii.  288-289,  Ixlii.  13 
(Abs.) ;  *  Beibiatter,'  xlv. 
779  (Abs.) 

'  Zeltschr.  f.  physikal. 
Chem.'  V.  227-232; 
*PhU.  Mag.'  [6],  xxlx. 
331-337;  •  J.  Chem.  Soc.' 
Iviii.  674-676  (Abs.) 

*  Phil.  Mag.'  [6],  xxix.  462- 
466. 


'  Zeltschr.  f.phys.  u.  chem. 
Unterricht,'  Hi  246-247. 


*  Zeltschr.  f.phys.  u.  chem. 
Unterricht,!  Hi.  247- 
248;  'Beibiatter.'  xiv. 
979  (Abs.) 

•PhiLMag.'[6],  xxx.  33- 
48. 
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REPORT — 1894. 


Q.  J.  Stoney  . 


H.  Deslandres 

W.  N.  Hartley 
J.  S.  Ames  • 
A.  B.  Basset  . 

G.  J.  Stoney  . 
A.  Brener 


A.  GrOnwald . 


D.  Goldhammer 

B.  Kasini       . 

O.  J.  Stoney  . 

C.  Range 

E.  Ketteler    . 


Thsobbtioal  Papers,  1891, 1892. 

1891. 

Analysis  of  the  Spectrnm  of  So- 
dium, indnding  an  Inquiry  into 
the  True  Place  of  the  Lines  that 
have  been  regarded  as  Satellites. 
(Read  March  26  and  May  22.) 


M6thode  nouvelle  pour  la  re- 
cherche des  bandes  faibles  dans 
les  spectres  de  bandes.  Applica- 
tion aux  spectres  des  hydrocar- 
bons.   (Read  March  81.) 

On  the  Relations  between  the  Lines 
of  Various  Spectra.    (April.) 

On  Homologous  Spectra.    (Sept.) 

On  Selective  and  Metallic  Reflexion. 
(Read  Nov.  12.) 

Analysis  of  the  Spectrum  of  So- 
dium, including  an  Inquiry  into 
the  True  Place  of  the  Lines  that 
have  been  regarded  as  Satellites. 
(Read  Nov.  18.) 

Uebersichtliche  Darstellnng  der 
mathematischen  Theorien  uber  die 
Dispersion  des  Lichtes.  I.  Theil. 
(Hannover,  Bacmeibter,  1890.  50 
pp.)  II.  Theil.  Anomale  Dispersion. 
(Erfurt,  Bacmeister.  1891.  64  pp.) 

1892. 

Ueber  daa  sogenannte  zweite  oder 
zusammengesetzte  Wasserstoff- 
spectrum  von  Dr.  B.  Hasselberg, 
und  die  Structur  des  Wasserstoffs. 
1.  Theil.  Empirisch-Induction-Ab- 
theilung.    (Read  Feb.  4.) 


Essay  on  the  Theory  of  Dispersion 
aadAbBorption.(InRussian.)(Feb.) 

Sul  potere  rifrangente  per  un 
raggio  di  lunghezza  d'  onda  in- 
finita.    (March.) 

On  the  Line  Spectra  of  the  Ele- 
ments.   (May.) 

On  the  Line  Spectra  of  the  Ele- 
ments.   (June.) 

Das  Grensbrechungsezponent  fur 
unendlioh  langen  Wellen. 
Transformation  der  Dispersions- 
gleichungen.    (Aug.) 


•Trans.  Roy.  Soc.  Dabl.' 
[2],  iv.  663-608  ;  *  Proc. 
Roy.  Soc.  DubL'  [N.S.]. 
vii.  201-203  (Abs.) ; 
«PhiL  Mag.'  [6],  amdu. 
603-616  (Abs.);  'Na- 
ture,' xUii.  661-562 
(Abs.) ;  '  Beiblatter,'  xvi. 
631-632  (Abs.) 

'0.  R.'  cxii  661-663; 
'  Zeitsohr.  f .  physikaL 
Chem.'  viii.  144  (Abs.) 


•Phil.  Mag;  [5],  30X1. 
369-363. 

*Pha.  Mag.'  [6],  xxxii. 
319-320. 

•  Proc.  Math.  Soc.  London,' 
xxiii.  4-18 ;  *  Nature,'  xlv. 
119-121  (Abs.) 

'Proc.  Roy.  Soc.  DubL' 
[N.S.],  vii.  204-217 ; 
*  Nature/  xlv.  166-167 
(Abs.) 

•Beiblatter,'  xiv.  971 
(Abs.) ;  •  Beiblatter,'  xvi. 
273  (Abs.) 


•  Sitzungsb.  Akad.  Wien,' 
ci.  IL  121-264;  •Mo- 
natsh.  f.  Chem.'  xiii.  Ill* 
244;  •Zeitsohr.  f.  phy- 
sikal.  Chem.'  x.  668 
(Abs.) ; « Beiblatter,'  xvii, 
203-204(Abs.) ;  •  J.Chem. 
Soc.'  Ixii.  1361  (Abs.) 

•J.  Russ.  Phy8.-Ghem. 
Soc.'  xxiv.  n.  17-39: 

•Gaz2.  chim.  itaL'  xxiii. 
L  847-364. 

•Nature,'  xlvi.  29,  126, 
222,  268. 

•Nature,'  xlvi.  100,  200, 
247. 

•Ann.  Phys.  u.  Chem.' 
[N.F.],  xlvi.  672-683; 
•  Nature,'  xlvL  484 
(Abe.) 
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Thbobetioal  Papbbs,  1892, 1893. 

O.  J.  Stonej  .       .  I  Keoent  Speotrosoopic  Determina-  |  *  Nature/  zM.  618. 
I    tions.    (Sept.) 


O.  Higgs 
A.  Corna 

n  • 

A.  Knrz .       • 

B.  Carvallo     . 


1893. 

On  the  Geometrical  Gonstmctlon 
of  the  Oxygen  Absorption  Lines 
A,  B,  and  a  of  the  Solar  Spec- 
tram.    (Bead  March  9.) 

itndes  8VX  Ics  rdseanx  dlffringents. 
Anomalies  focales.  (Bead  May 
29.) 

Snr  divers  m^thodes  relatives  & 
Tobservation  des  proprl6t6s  ap- 
pellee anomalies  focales  des  r6- 
seanx  dlffringents.  (Bead  June 
19.) 

Die  kleinste  Ablenlnmg  im  Prisma. 
(Aug.) 

Le  spectre  calorifiqne  de  la  flnorine. 
(Bead  Deo.  11.) 


•  Proc.  Boy.  Soc'  liv.  200- 
208  (Abe.);  'Nature/ 
xlviii.  164^166  (Abs.); 
<Beiblatter/  zvUL  338 
(Abe.) 

«C.  B.'  cxvi.  1215-1222; 
•Beibiatter/  xviU.  196- 
196  (Abs.);  'Nature/ 
xlviU.  144  (Abs.) 

•0.  B/  cxvi.  1421-1428? 
*  Beibiatter/  xviii.  196- 
198  (Abe.) 


*Zeit8Chr.  f.  Math.  a. 
Phys.'  xxxviii.  (Phys. 
Abth.),  319-320. 

•C.  B.'  cxviL  846-847; 
•Beibiatter/  xviu.  333 
(Abs.) 


List  of  the  Chief  Abbreviations  used  in  the  above  Catatogue. 


Abbreviated  Title. 
Amer.  J.  Sei.     . 
Ann.  Agron. 
Ann.  Chem.  n.  Pharm. 
Ann.  Chim.  et  Phys. . 
Ann.  de  Chim.  . 
Ann.  Obe.  Bruxellee . 
Ann.  Phys.  u.  Chem.  [N.F.] 

Arch,  de  Geneve 

Arch,  f .  Anat.  u.  Physiol. . 

Aich.     f.    d.     gesammte 

Physiol. 
Arch,  f .  exper.  Pathol,  n. 

Pharmakol. 
Arch,  n^erland . 


Astr.  Nachr. 
Atti  d.  B.  Aocad. 
Beibl&tter. 


d.  Linoei 


Ber. 

Hied.  Centr. 

Bot.  Zeitung     . 

BnU.  Astron.     . 

Bull.  Soc.  Chim. 

Bull.  Soc.  Min.  de  France 

Chem.  Centr.    . 

C.  B.         •        •        • 


Full  Title. 
American  Journal  of  Science  (Silliman's). 
Annales  Agronomiques. 
Annalen  der  Chemie  und  Pharmaoie  (Liebig). 
Annales  de  Chimie  et  de  Physique. 
Annales  de  Chimie. 

Annuaire  de  rObeervatoire  de  Bruxelles. 
Annalen    der    Physik    und    Chemie    [Neue    Folge] 

(Wiedemann). 
Archives  des  Sciences  Physiques  et  Naturelles  (Geneve). 
Archiv  f fir  pathologische  Anatomie  und  Physiologic  und 

fiir  klinische  Medicin  (Virchow). 
Archiv  f Or  die  gesammte  Physiologic  (Pflfiger). 

Archiv  fib:  experimentelle  Pathologic  und  Pharmakologie. 

Archives  n^erlandaises  des  Sciences  exactes  et  natu- 
relles (Haarlem). 

Astronomische  Nachrichten. 

Atti  della  Beale  Accademia  del  Lincei. 

Beibiatter  zu  der  Annalen  der  Physik  und  Chemie 
(Wiedemann). 

Berichte  der  deuteohen  chemischen  GeseUschaf  t. 

Biedermanns  Centralblatt  fiir  Agriculturchemie. 

Botanische  Zeitung. 

Bulletin  Astronomiqne  (Observatoire  de  Paris). 

Bulletin  de  la  Soci6t6  Chimique  de  Paris. 

Bulletin  de  la  Sooi6t6  Mintelogique  de  France. 

Chemisches  Centralblatt. 

Comptes  Bendus  de  rAcadtoie  des  Sciences  (Paris). 
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List  cf  tks  Chief  Abbrevi^Uums—continued. 


Abbreviated  Title. 

Dlngl.J 

Gazz.  chim.  ital. 
GrdttingeD.  Nachr.    . 

Handl.  Svensk.  Vet.  Akad. 

Jahrb.  f .  Photog. 

J.  Chem.  Soc.    . 

J.  dePhjs. 

J.Physiol. 

J.  prakt  Chem. 

J.  Ross.  Phy8.-Chem.  Soc. . 

J.  Soc.  f  raiiQ.  de  Phys. 
Math.  u.    naturwiss.   Ber. 

aus  Ungarn. 
Mem.  spettr.  ital. 
Monatsb.  Akad.  Berl. 

Monatsh.  f .  Chem.      . 
Month.  Not.  Roy.  Ast.  Soc. 

Oefvers.  af  K.  Vet.  Akad. 

Forh. 
PhiV.  Mag. 
Phil.  Trans. 

Phot.  Mittheil.  . 

Phys.  Review    . 

Phy8.Revae 

Proc.  Phys.  Soc. 

Proc.  Roy.  Inst. 

Proc.  Roy.  Soc. , 

Rec.  des.  trav.  chim.  des 

Pays-Bas. 
Rend.  R.  Accad.  d.  Lincei 
Riv.  sci.  industr . 
Sitzangsb.  Akad.  Berl. 

Sitzimgsb.  Akad.  Miinchen 

Sitzungsb.  Akad.  Wien     . 

Sitzangsb.  phy8.-med.  Soc. 
Erlangen 

Skand.  Arch,  f .  Physiol.    . 

Verb.  phys.  Gesellsch. 
Berlin. 

Wien.  Anz. 

Zeitschr.  f.  anal.  Chem. 

Zeitschr.  f.  anorg.  Chem.  . 

Zeitschr.  f.  Kryst.  u.  Min. . 

Zeitschr.  f .  physikal.  Chem. 

Zeitschr.  f.  phys.  u.  chem. 
Unterr. 

Zeitschr.  f.  physiol.  Chem. 

Zeitschr.  f.  wiss.  Micro- 
scopic. 


Full  Title. 
Dingler's  polytechnisches  Journal. 
Gazzetta  chimica  italiana. 
Nachrichten  von  der  Georg-August-Universitat  nnd  der 

konigl.  Gesellschaft  der  Wissenschaften  (Gottingen). 
Handlingar  K.  Svenska  Vetenskaps  Akademien  (Stock- 
holm). 
Jahrbrach  fiir  Photographie  (Eder). 
Journal  of  the  Chemical  Society  of  London. 
Journal  de  Physique. 
Journal  of  Physiology. 
Journal  fiir  praktische  Chemie. 
Journal  of  the  Russian  Physico-Chemical  Society  (in 

Russian). 
Journal  de  la  Soci6t6  frangaise  de  Physique. 
Mathematische  und  naturwissenschaf tliche  Berichte  aus 

Ungarn. 
Memorie  della  Society  degli  spettroscopisti  italiani. 
Monatsberichte  der  Akademic  der  Wissenschaften  zu 

Berlin. 
Monatshefte  fur  Chemie  (Wien). 
Monthly  Notices  of  the  Royal  Astronomical  Society  of 

London. 
Oefversigt    af   E.    Svenska    Vetenskaps    Akademiens 

Forhandlingar. 
London,  Edinburgh,  and  Dublin  Philosophical  Magazine. 
Philosophical    Transactions    of   the  Royal    Society  of 

London. 
Photographische  Mittheilungen  (Vogel). 
Physical  Review. 
Physikalische  Revue. 

Procedings  of  the  Physical  Society  of  London. 
Proceedings  of  the  Royal  Institution  of  Great  Britain. 
Proceedings  of  the  Royal  Society  of  London. 
Recueil  des  travaux  chimiques  des  Pays-Bas. 

Rendiconti  della  reale  Accademia  dei  Lincei. 

Rivista  scientifico-industriale. 

Sitzungsberichte  der  Akademie  der  Wissenschaften  zu 

Berlin. 
Sitzungsberichte  der  koniglich  baierischen  Akademie  zu 

Milnchen. 
Sitzungsberichte  der  Akademie  der  Wissenschaften  zu 

Wien. 
Sitzungsberichte  der  phys.-medicinischen  Societat   zu 

Erlangen. 
Skandinavisches  Archiv  fiir  Physiologic  (Leipzig). 
Verhandlungen  der  physikalischen  Gesellschaft  zu  Berlin. 

Anzeiger  der  k.  Akademie  der  Wissenschaften  zu  Wien. 

Zeitschrift  fiir  analytische  Chemie. 

Zeitschrift  fiir  anorganische  Chemie. 

Zeitschrift  fiir  Krystallographie  und  Mineraiogie. 

Zeitschrift  fiir  physikalische  Chemie. 

Zeitschrift  fiir  physikalischen  und  chemischenUnterricfat. 

Zeitschrift  fiir  physiologische  Chemie. 
Zeitschrift  fur  wissenschaftliche  Microscopic. 
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An  International  Standa/rd  for  the  Analysis  of  Iron  and  Steel. — 
Sixth  Report  of  the  Committee^  consisting  of  Professor  W.  C. 
RoBERTS-AusTEN  (Chairman),  Sir  P.  Abel,  Mr.  E.  Riley, 
Mr.  J.  Spiller,  Professor  J.  W.  Langley,  Mr.  G.  J.  Snelus, 
Professor  Tilden,  and  Mr.  Thomas  Turner  (Secretary).  (Drawn 
tip  by  the  Secretary.) 

Ik  the  previous  report  of  this  Committee  it  wsjb  stated  that  the  work  of 
the  British  analysts  was  completed,  so  far  as  the  four  original  standards 
were  concerned,  and  that  the  results  of  the  analyses  conducted  by  the 
other  Committees  were  in  good  agreement  with  those  published  by  this 
Committee. 

The  remaining  standard,  No.  5,  has  now  been  analysed  by  Messrs. 
G.  S.  Packer,  J.  Pattinson,  E.  Riley,  and  J.  E.  Stead,  and  the  results  of 
their  investigations  are  as  follows  : — 


— 

G.  S.  Packer 

J.  Pattinson 

E.  Riley 

J.  £.  Stead 

Mean 

Combined  Carbon 

(0055) 

0034 

0-036 

0-035 

0-036 

Silicon 

0006 

0006 

trace 

0-008 

0006 

Sulphur 

0030 

0030 

0-023 

0-036 

0030 

Phosphorus . 

0-040 

0041 

0041 

0042 

0041 

Manganese  . 

0-275 

0-310 

0-258 

0-317 

0-290 

Copper        .        . 

— 

— 

0026 

— 

— 

Generally  speaking,  the  agreement  in  these  results  is  very  good.  The 
carbon  determination  by  Mr.  Packer  is  somewhat  high,  and  this  is  ex- 

Elained  by  the  fact  that  Mr.  Packer's  determinations  were  made  in  the 
iboratory  of  Messrs.  J.  Brown  and  Co.,  Sheffield  ;  and  as  the  operations 
were  conducted  in  the  centre  of  a  large  works,  with  dust  inevitably  in 
constant  circulation,  it  was  not  found  possible,  even  by  carefully  covering 
the  vessels  in  which  the  analyses  were  performed,  to  obtain  strictly  con- 
cordant results  with  the  combustion  of  samples  so  low  in  carbon  content. 
For  this  reason,  at  Mr.  Packer's  suggestion,  his  numbers  are  not  reckoned 
in  calculating  the  mean  carbon  percentage.  The  quantity  of  material 
operated  upon  in  estimating  such  small  amounts  of  carbon  is  necessarily 
large,  and  during  filtration  and  other  processes  in  a  dusty  atmosphere 
sufBcient  carbon  is  added  to  seriously  affect  the  results. 

The  manganese  determinations  vary  from  a  minimum  of  0*258  to  a. 
maximum  of  0*317,  and  the  figures  have  been  carefully  checked  by  the 
analysts.  This  difference  raises  an  important  question  as  to  the  relative 
accuracy  of  the  methods  employed,  though  such  inquiries  ai-e  outside  the 
present  work  of  the  Committee. 

Several  applications  have  been  received  during  the  past  year  for  samples 
of  the  standanls  from  chemists  engaged  in  investigations  as  to  the  relative 
accuracy  of  various  methods  of  analysis,  and  it  is  hoped,  now  the  stan- 
dards  have  been  prepared  and  their  composition  determined  with  very 
considerable  accuracy,  that  they  may  be  frequently  employed  for  such 
purposes  of  reference. 

As  the  work  of  the  Committee  is  now  completed  it  is  proposed  to 
shortly  deposit  the  standards  with  the  Board  of  Trade,  as  originally 
suggested,  or  with  some  other  suitable  authority,  where  they  will  be  at 
the  public  service. 

The  Committee  do  not  ask  for  reappointment. 
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The  Action  of  Light  upon  Dyed  Colours. — Report  of  the  Committee^ 
consisting  of  Professor  T.  E.  Thorpe  (Chairman),  Professor  J.  J. 
Hummel  (Secretary),  Dr.  W.  H.  Perkin,  Professor  W.  J.  RussELL, 
Captain  W.  DE  W.  Abney,  Professor  W.  Stroud,  and  Professor 
R.  Meldola.     (Drawn  up  hy  the  Secretary.) 

During  the  past  year  the  work  of  this  Committee  has  been  continued, 
and  a  large  number  of  wool  and  silk  patterns,  dyed  with  various  natural 
and  artificial  orange  and  yellow  colouring  matters,  have  been  examined 
with  respect  to  their  power  of  resisting  the  fading  action  of  light. 

Tlie  general  method  of  preparing  the  dyed  patterns,  and  the  manner 
of  exposing  them  under  glass,  with  free  access  of  air  and  moisture,  were 
the  same  as  already  adopted. 

The  patterns  were  exposed  at  Adel,  near  Leeds,  in  the  grounds  of 
James  A.  Hirst,  Esq.,  to  whom  the  best  thanks  of  the  Committee  are 
again  due  for  his  kind  permission  to  do  so. 

Each  dyed  pattern  was  divided  into  six  pieces,  one  of  which  was 
protected  from  the  action  of  light,  while  the  others  were  exposed  for 
different  periods  of  time.  These '  periods  of  exposure '  were  made  equivalent 
to  tho^e  adopted  last  year,  by  exposing,  along  with  the  patterns,  special 
series  of  '  standards,'  dyed  with  the  same  colouring  matters  as  were  then 
selected  for  this  purpose.  The  standards  were  allowed  to  fade  to  the 
same  extent  as  those  which  marked  off  the  *  fading  period '  of  last  year, 
before  being  renewed  or  removing  a  set  of  dyed  patterns  from  the  action 
of  light.  The  patterns  exposed  during  the  past  year  are  therefore 
comparable,  in  respect  of  the  amount  of  fading  which  they  have  ex- 
perienced, with  the  red  dyes  already  reported  upon. 

The  patterns  were  all  put  out  for  exposure  on  June  8,  1893,  certain 
sets  being  subsequently  removed  on  the  following  dates  : — July  1,  July  31, 
August  26,  1893  ;  February  19,  June  12,  1894.  Of  the  ^ve  *  periods  of 
exposure'  thus  marked  off,  periods  1,  2,  3  were  equivalent  to  each  other 
in  fading  power,  whereas  periods  4  and  5  were  each  equivalent  to  /our  of 
the  first  period  in  this  respect ;  hence  five  patterns  of  each  colour  have 
been  submitted  respectively  to  an  amount  of  fading  equal  to  1,  2,  3,  7, 
and  11  times  that  of  the  first  'fading  period'  selected — viz.  June  8  to 
July  1,  1893. 

The  dyed  and  faded  patterns  have  again  been  entered  in  pattern-card 
books  in  such  a  manner  that  they  can  be  readily  compared  with  each  other. 

The  following  tables  give  the  general  result  of  the  exposure  experi- 
ments made  during  the  year  1893-94,  the  colours  being  divided,  acconling 
to  their  behaviour  towards  light,  into  the  following  five  classes :  very 
fugitive,  fugitive,  moderately  fast,  fast»  very  fast. 

The  initial  numbers  refer  to  the  order  of  the  patterns  in  the  pattern- 
books.  The  S.  and  J.  numbers  refer  to  Schultz  and  Julius  s  'Tabel- 
larische  XJebersicht  der  kiinstlichen  organischen  Farbstoffen.' 

The  colours  marked  thus  (*)  appear  to  be  somewhat  faster  tiian  the 
rest  of  the  class  in  which  they  are  placed. 

In  the  case  of  colouring  matters  requiring  mordants,  the  particular 
mordant  employed  is  indicated  in  brackets  after  the  name  of  the  dye- 
stuff. 
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Class  L    Vkby  FuGinvB  Oolours.    (Wool,) 

The  oolours  of  this  class  have  faded  so  rapidly  that  at  the  end  of  the 
first  'fading  period'  (June  8  to  July  1,  1893)  only  a  very  faint  colour 
remains,  or  it  has  heoome  very  materially  altered  in  hue.  At  the  end  of 
the  fifth  period  (one  year)  all  traces  of  the  original  colour  have  disap- 
peared, the  woollen  cloth  being  either  quite  white  or  merely  of  a  yellowish 
or  brownish  tint. 

I^iiro  Colours. 
Wool  Book  III. 

Acid  Yellows.    9.  Aurantia.    Ammozdnm  salt  of  hexa-nitro-dlphenjlamine.    S.  and 
J.  14. 
„  32.  "Brilliant  Yellow.    Sodiam  salt  of  dinitro-o-naphthol-a-sulphoDlc 

acid.    S.  and  J.  12. 
n  37.  ^Naphthol  Yellow.    Sodiam  salt  of  dinitro-o-naphthol.    8.  and 

o  38.  *Naphthol  Yellow  S.    Sodinm  salt  of  dinitro-a-naphthol-iS-sal- 

phonic  acid.    S.  and  J.  11. 
„  43.  Picric  acid.    Tri-nitro-phenol.    S.  and  J.  1. 

Azo  Colov/rs. 
Wool  Book  IV. 
Mordant  Colours.  14.  *Wool  Yellow  (Cr.).    From  azo   derivatirtf  of   aniline  and 

maclurin.    8.  and  J.  32. 
Wool  Book  III. 
Basic  Yellows.  4.  Chrysoidine.    From  aniline   and  m-phenylene-diamine.    S.  and 

J.  81. 
Direct    Cotton    1.  Terra  Cotta  F.    From  primolin  and  m-phenylene-diamine-azo- 
Colours.  naphthionic  acid. 

,»  9   Direct  Orange  RR.    Constitution  not  published. 

„  26.  Thiazol  Yellow.    From  azo  derivative  of  dehydro-thio-toluidine- 

sulphonic   acid,   and   debydro-thio-toluidine-sulphonic  acid. 
8.  and  J.  98. 
„  28.  Mimosa  Yellow.   From  azo  derivative  of  primulin,  and  ammonia. 

„  .SO.  Direct  Yellow  TS.    Constitution  not  published. 

„  36.  Direct  Orange  R.    Constitution  not  published. 

»,  3U.  Direct  Yellow  ASC.    Constitution  not  published. 

Diphenylmet?um  Colours. 

Basic  Colours.    7.  Auramine.     Imido-tetra-methyl-diamido-diphenyl-methan-hydro- 
chloride.    8.  and  J.  260. 

Triphenylmethcm  Colours. 
Acid  Colours.    48.  Uranin  A.    Sodium  salt  of  fluorescein.    8.  and  J.  315. 

Quinoline  Colours. 
Basic  Colouis.  42.  Quinoline  Yellow  (sol.  in  spirit).    Qnino-phthalone.   8.  and  J.  378. 

Acridvne  Colours. 

„  1.  Acridine  Orange  R.  extra.    Zinc  salt  of  tetra-methyl-diamido- 

phenyl-aoridine. 
„  2.  Acridine  Orange  NO.    Zinc  salt  of  tetra-methyl-diamido-acridlne. 

8.  and  J.  381. 
„  3.  Phosphlne.    Diaraido-phenyl-acridine-nitrate.    8.  and  J.  382. 

M  6.  Benzoflavine.    Diamido-phenyl  di-methyl-acridine  hydrochloride. 

8.  and  J.  883. 
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Thiobentsenyl  Coloure. 
Wool  Book  III. 
Basic  Colours.    9.  Thioflavin  T.    Dimethyl-dehydro-thio-tolnidine-methyl  chloride. 

S.  and  J.  384. 
Acid  Colour.     29.  Thioflavin  S.    Sodiom  salt  of  dimethjl-dehydro-thio-tolaidino- 

salphonic  acid.    S.  and  J.  886. 
Direct  Cotton  31.  Primulin.    Sulphonated  product  of  the  interaction  of  sulphur  and 
Colour.  ^-toluidine.    S.  and  J.  386. 

NaJtwral  Colowring  Matters. 

Non-moxdant  Colours.  1.  Annatto.    Pulp  from  fruit  of  Biza  orellana. 

„  2.  Saflbx>n.    Stigmata  of  the  flower  of  Crocus  satiTus. 

„  3.  Turmeric.    Rhizome  of  Curcuma  tinctoria. 

Mordant  Colours.  1.  Young  Fustic  (Al.).    Wood  of  Rhus  cotinus. 
„  8.  Tesu  (Al.).    Flowers  of  Butea  frondosa. 

Notes. — Certain  of  the  nitro  colours  show  extreme  sensitiveness  to 
light  bj  rapidly  altering  in  hue.  During  the  first  '  period  of  exposure/  the 
rich  red-orange  colour  of  Aurantia,  for  example,  soon  changes  to  brown, 
and  the  pure  lemon-yellow  of  Picric  Acid  changes  to  orange-yellow ;  in 
both  cases  these  altered  colours  fade  slowly  without  any  furtiier  chajige 
in  hue,  and  might  almost  be  placed  among  the  '  moderately  fast  colours.' 
Brilliant  Yellow,  Martins  Yellow,  and  Naphthol  Yellow  S  behave  some- 
what like  Picric  Acid,  but  the  alteration  in  hue  is  much  less  pronounced. 
Thiazol  Yellow,  Mimosa  Yellow,  Thioflavin  T  and  S,  and  Primulin  all  fade 
rapidly  during  the  first '  period  of  exposure '  to  a  yellow-buff,  which  then 
appears  to  be  *  moderately  fast.' 

Class  II     Fugitive  Colours.    (Wool.) 

The  colours  of  this  class  show  very  marked  fading  at  the  end  of  the 
second  'fading  period '  (July  1  to  July  31,  1893),  and  after  a  year's 
exposure  they  have  entirely  faded,  or  only  a  tint  remains. 

Azo  Colours, 
Wod  Book  III. 

Acid  Colours.    1.  Orange  R.     From  xylidine-sulphonic  add  and  /9-naphthol.     & 
and  J.  81. 
„  6.  Orange  I.    From  ^-sulphanilic  acid  and  a-naphthol.    S.  and  J.  72. 

„  14.  Narceln.    Sodium  bisulphite  compound  of  Orange  IL    S.  and  J. 

103. 
n  35.  Phenoflavin.    From  m-sulphanilic  acid  and  diamido-phenol-sul- 

phonic  acid. 
Direct   Cotton  4.  Benzo  Orange  R.    From  benzidine,  salicylic  and  naphtbionic  acids. 
Colours.  S.  and  J.  173. 

„  6.  Salmon  Red.    Sodium  salt  of  diamido-diphenyl-urea-disaso-napb- 

thionio  acid.    S.  and  J.  143. 
H  6.  Toluylene  Orange  R.    From  o-tolidine  and  m-tolnylene-diamine- 

sulphonio  acid.    S.  and  J.  197. 
„  8.  CI  )th  Orange.    From  benzidine,  salicylic  acid,  and  resorcinol.    S. 

aLd  J.  170. 

Quinoline  Colov/rs. 

Add  Colours.  41   Quinoline  Yellow  8.     Sodium  salt  of  quino-thalone-disulphonic 
acid.    S.  and  J.  379. 
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Natural  Colouring  MaUers. 
Wod  Book  IV. 
Mordant  Colours.    1.  Tesu  (Or.). 

„  3.  Young  Fustic  (Cr.). 

„  15.  Anthxacine  (Cr.).    Composition  not  published. 

„  2.  Quercitron  Bark  (Al.).    Bark  of  Qnercus  nigra. 

„  3.  Old  Fustic  (Al.).    Wood  of  Moras  tinctoria. 

„  6.  Flavin  (Al.).    Quercetin  prepared  from  Quercitron  Bark. 

„  7.  Persian  Berries  (Al.\    Fruit  of  Ehamnus  sazatilis. 

M  2.  Persian  Berries  (Sn.). 

„  3.  Young  Fustic  (Sn.). 

„  4.  Flavin  (Sn.). 

„  6.  Quercitron  Bark  (Sn.). 

„  6.  Old  FusUc  (8n.). 

„  7.  Tesu  (Sn.). 

Notes. — ^The  fugitive  character  of  Nareem  as  compared  with  Orange 
n.,  of  which  it  is  merely  the  sodium  bisulphite  compound,  is  very  pro- 
nounced. The  bright  orange  of  Flavin  with  tin  mordant  changes  rapidly 
during  the  first  exposing  period  to  an  olive-yellow,  which  may  be  regarded 
as  <  moderately  i&kst.'  A  similar  change  is  noticed  in  the  case  of  Quercitron 
Bark  and  Old  Fustic  with  the  same  mordant,  the  ftuled  colour  of  the 
latter  being,  however,  very  dull. 

With  aluminium  and  tin  mordants  Anthracine  gives  bright  but  very 
fugitive  colours. 


Class  III.    Modbrately  Fast  Colours.    (Wool.) 

The  colours  of  this  class  show  distinct  fading  at  the  end  of  the  second 
period  (July  1  to  July  31,  1893),  which  becomes  more  pronounced  at  the 
end  of  the  third  period  (July  31  to  August  26,  1893).  A  pale  tint  re- 
mains at  the  end  of  the  fourth  '  period  of  exposure '  (August  26,  1893,  to 
February  19,  1894),  and  at  the  end  of  a  year's  exposure  the  colour  has 
entirely  faded,  or,  at  most,  mere  traces  of  colour  remain. 

Azo  Colours, 
Wool  Book  III. 
Acid  Colours.    3.  Orange  GT.    From  toluidine  and  /9-naphthol-mono-Bulphonic  acid  8. 

8.  and  J.  41. 
„  4.  ^Mandarin  GR.  extra.    From  i^toluidine-mono-sulphonic  acid  and 

/3-naphthol.    S.  and  J.  78. 
„  6.  *Orange  U.    From  ^sulphanUic  acid  and  /3-naphthol.    S.  and 

J.  73. 
,,  7.  ^Orange  III.     From  «i-nltraniline  and  /3-naphthol-disnlphonio 

acid  R.    S.  and  J.  33. 
„  10.  Dimethylaniline  Orange.     From^-sulphanilic  acid  and  dimethyl- 

aniline.    S.  and  J.  74. 
„  11.  ^Diphenylamine  Orange.    From  ^-sulphanilic  acid  and  diphenyl- 

amlne.    S.  and  J.  75. 
,,  12.  TropaK>lin  Y.    From  j?-sulphanilic  acid  and  phenol.    8.  and  J.  70. 

„  15.  ^Metanil  Yellow.    From  ni-sulphanilic  acid  and  diphenylamine. 

8.  and  J.  77. 
„  16.  Besorcinol  Yellow.    From  |7-8ulphanilio  acid  and  resorcinol.    8. 

and  J.  71. 
„  18.  *Add  Yellow  00.    Constitution  not  published. 

„  19.  ^Fast    Yellow    N.      From    j^-toluidine-^-sulpbonic    acid    and 

diphenylamine.    S.  and  J.  79. 


1894. 
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Wool  Book  IIL 

Acid  Coloars.  28.  *Ciircamein.     Nitro  derivative  of    Diphenylamino  Orange.    8. 
and  J.  101. 
„  29.  *Azoflavin  S.    Same  as  Corcamein,  bat  more  highlj  nitrated. 

S.  and  J.  102. 

„  44.  * Bromine  derivative  of  Metanil  Yellow. 

,,  45.  Persian  Yellow  (6).    Constitution  not  published. 

Direct  Cotton  2.  Salmon  Red.    Constitution  not  published. 

Colours.        3.  Congo  Orange  R.    From  tolidine,   iS-naphthylamine-disTilphonic 
acid  R  and  phenol  (ethylated).    S.  and  J.  202. 
„  7.  Congo  Orange  G.    From  benzidine,  /B-naphthjlamine-disulphonic 

acid  R  and  phenol  (ethylated). 
„  10.  Toluylene    Orange   O.     From    tolidine,  o-cresotinic  acid,  and 

m-toluylene-diamine-sulphonic  acid.    S.  and  J.  196. 
„  23.  Carbazol  Yellow.     From  diamido  -  carbazol  and  salicylic  acid. 

S.  and  J.  181. 
„  24.  ^Cotton  Yellow  G.    Sodium  salt  of  diamido-diphenjl-urea-disaxo- 

salicylio  acid.    S.  and  J.  144. 
Wool  Book  IV. 
Mordant  Colour.  24.  Mordant  Yellow  (Cr.).    Constitution  not  published. 

Triphenylmethan  Colours. 
Wool  Book  III. 

Acid  Colours.  33.  Aurotin.     Sodium  salt  of  tetra-nitro-phenol-phthalein.     S.  and 
J.  314. 

NaJturol  Colouring  Matters, 
Wool  Book  IV. 
Mordant  Coloars.  5.  Weld  (Al.).    Reseda  luteola  (whole  plant). 

Notes. — The  following  colours  become  somewhat  duller  and  apparently 
darker  during  the  first  and  second  periods  of  exposure  : — Diphenylamine 
Orange,  Metanil  Yellow,  Fast  Yellow  N,  Azo-flavin  S,  Acid  Yellow  OO, 
and  Aurotin.  This  appearance  is  only  observed  when  the  patterns  are 
examined  '  underhand,'  i.e,  by  looking  down  into  the  fabric  ;  when  they 
are  examined  'overhand/  i,e,  by  glancing  along  the  surface,  a  normal 
fading  of  the  colours  is  observed.  This  darkening  is  probably  due  to  the 
presence  of  the  diphenylamine  group  in  the  first  four  colours  mentioned, 
and  to  the  presence  of  the  nitro  group  in  the  case  of  Aurotin,  of  which 
the  alteration  in  hue  reminds  one  of  the  change  occurring  in  Ficric  Acid 
Yellow,  though  it  is  less  pronounced. 

Mordant  Yellow  with  aluminium  and  tin  mordants  gives  colours  which 
may  well  be  classed  with  the  fast  colours. 

Class  IV.    Fast  Colours.    (Wool.) 

The  colours  of  this  class  show  comparatively  little  fading  during  the 
first,  second,  and  third  periods.  At  the  end  of  the  fourth  '  period  of  ex> 
posure '  a  pale  shade  remains,  which  at  the  end  of  the  year's  exposure  still 
leaves  a  pale  tint. 

Nitro  Colours. 
Wool  Book  III. 

Acid  Colours.    3.  ^Palatine  Orange.     Ammonium  salt  of  tetra-nitro  -  y  -  dlphenol. 
8.  and  J.  8. 

Ifydrazone  Colours. 

Acid  ColouiB.  36.  Tartrazin.      Sodium  salt   of   diphenyl-^-snlphonio-acid-osaione- 
diozytartaric  add.    S.  and  J.  19. 
39.  Nitrazin    Yellow.      Sodium   salt   of   dinitro-dizylyl-^sulphonic 
acid-osasone-diozytartaric  acid. 
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Azo  Colours. 
Wool  Book  m. 

Acid  Goloars.  23.  *Acid  Yellow.     Sodium  salt   of   amido-azo-benzene-disalpbonic 
acid.    S.  and  J.  21. 
9»  24.  *Fa8t  Yellow.    Sodium  salt  of  amido-azo-toluene-disulphonic  acid. 

S.  and  J.  22. 
9,  26.  Brilliant  Yellow  S.    Sulphonated  Diphenylamine  Orange.    8.  and 

J.  76. 
31.  ^Milling  Yellow  00.    C!on8titation  not  published. 
„  34.  ^Milling  Yellow,     From  /9-naphthylamine-a-8nlphonio  add  and 

salicylic  acid. 
Direct  Cotton  11.  Titan  Yellow  R.     From  thlo^-toluidine-sulphonio  acid.     (Con- 
Colours,  stitution  not  published.) 

„  12.  Chrysamin  R.    From  o-tolidine  and  salicylic  acid.    S.  and  J.  195. 

„  18.  Ciesotin  Yellow  R.    From  o-tolidine  and  />-cresol-carbozylic  acid. 

„  16.  Chiysophenin.    Ethylated  Brilliant  Yellow  from  diamido-stilbene- 

disulphonic  acid.    S.  and  J.  156. 
„  17.  Cresotin  Yellow  G.    From  benzidine  and  0-cresol-carbosylic  add. 

„  19.  Diamine  Yellow  N.    From  ethoxy-benzidine,  phenol,  and  salicylic 

acid  (ethylated).    S.  and  J.  204. 
„  21.  Chrysamin  G.    From  benzidine  and  salicylic  acid.    S.  and  J.  166. 

„  22.  *Oriol  Yellow.    From  dehydro-thio-^-toluidine-sulphonic  acid  and 

salicylic  add.    S.  and  J.  99. 
„  38.  Titan  Yellow  Y.     From  thio-^'-toluidine-sulphonic  acid.     (Con- 

stitution not  published.) 
Wool  Book  lY. 
Morduit  Colours.  12.  Chrome  Orange  (Cr.).     Constitution  not  published. 

„  13.  Yellow  for  wool  A  F  (Cr.).     Constitution  not  published. 

„  20.  Chrome  Yellow  (Cr.).    Constitution  not  published. 

Oxyketone  Colours, 

Mordant  Colours.  25.  Galloflavin  (Cr.).    Oxidation  product  of  gallic  acid.    S.  and  J. 
242. 
,,  26.  Alizarin  Yellow  A  (Cr.).  Tri-oxy-benzophenone.  S.  and  J.  237. 

Natural  Colouring  Matters, 

Mordant  Colours.  2.  Persian  Berries  (Cr.). 
8.  Weld  (Sn.). 

Notes. — In  Palatine  Orange  we  meet  with  the  first  example  of  a  colour 
£ast  to  light,  the  manu&cture  of  which  has  already  been  abandoned ; 
possibly  some  difficulty  or  expense  connected  with  its  nmnufaoture  may 
account  for  this  circumstance. 

Yellow  for  wool  AF,  applied  with  aluminium  mordant,  is  very  fugi- 
tive, while  (}hrome  Orange  seems  quite  as  fast  as  with  chromium.  Chrome 
Yellow  with  aluminium  mordant  may  be  classed  as  a  '  moderately ^fast ' 
colour. 

Galloflavin  with  aluminium  and  tin  mordants  gives  fugitive  colours, 
more  especially  with  aluminium. 


Class  V.    Ybby  Fast  Colours. 

The  colours  of  this  class  show  a  very  gradual  fading  during  the  dif- 
ferent periods,  and  even  after  a  year's  exposure  a  moderately  good  colour 
remains. 

B2 
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Wool  Book  III. 

Direct  Cotton 

Colours. 


20,  Carcomin  S. 

S.  andJ.  16. 
33.  Mikado  Orange  3  BO. 
35.  Mikado  Orange  GO. 


Azoxy  Colours. 
Sodium  salt  of  azozj-stilbene-disolphonic  acid. 


Constitution  not  published.    8.  and  J.  18. 
Constitution  not  published.    S.  and- J.  18. 


Azo  Colours, 

Acid  Colours.  13.  Orange  GO.    From  aniline  and  /9-naphthol-disulphonic  acid  G. 

S.  and  J.  28. 
Wool  Book  IV. 

Mordant  Colours.  10.  *Alizarin  Yellow  B  (Cr.).  From  ^-nitraniline  and  salicylic  acid. 
S.  and  J.  36. 
„  17.  •Anthracene  Yellow  C  (Cr.).    Constitution  not  published. 

„  18.  •Diamond  Yellow  B  (Cr.).    From  o-amido-benzoic  acid  and 

salicylic  add.    S.  and  J.  231. 
„  19.  ♦Alizarin  Yellow  GGW.  (Cr.).  From  «i-nitraniline  and  salicylic 

acid.     8.  and  J.  34. 
„  21.  ♦Gambine  Yellow  (Cr.).    Constitution  not  published. 

„  22.  **  Diamond  Yellow  G  (Cr.).    From  m-amido-benzo¥c  add  and 

salicylic  acid.    S.  and  J.  230. 
„  23.  *Flavazol  (Cr.).    From  »-toluidine  and  salicylic  acid. 

14.  Brilliant  Yellow.    From  diamido-stilbene-disulphonic  acid  and 
phenol.    8.  and  J.  149. 

15.  Hessian  Yellow.    From  diamido-stilbene-disulphonic  acid  and 
salicylic  acid.    8.  and  J.  154. 

37.  Chloramine  Yellow.     Oxyphenin. 


Direct  Cotton 
Colours. 


Oxyketone  Colours, 
Mordant  O>lours.  9.  *Alizarin  Orange  W  (Cr.)  (Al.).  iB-nitro- alizarin.    S.  and  J.  261. 


Natural  Colouring  Matters. 

Mordant  Colours.  4.  •Flavin  (Or.). 

„  6.  •Quercitron  Bark  (Cr.). 

7.  ♦Weld  (Cr.). 
„  8.  •Old  Fustic  (Cr.). 

„  16.  •Xanthaurin  (Cr.).     Composition  not  published. 

Notes.— The  brownish-red  given  by  Alizarin  Orange  W  with  chro- 
mium mordant  becomes,  during  the  first '  fading  period/  distinctly  bluer  in 
shade,  and  hence  apparently  darker ;  the  altered  colour  then  fades  so 
slowly  that  even  after  a  year's  exposure  the  faded  colour  appears  almost 
.^U3  dark  as  the  original. 

The  azo  colours  in  this  class  which  have  been  dyed  on  chromium  mor- 
danted wool  leave,  at  the  end  of  a  year's  exposure,  faded  colours  of  greater 
body  and  fulness  than  those  applied  without  mordant ;  this  is  no  doubt 
due  to  the  inferior  fastness  of  the  latter,  the  faded  colours  of  which  are 
covered  with  a  thin  layer  of  perfectly  bleached  fibres. 

All  the  artificial  azo-mordant-colours  in  this  class  were  fixed  with 
aluminium  as  well  as  chromium  mordant,  and  found  to  be  equally  fast  to 
light.  They  were  also  applied  with  a  tin  mordant,  but  only  in  a  few  cases 
were  satisfactory  level  colours  thus  obtained,  and  these  seemed  to  be  inferior 
to  those  applied  with  an  aluminium  mordant,  in  point  of  brilliancy  as  well 
as  of  fastness  to  light. 
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Silk  Patterns. 

Most  of  the  foregoing  colours  were  also  dyed  on  silk,  and  the  patterns 
were  exposed  to  light  along  with  those  on  wool.  The  relative  fastness  of  the 
varioufl  coloars  was,  for  the  most  part^  the  same  as  on  wool,  the  differencer 
observed  being  too  unimportant  to  necessitate  a  special  classification  foi 
silk.  In  Class  IV.,  Yellow  for  wool  A  F  (Cr.)  proved  to  be  much  more 
fugitive  on  silk,  whereas  Chrjsamin  R  and  G,  Titan  Yellow  B  and  Y, 
Oriol,  Cresotin  Yellow  B  and  G,  and  Chrysophenin  appeared  to  be 
somewhat  faster.  In  Class  III.  the  same  remark  applies  to  Cotton 
YeUow  G. 

The  Indian  dye-stuff  Kamdla  was  an  additional  one  applied  to  silk,  and 
found  to  belong  to  the  fugitive  class,  being  very  little  faster  than  Annatto. 

General  Observations. 

The  first  thing  which  strikes  one  when  examining  these  orange  and 
yellow  patterns  is  the  comparatively  large  number  of  satisfactorily  per- 
manent colours. 

In  the  more  or  less  fugitive  class  are  to  be  found  all  the  basic  colours; 
all  the  nitro-phenols,  with  the  exception  of  Palatine  Orange,  and  all  the 
bright  yellows  derived  from  the  natural  colouring  matters  by  means  of 
aluminium  and  tin  moi-dants,  with  the  exception  of  those  obtained  from 
Weld.     Comparatively  few  azo  colours  are  met  with  in  this  group. 

The  marked  alteration  in  colour  from  yellow  to  orange  shown  in  the 
case  of  Picric  Acid  has  long  been  known,  and  is  ascribed  to  a  reducing 
action  of  the  light.  The  equally  striking  change  from  orange  to  brown, 
shown  by  Aurantia,  does  not,  however,  seem  to  have  b6en  previously 
recorded. 

By  far  the  largest  number  of  yellows,  ranging  from  *  moderately  fast ' 
to  ^  very  fast,'  are  to  be  found  among  the  azo  colours.  Specially  important 
are  those  in  which  salicylic  acid  is  a  constituent  element,  since  not  only  does 
this  impart  to  the  colour  the  power  of  forming  more  or  less  stable  lakes  with 
chromium  and  aluminium  mordants,  but  it  appears  frequently  to  give  the 
colours  the  quality  of  fastness  to  light,  even  when  no  mordant  is  applied. 
It  is  a  fact  of  some  importance  that  the  colours  obtained  with  aluminium 
are  practically  as  fast  as  those  fixed  with  chromium,  since  the  first-named 
mordant  gives  much  brighter  and  purer  yellows.  The  tin  mordant,  so  useful 
in  the  production  of  the  most  brilliant  orange  and  yellow  colours  obtainable 
from  the  natural  colouring  matters,  seems,  however,  to  be  of  little  or  no 
advantage  in  connection  with  most  of  these  azo-mordant-colours,  no  doubt 
because  they  are  susceptible  to  the  reducing  action  of  the  mordant  usually 
employed  for  wool — viz.  stannous  chloride. 

Very  interesting  in  point  of  fastness  to  light  are  the  azoxy  colours,  and 
although  unfortunately  apt  to  dye  wool  somewhat  irregularly,  giving 
speckled-looking  colours,  they  are  admirably  adapted  for  silk  and 
cotton. 

Another  interesting  little  group  is  that  which  includes  Tartrazin,  a 
colour  not  only  noteworthy  for  its  fastness  to  light,  but  also  because  of  its 
brilliancy  and  purity. 

The  fastness  of  Alizarin  Orange  is  worthy  of  special  mention,  for  it  b 
probably  greater  even  than  that  exhibited  by  most  other  colours  of  the 
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Alizarin  group,  ancl  it  shows  the  peculiar  darkening  action  exerted  by  the 
light,  probably  in  consequence  of  the  presence  of  the  nitro  group. 

It  is  remarkable  how  few  really  fast  yellows  are  derived  from  the 
natural  colouring  matters,  and  these  are  chiefly  the  olive-yellows  obtained 
with  chromium  mordant.  The  only  fast,  and  at  the  same  time  bright, 
natural  yellows  are  those  derived  &om  Weld,  and  since  this  dye-stuff  is 
now  of  little  general  importance  to  the  dyer  its  cultivation  has  become 
extremely,  limited,  and  is  gradually  being  given  up  ;  it  is  fortunate,  there- 
fore, that  science  has  been  able  to  replace  it  by  efficient  substitutes,  so  far, 
at  least,  as  permanency  towards  light  is  concerned. 

Our  experiments  have  already  abundantly  proved  that  the  popular 
opinion  that  the  coal  tar  dye-stuffs  include  only  such  as  yield  more  or  less 
fugitive  colours  is  entirely  false  ;  indeed,  it  is  perfectly  safe  to  assert  that 
coal-tar  is  the  source  from  which  the  greatest  number  of  colours  fast  to 
light  are  derived  at  the  present  time,  and  this  seems  to  be  specially  true  of 
the  red  and  yellow  colours. 


Bibliography  of  Solution. — Interim  Report  of  the  Committee,  consisting 
of  Professor  W.  A.  Tilden  (Chairman),  Dr.  W.  W.  J.  NicOL 
(Secretary),  Professor  H.  McLeod,  Mr.  S.  U.  Pickering,  Professor 
W.  Ramsay,  and  Professor  Sydney  Young. 

The  Committee  have  collected  the  titles  of  all  papers  on  solution  published 
before  1874  in  the  journals  catalogued  by  the  Royal  Society,  the  arrange- 
ment and  classification  of  these  are  well  advanced,  and  the  Committee  hope 
that  this  portion  of  the  work  will  be  completed  and  ready  for  publication 
at  the  next  meeting  of  the  Association. 


Proximate  Chemical  Constituents  of  Coal, — Interim  Report  of  the 
CoTrvmittee^  consisting  of  Sir  I.  Lowthian  Bell  (Chairman),  Pro- 
fessor P.  Phillips  Bedson  (Secretary),  Mr.  Ludwig  Mond,  Professor 
Vivian  B.  Lewes,  Professor  E.  Hull,  Mr.  J.  W.  Thomas,  and 
Mr.  H.  Bauerman. 

Of  the  proximate  constituents  of  the  organic  material  forming  coal  our 
knowledge  is  limited  to  the  demonstrated  existence  in  it  of  certain  gaseous 
hydrocarbons  which  have  been  extracted  under  conditions  such  as  to  lead  to 
the  belief  that  these  gases  exist  occluded  or  enclosed  in  the  coal  itself. 
Further,  certain  mineral  substances  (containing  carbon,  hydrogen,  and 
oxygen)  of  a  more  or  less  defined  character  have  been  met  with  from  time 
to  time  in  association  with  coal,  and  also  some  few  solid  hydrocarbons. 

The  literature  bearing  upon  this  subject  is  extremely  meagre,  but  it 
appears  that  the  action  of  some  solvents  on  coal  has  formed  the  subject  of 
investigation  by  several  chemists.  Ether,  alcohol,  petroleum  ether,  benzene, 
and  phenol  have  been  used  as  solvents  by  different  observers.  The  last 
named  was  found  by  Guignet  to  dissolve  from  2  to  4  per  cent,  of  a  brown 
amorphous  solid  from  a  fat  coal.  Guignet  has  also  observed  that,  by  the 
action  of  nitric  acid  on  coal,  oxalic  acid  and  trinitro-resorcinol  are  produced  ; 
further,  there  are  formed  insoluble  substances,  apparently  similar  to  *  nitro- 
oellulose^'  which  explode  on  heating. 
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For  the  purposes  of  a  preliminary  study  a  coal  representing  the  Hutton 
seam  in  the  county  of  Durham  was  selected.  This  coal  is  a  bituminous 
coal,  and  is  used  as  a  gas  coal.  When  heated  with  ether  it  yields  up  to 
the  solvent  a  small  amount  of  a  substance  which  imparts  a  light  yellow 
colour  to  the  ether,  and  a  Hue  fluorescence  is  observed,  similar  to  that 
noted  by  Dondorff  in  his  experiments  with  a  gas  coal  of  the  Westphalia 
Ck>alfield.  Alcohol,  benzene,  and  petroleum  ether  dissolve  but  little  from 
the  coal,  the  solutions  being  in  each  case  similar  to  that  obtained  with 
ether. 

Acetic  anhydride  and  glacial  acetic  acid  were  employed  as  solvents 
with  but  little  effect.  Somewhat  more  promising  at  first  were  the  results 
obtained  by  using  a  solution  of  sulphur  dioxide  in  glacial  acetic  acid. 
The  coal  was  heated  at  100'^  C.  with  this  solution  in  tightly  closed 
flasks.  The  liquid  becomes  dark  in  colour,  and  on  adding  water  to  the 
solution  a  light  yellow  precipitate  is  formed.  The  precipitate  is  dissolved 
by  ether,  and  the  ethereal  solution  on  evaporation  leaves  an  oily  residue, 
which  was  found  to  be  partially  volatile  in  steam. 

Turpentine  heated  at  150°  C.  in  a  tightly  closed  flask  with  the 
powdered  coal  dissolves  some  constituent,  becoming  darker  in  colour  and 
acquiring  a  greenish-blue  fluorescence. 

When  the  coal  is  heated  with  aniline  a  brown  amorphous  solid  is 
dissolved  out^  which  is  precipitated  from  the  aniline  on  acidifying  with 
hydrochloric  acid.  This  substance  is  not  unlike  that  obtained  by  Guignet 
by  treatment  of  coal  with  phenol.  It  was  attempted  to  separate  this 
solid  into  several  fractions  by  treatment  with  alcohol  and  benzene. 
The  alcoholic  and  benzene  solutions,  however,  left  merely  resinous  sub- 
stances on  evaporation.  Dilute  solutions  of  potassium  permanganate 
oxidise  this  solid,  forming  dark  brown  solutions  containing  potassium 
carbonate  and  the  potassium  salts  of  organic  acids.  The  quantity  of 
material  being  small,  it  was  next  decided  to  treat  the  coal  itself  with 
potassium  permanganate.  For  this  purpose  finely  powdered  coal  is  sus- 
pended in  water,  to  which,  when  boiling,  potassium  permanganate  is  added 
in  small  quantities  at  a  time.  The  colour  of  the  permanganate  gradually 
disappears,  and  an  odour  resembling  that  of  turpentine  is  observed  ;  at  the 
same  time  a  dark  brown  alkaline  liquid  is  formed. 

The  amount  of  permanganate  which  is  thus  reduced  by  the  coal  is 
considerable  :  in  one  case  where  500  grams  of  coal  were  taken,  some  1,600 
grams  of  permanganate  were  employed  without  exhausting  the  reducing 
power  of  the  coal,  of  which  some  25  to  30  per  cent,  had  been  oxidised  in 
this  manner. 

The  aqueous  solution  decanted  off  from  the  manganese  dioxide  and 
coal  is  very  dark  in  colour,  becoming  almost  black  when  concentrated. 

Amongst  the  acids  formed  in  this  way,  oxalic  acid  has  been  found, 
together  with  some  deliquescent  acids,  which  on  the  evaporation  of  their 
aqueous  solutions  are  left  as  brown  resinous  masses.  The  separation  of 
these  products  is  still  incomplete,  and  it  would  be  futile  to  give  the  results 
of  the  analyses  of  the  salts  which  have  been  prepared.  The  barium  salts 
appear  to  afford  a  means  of  separating  the  acids,  some  of  which  salts  have 
been  already  obtained  in  a  fairly  pure  condition.  The  account  of  these 
acids  and  the  study  of  the  action  of  potassium  permanganate  on  other 
coals  it  is  proposed  to  deal  with  in  a  subsequent  report. 
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Wave4mgth  Tables  of  the  Spectra  of  the  Elements  and  Compounds^ 
— Report  of  the  Committeey  consisting  of  Sir  H.  E.  RoscoE,  Dr. 
Marshall  Watts,  Mr.  J.  N.  Lockybr,  Professors  J.  Dewar, 
G.  D.  LiVEiNO,  A.  Schuster,  W.  N.  Hartley,  and  Wolcott 
Gibes,  and  Captain  Abney.     (Brawn  up  by  Dr.  Watts.) 

Chromium  (Arc  Spbctrum). 

Hasselbeig:  •  KoDgl.  Svenska  Vetenskaps-Akadem.  Handl./  Bd.  26,  No.  6, 1894- 

•  Coincident  with  a  solar  line.  1  See  Calcium. 

t  See  Iron.  §  See  Nickel. 

Rowland's  Normal  solar  lines  (on  which  these  measoiements  of  the  ChrominiD 
lines  rest)  are  given  at  the  foot  of  page  266. 
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21798-0 

♦4669-50 

3 

»f 

11 

21409-7 

4685-23 

1-6 

11 

21803-2 

4667-36 

2 

II 

l» 

21419-6 

4586-08 

1-6 

21803-9 

♦4666-67 

4 

»♦ 

fl 

21422-7 

4684-25 

15 

fl 

21807-8 

♦4666-36 

3 

♦» 

It 

214241 

4584-02 

1-5 

fl 

21808-9 

♦4666-07 

3 

}f 

»> 

21426-4 

458122 

1-6 

21822-2 

♦4664-94 

4 

•1 

11 

21430-6 

♦4580-22 

6 

l'j!6 

21827-0 

♦4663-98 

4 

»i 

11 

214360 

4678-66 

1-6 

21835-0 

♦4663-47 

4 

II 

fl 

21437-4 

4675-26 

2 

21860-7 

4657-00 

1-6 

»• 

11 

214671 

♦4674-63 

1 

21853-7 

♦4656-61 

1-6 

II 

II 

21468-9 

♦4571-85 

4 

21867-0 

♦4666-34 

2 

i» 

11 

21470-2 

♦4671-27 

1-5 

11 

21869-8 

4664-90 

3 

If 

.1 

21476-8 

♦4569-76 

6 

If 

21877-0 

♦4654-24 

2n 

1-27 

11 

21479-9 

♦4565-71 

4 

21896-4 

♦4662-31 

7 

1) 

fl 

21488-8 

♦4664-36 

2 

6-1 

21902-8 

♦4661-44 

7 

•1 

11 

21492-8 

4663-82 

3 

21905-4 

♦4649-58 

3 

»> 

II 

21601-4 

♦4663-43 

1-6 

21907-2 

♦464904 

3 

fi 

>1 

21603-9 

♦4558-81 

2 

21929-4 

4648-27 

2 

11 

11 

21507-5 

♦4566-32 

3 

^ 

21941-4 

♦4648-00 

1-5 

11 

tl 

21608-7 

4665-46 

1-5 

21945-6 

♦4646-96 

1-6 

11 

tl 

21513-6 

4564-98 

2 

tl 

21947-9 

♦4646-33 

7 

i> 

II 

21516-5 

465410 

1-6 

21962*1 

4642-21 

1-6 

II 

fl 

21536-6 

♦454616 

6 

" 

21990-6 

♦4639-86 

1-6 

11 

11 

21646-5 

♦4646-51 

3 

21993-6 

♦4639-69 

2 

»♦ 

II 

21647-3 

♦4544-77 

6 

" 

21997-2 

«4637-92 
♦4637-36 

3 
3 

II 

II 
»l 

21656-6 
215681 

♦464399 
♦4642-83 

1-5 
2 

11 

1-24 

•1 

22001*0 
22006-6 

♦4634-23 

1-5 

II 

6-0 

21572-6 

♦4641-70 

2 

22012-1 

♦4633-46 

2 

1* 

fl 

21676-2 

♦4641-25 

3 

22014*3 

♦4632-32 

2 

11 

•t 

21681-5 

♦4640-90 

6 

22016-0 

♦4627-83 

1 

It 

i» 

21602-4 

♦4540-70 

6 

22016-9 

♦4626-31 

6 

If 

It 

21609-5 

♦4639-96 

4 

Iff 

•» 

22020iS 
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Rednclion 

nu..  1 

Reduction 

S  ^a 

Wave- 

lODgth 

Intensity 
and 

to  Vacuum 

Oscillatioi 
Freqnenc; 
in  Vacuc 

Wave- 
length 

Intenaity 
and 

to  Vacuum 

9  «  S 

1 
\ 

(Rowland) 

Character 

X  + 

1_ 

(Rowland) 

Character 

\  + 

1^.2 

*4536-95 

6 

1-21 

6-1 

220600 

t4422-84 

1-5 

1-21 

63 

22603-6 

•4535-36 

3 

tt 

tt 

22052-9 

4421-12 

I 

»t 

tt 

22612-4 

♦4630-92 

6 

22064-5 

♦4419-26 

1 

tt 

It 

22621-9 

4630-04 

3 

tt 

22068*8 

♦441400 

2 

tt 

tt 

22648-9 

♦4527-65 

3 

t( 

tt 

22080-4 

♦4412-42 

2 

tt 

tt 

22657-0 

♦4527-53 

4 

220810 

♦4411-26 

2 

tt 

It 

22663-0 

♦4526-65 

6 

^^ 

22085-3 

4411-16 

1-6 

tt 

tt 

22663-5 

♦4526-26 

3 

22087-2 

♦4410-47 

2 

t9 

tt 

22667-0 

452501 

2 

tt 

tt 

22093-3 

4406-46 

1 

It 

tt 

22687-7 

4522-18 

1-5 

221071 

*4403-68 

2 

tt 

tt 

227020 

4521-30 

3 

It 

22111-4 

♦4408-55 

2 

tt 

It 

22702-6 

4515-60 

3 

^ 

22139-4 

♦4399-97 

1-5 

tt 

Iff 

227211 

♦4514-64 

3 

22144-1 

♦4397-40 

2 

tt 

It 

22734-4 

♦4512-05 

4 

It 

It 

22156-8 

4396-68 

1-6 

>t 

It 

22743-8 

♦4507-00 

3 

22181-6 

♦4895  00 

In 

tt 

It 

22746-8 

♦4501-92 

2 

1-23 

tt 

22206-6 

♦4393-66 

1-5 

1-20 

•I 

22763-8 

♦4501-24 

3 

^^ 

222100 

♦4392-41 

1 

t> 

t» 

22760-2 

♦4500-42 

3 

tt 

222140 

♦4891-90 

3 

11 

ti 

22762-9 

♦4498-87 

3 

22221-7 

4387-64 

3 

tt 

It 

22785-0 

♦4497-02 

6 

6-2 

22230-8 

4387-54 

1-5 

tt 

It 

22785-5 

4495-42 

1-5  . 

^ 

J 

22238-7 

*438511 

6 

tt 

tt 

22798-2 

♦4492-45 

3 

22253-4 

438304 

1-6 

tt 

It 

22808-9 

♦4491-99 

1-5 

ti 

tt 

22255-6 

♦4381-26 

2 

»» 

tt 

22818-2 

♦4491-81 

2n 

22256-6 

♦438073 

1 

tt 

tt 

22820-9 

♦4490-70 

l-5n 

tt 

22262-0 

♦4379-93 

1-6 

tt 

It 

228251 

♦4489-60 

2 

^^ 

22267-5 

♦4377-78 

1-6 

ti 

tt 

22836-6 

4488-18 

2 

tt 

22274-6 

t^4376-95 
♦4376-52 

2 

tt 

It 

22840-7 

♦4483-01 

2 

22300-2 

3 

tt 

II 

22848-1 

4481-57 

1-5 

tt 

22307-4 

♦4374-34 

4 

tt 

t* 

22854-3 

♦4480-40 

1-6 

tt 

tt 

22313-2 

4373-83 

1-5 

tt 

It 

22857-0 

t^4475-47 

2ii 

tt 

22337-8 

♦4373-41 

4 

tt 

It 

22859-2 

4473-91 

1-5 

tt 

22345-6 

♦4371-44 

6 

ft 

»t 

22869-5 

♦4467-72 

1-5 

1-22 

22376-6 

§♦4368-42 

1-5 

>t 

6-4 

22885-2 

4466-33 

1-5 

tt 

22383-5 

♦4363-25 

3 

tt 

tf 

229123 

♦4465-54 

2 

22387-5 

4360-17 

1-5 

t> 

tt 

229285 

♦4466-31 

1 

tt 

22388-7 

♦4359-78 

6 

tt 

11 

22930-5 

4465-08 

2 

tt 

tt 

22389-8 

♦4358-86 

1 

*t 

tt 

22935-4 

t^4464-84 

1-5 

tt 

223910 

•4357-70 

,1-5 

»t 

II 

22941-5 

4462-98 

1-5 

tt 

tt 

22400-3 

♦4356-91 

1-5 

1-19 

I* 

22945-6 

♦4460-96 

1-5 

22410-6 

♦4351-91 

8 

tt 

It 

229720 

♦4459-95 

3 

tt 

tt 

22415-6 

♦4351-20 

6 

tt 

It 

22975-8 

♦4469-56 

1-5 

22417-5 

♦4347-00 

3 

t> 

II 

229980 

♦4458-75 

3 

tt 

tt 

22421-6 

♦4344-66 

7 

It 

II 

23010-4 

♦4443-90 

1-6 

tt 

tt 

22496-6 

4343-31J 

1-5 

tt 

11 

23017-5 

4442-43 

1-6 

tt 

tt 

225040 

♦4340  26 

3 

tt 

II 

230337 

4432-93 

1 

tt 

tt 

22652-2 

♦4339-85 

6 

tt 

It 

23035-9 

♦4432-30 

3ii 

tt 

22555-4 

♦4339-60 

6 

91 

It 

23037-2 

4430-59 

2 

1-21 

6-3 

225641 

♦4338-95 

1-5 

tt 

tt 

23040-7 

443007 

1-5 

ti 

It 

22666-7 

♦4338-56 

1-6 

n 

It 

23042-7 

♦4428-71 

2 

tt 

tt 

22673-6 

♦4337-70 

3 

u 

It 

23047-3 

4427-85 

1 

22678-0 

♦4337-38 

2 

n 

It 

230490 

♦4425-27 

1 

ft 

It 

22691-2 

♦4332-76 

1-5 

n 

It 

23073-6 

♦4424-40 

3 

226956 

4326-24 

1-6 

tt 

It 

23113-7 

•4424-20 

1-5 

tt 

22696-7 

♦4328-70 

2 

tt 

It 

231219 

4423-46 

1-6 

>• 

»» 

22600-4 

♦4321-80 

2 

tt 

II 

231321 
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Chromium 

(Abo  8PK0TRXTM)-«wei«ttfli. 

Reduction 

O  >^a 

Reduction 

a.    1 

Wave- 

Intensity 

and 
Character 

to  Vacuum 

-S  £a 

Wave- 

Intensity 

to  Vacuum 

OsciUatioi 
Fitqucnc; 
in  Vocuo 

length 
(Rowland) 

1-19 

1 
\ 

ll-= 

length 
(Rowland) 

and 
Character 

\  + 

1_ 

4321-44 

1-5 

6-4 

23134-0 

♦420705 

1-6 

116 

6-6 

237630 

♦4320-76 

1-6 

i» 

11 

23137-7 

♦4204-61 

2 

1-16 

ft 

23776-8 

♦4319-82 

2 

»t 

It 

23142-7 

♦4204-37 

1-6 

19 

99 

23778-2 

♦431266 

1-6 

1-18 

ft 

23181-2 

♦4203-71 

3 

tf 

II 

23781-9 

♦4307-65 

1-6 

i» 

6-6 

232080 

♦4200-27 

2 

6-7 

238013 

t^4306-61 

2 

•> 

If 

23219-0 

4198-65 

3 

1} 

99 

23810-5 

♦4302-96 

1-6 

>i 

tt 

23233-4 

♦4197-38 

2 

23817-7 

♦4301-33 

2 

»i 

ft 

232421 

419509 

2 

tt 

23830-7 

♦4300-68 

2 

If 

ft 

232466 

4193-80 

2 

tt 

99 

23838-0 

4299-87 

2 

*i 

ft 

23260-0 

4192-25 

28 

99 

23846-8 

♦4297-91 

3 

ft 

tt 

23260-6 

4191-90 

1-6 

It 

9t 

23848-8 

4297-21 

2 

»> 

If 

23264-4 

♦4191-41 

2 

19 

9« 

23851-6 

♦4296-81 

1 

»t 

ff 

23266-6 

♦4190-32 

2 

t* 

99 

23857-8 

♦4296-47 

1 

»> 

It 

23268-4 

♦4186-50 

1.6 

23879-6 

♦4295-92 

3 

i» 

tt 

23271-4 

♦4185-60 

1-5 

tf 

23885-3 

♦4293-73 

2 

i» 

It 

232833 

♦4179-37 

3 

^^ 

23920-4 

♦4292-14 

2 

n 

If 

23291-9 

♦417609 

2 

9t 

23939-1 

♦4289-87 

lOnr 

>i 

ft 

23304-2 

4175-34 

1-6 

tl 

19 

23943-4 

♦4284-99 

1-6 

i» 

tf 

23330-8 

♦4174-98 

3 

23946-6 

§♦4284-84 

1-5 

»i 

It 

23331-6 

t^4172-88 

2 

tt 

23967-6 

♦4280-63 

3 

1-17 

tt 

23355-1 

♦4171-81 

2 

99 

23963-7 

♦4274-91 

lOnr 

»» 

ft 

23385-8 

4170-31 

2 

99 

99 

23972-3 

♦427304 

2 

19 

If 

23396-0 

4169-94 

2 

II 

99 

23974-6 

4271-18 

2 

n 

It 

23406-2 

416567 

8 

114 

239990 

♦427008 

1-6 

tt 

>t 

23412-3 

♦4163-76 

4 

99 

24010-1 

♦4268-90 

1-5 

I* 

ft 

23418-7 

♦4161-55 

3 

^^ 

24022-8 

♦4266-96 

1 

ft 

If 

23429-4 

4163-96 

4 

91 

24066-7 

♦4263-28 

4 

»» 

tt 

23449-6 

♦4163-20 

1-6 

^ 

240711 

♦4262-53 

1-6 

»» 

If 

23453-7 

♦4162-89 

1-5 

24072-9 

4262-27 

1-5 

»f 

tt 

23455-2 

♦4146-81 

1-6 

tt 

6-8 

24108-1 

4261-77 

1-5 

♦» 

It 

23457-9 

§*4142-31 

1-6 

It 

91 

24134-3 

♦4261-49 

3 

ti 

If 

23469-5 

♦4131-50 

2 

91 

19 

24197-6 

♦4266-66 

2 

jf 

ft 

23491-7 

4128-63 

1-6 

113 

24214-9 

♦4264-49 

lOnr 

>* 

II 

23498-1 

♦4127-77 

2 

91 

24219-4 

4262-37 

2 

»» 

6-6 

23509-7 

♦4127-44 

2 

24221-3 

♦4248-84 

1-5 

»f 

9t 

23529-2 

4127-06 

1-6 

24223-6 

♦4248-47 

1-6 

ff 

tf 

235313 

♦4126-67 

4 

tt 

9t 

24225-8 

♦4240-82 

3 

1-16 

ft 

23673-7 

4126-25 

1-6 

24228-3 

♦423908 

3 

ff 

9* 

236834 

♦4123-66 

2 

99 

242441 

♦4237-83 

1-6 

i» 

tt 

23690-4 

♦4122-34 

1-6 

24251-3 

♦4234-64 

1-6 

t» 

It 

23608-2 

♦t4121-96 

2 

24263-5 

♦4233-00 

1-5 

It 

ft 

23617-3 

§4121-41 
♦4120-78 

1-5 

24256-7 

♦423236 

1-6 

9* 

tf 

23620-9 

2 

24260-4 

♦4230-61 

2 

ff 

tf 

23630-7 

♦4109-74 

1-5 

24326-6 

t^4224-64 

2s 

9* 

»t 

23664-1 

4108-54 

1-6 

tt 

99 

24332-7 

♦4222-89 

2 

If 

ft 

23673-9 

4104-90 

2 

9t 

24364-3 

4221-71 

2 

If 

ft 

23680-5 

♦4101-31 

1-5 

24375-7 

4217-75 

3 

If 

ft 

23702-7 

♦4099-16 

1-6 

6-9 

24388-8 

♦4216-50 

2 

ff 

It 

23709-8 

♦4090-43 

1-6 

1-12 

24440-4 

♦4213-31 

1-6 

If 

If 

23727-7 

t^408515 

1 

It 

It 

24472-0 

♦4212-77 

2 

ff 

It 

23730-8 

4081-88 

1 

tt 

tt 

24491-6 

♦4211-47 

2 

If 

9t 

237381 

t^4080-36 

1-6 

24490-8 

♦4209-90 

2 

tl 

tt 

23746-9 

4077-81 

2 

9t 

24516-7 

♦4209-60 

3 

ff 

ft 

23749-2 

♦4077-21 

2 

ft 

24519-7 

I  ♦4208-60 

2 

If 

ff 

23764-8 

4076-20 

2 

". 

11 

24525-8 
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Chbomicm  (Abc  Spbctbum)— fl«i«»w<i. 

Reduction 

m 

Redaction 

ip 

Wave- 

Intensity 
and 

to  y  acanm 

Ware- 

Inteosity 
and 

toVacuam 

len^ 

length 

- 

il> 

(Bowland) 

Character 

\-¥ 

1 
\ 

6-9 

ii5 

(Rowland) 

Character 

X+ 

1-. 

ll-s 

♦4075-01 

1-6 

112 

24532-9 

♦3951-93 

1 

1-09 

7-2 

26296-9 

407113 

1 

•• 

If 

24556-3 

3951-26 

1-6 

ft 

H 

26301-2 

•4067-94 

1 

If 

ff 

24576-6 

♦394616 

1-5 

ff 

»f 

25334-0 

406706 

4 

>» 

If 

24581-0 

3945-68 

1 

If 

fl 

25337-0 

♦4066-84 

3 

f» 

If 

24588-3 

♦3941-66 

3 

tf 

If 

25362-8 

♦4060-77 

1-6 

ff 

If 

246190 

♦3928-79 

6 

108 

If 

26446-9 

♦4058-89 

3 

I* 

It 

24630-4 

3926-80 

2 

»f 

II 

26468-8 

4056-93 

1 

If 

If 

24642-3 

3923-61 

1 

ff 

ff 

25480-2 

♦4066-17 

1-6 

ft 

If 

24646-9 

♦3921-20 

5 

ft 

ff 

25495-2 

♦4061-47 

1-5 

1-11 

7-0 

24675-4 

3920-26 

1-6 

ff 

fl 

26601-4 

#4050-18 

1 

f) 

n 

24683-3 

♦3919-31 

7 

If 

ff 

26506-5 

♦4049-90 

1-5 

It 

ff 

24686-0 

♦3917-76 

1-5 

ft 

ff 

25617-7 

4048-94 

3 

ff 

19 

24690-8 

♦3917-16 

1 

11 

n 

26521-6 

§♦4046-89 

1 

It 

ff 

24703-3 

♦3916-38 

4 

ff 

ff 

25526-6 

♦4044-24 

1-6 

t» 

II 

24719-5 

♦3915-96 

4n 

If 

11 

25529-3 

♦4043-85 

1-6 

rt 

ff 

24721-9 

♦3916-66 

1-6 

If 

It 

25531-3 

♦4042-40 

1-6 

If 

If 

24730-8 

♦3914-45 

1-6 

ft 

11 

26539-2 

♦4039-21 

3 

i» 

ff 

24750-3 

♦3908-87 

6 

fl 

7-3 

25575-5 

♦4037-43 

1-6 

t* 

ff 

24761-2 

♦3907-91 

2 

ff 

•1 

25681-8 

4033-44 

1-6 

If 

If 

24786-7 

3907-40 

1 

>f 

II 

25585-2 

♦4031-26 

1-6 

>f 

ff 

24799-1 

3903-30 

3 

ff 

If 

266120 

4030-82 

2 

ft 

fl 

24801-8 

3903-02 

4 

f> 

ff 

25613-9 

♦4028-22 

1 

>f 

ff 

24817-9 

3902-22 

2n 

ff 

It 

266191 

♦4027-24 

2 

If 

If 

24823-9 

3897-83 

3n 

ff 

If 

26648-0 

♦4026-30 

2 

tf 

ff 

24829-7 

♦3894-20 

4 

1-07 

II 

25671-9 

♦4026-60 

1 

If 

ff 

24834-0 

»3892-07 

2n 

ft 

ff 

26686-0 

♦4026-14 

2 

If 

II 

24836-9 

♦3886-94 

4 

fl 

ft 

25719-9 

♦4023-90 

1-6 

It 

n 

24844-6 

♦3885-36 

4 

ft 

ff 

26730-4 

♦4022-38 

2 

ft 

If 

248539 

♦3883-78 

2 

»f 

If 

25740-8 

4018-36 

I 

ff 

If 

24878-8 

t3883-41 

4 

ff 

ft 

25743-3 

♦4016-96 

1 

n 

n 

24887-5 

3881-37 

2n 

11 

fl 

26766-8 

4014-86 

1 

110 

n 

24900-5 

.♦387939 

3n 

If 

» 

257701 

4012-63 

2 

If 

II 

24914-3 

♦3868-41 

1-6 

fl 

II 

258431 

4004-11 

I 

ff 

It 

24967-3 

386573 

1-5 

If 

11 

25861-0 

♦4001-58 

2 

ff 

7-1 

24983-0 

»3862-68 

1-6 

If 

II 

26881-6 

3999-86 

1 

II 

n 

24993-8 

3860-28 

1-6 

If 

II 

25897-9 

♦3994-10 

1-6 

l> 

II 

26029-8 

3867-74 

4 

ft 

ff 

25914-6 

♦3992-96 

3 

II 

n 

25037-0 

3856-40 

2 

1-06 

If 

25923-6 

♦3991-81 

3 

If 

It 

25044-2 

♦3855-76 

8 

t> 

ft 

269280 

♦3991-26 

4 

19 

If 

26047-6 

♦3855-41 

2 

ff 

n 

26930-3 

♦3990-14 

2 

ff 

II 

25054-7 

♦3854-36 

4 

ff 

ft 

26937-3 

♦3984-48 

3 

ff 

ff 

26090-3 

♦3853-33 

1-6 

ft 

ff 

25944-3 

♦398402 

5 

ff 

If 

25093-2 

♦3852-33 

2 

It 

ft 

259510 

♦3981-37 

2 

fl 

II 

25109-9 

3850-13 

6n 

ft 

ft 

26966-9 

♦3979-99 

1-5 

II 

If 

25118-6 

♦3849-66 

2n 

If 

If 

25969-0 

♦3978-81 

2 

n 

If 

25126-0 

♦3849-48 

3n 

ft 

If 

25970-2 

♦3976-81 

6 

II 

fl 

25138-7 

♦3849-15 

3n 

>» 

ft 

26972-6 

3972-86 

1 

109 

If 

25163-7 

♦3841-42 

6 

fl 

ff 

26024-7 

3971-39 

6 

II 

tf 

25173-0 

♦3836-22 

2 

If 

ff 

26060-0 

♦3969-89 

6 

II 

If 

25182-5 

♦3834-88 

3 

ff 

If 

260691 

3969-20 

2 

ff 

ft 

25186-9 

3833-62 

1 

ft 

ft 

26077-7 

♦3963-82 

5 

If 

ff 

25221-1 

♦3831-16 

3 

ft 

If 

26094-6 

3960-95 

I 

II 

ft 

26239-4 

♦3830-17 

6n 

ft 

ft 

26101-2 

♦t3953-34 

1-6 

II 

7-2 

25287-9 

♦3826-55 

4n 

If 

If 

26125-8 

3962-56 

1-6 

fl 

fl 

25292-91 

♦3825-64 

2n 

fl 

If 

26132-9 
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Chbomium  CAbc  STECTRTmy-eonUnned. 

Redaction 

a  >^^ 

Redaction 

Oscillation 
Frequency 
in  Vacuo 

Wave- 
length 
(Rowland) 

Intensity 

and 
Character 

to  Vacuum 

w. 

Wave- 
length 
(Rowland) 

Intensity 

and 
Character 

to  Vacuum 

X+ 

1 

K 

X+ 

1_ 

•3823-64 

2 

106 

7-3 

261458 

•3686-70 

2n 

1-02 

7-6 

27124-3 

•3822-22 

1 

n 

fi 

26156-6 

3683-60 

1-68 

It 

7-7 

27139-7 

♦3821-71 

1-6 

u 

It 

261590 

♦8681-81 

l-5s 

ti 

11 

27152-9 

•3821-00 

1-5 

»» 

It 

26163-9 

♦3681-12 

1 

II 

It 

271581 

8820-11 

1 

»t 

tt 

261700 

3680-34 

1 

II 

i» 

27163-7 

3819-68 

3 

n 

ft 

26172-9 

3679-93 

1-63 

ft 

•1 

27166-7 

♦3818-61 

2 

*r 

If 

26180-2 

♦3679-20 

1-68 

It 

It 

271721 

♦3817-97 

1-6 

i» 

7-4 

26184-6 

♦3678-00 

1-5 

It 

It 

27181-0 

3816-30 

2 

1-06 

It 

26196-0 

♦13668-17 

1-68 

fi 

tt 

27253-9 

♦3815-53 

3 

ft 

If 

26201-3 

3666'78 

2 

It 

II 

27264-2 

3814-74 

2 

tf 

ti 

26206-7 

3666-30 

18 

M 

It 

27267-8 

♦3812-37 

2 

>« 

ft 

26223-0 

366610 

1-68 

11 

ft 

27269-2 

♦380806 

2 

»• 

ft 

26262-7 

♦3663-35 

3 

It 

It 

27289-7 

♦3806-97 

2 

It 

ft 

26260-2 

♦3662-97 

1-5 

ft 

II 

27292-6 

3806-68 

1-5 

II 

If 

262622 

♦3656-36 

4 

1-01 

>t 

27341-9 

♦3804-91 

4 

ti 

>i 

26274-4 

*365405 

3 

It 

II 

27369-2 

♦3797-86 

4 

ff 

It 

26323-3 

♦3649-97 

1 

tt 

♦1 

27389-M 

♦3797-28 

2 

n 

If 

26327-2 

♦364912 

4 

It 

•» 

27396-2 

♦3794-76 

2 

It 

If 

26344-8 

♦3648-65 

1-6 

If 

II 

27399-7 

3794  02 

2 

tt 

ft 

26349-9 

♦3646-26 

1-5 

It 

tl 

27417-7 

•3793-46 

2 

ft 

II 

26353-8 

♦3641-95 

4 

11 

II 

27449-1 

•3792-30 

2 

It 

ft 

26361-8 

♦3641-61 

2 

tt 

II 

27462-7 

♦3791-51 

2 

It 

11 

26367-3 

♦3639-93 

6 

II 

It 

27466-4 

♦3790-61 

2 

ft 

II 

26373-6 

♦3636-72 

3 

ft 

7-8 

27489-5 

♦3790-36 

1-5 

It 

ti 

26376-3 

3636-37 

1 

ft 

tl 

27499-7 

3789-87 

1-5 

f> 

It 

26378-7 

♦3635-09 

1 

It 

» 

27601-8 

♦378900 

2 

tf 

It 

26384-8 

♦3632-92 

2 

It 

II 

27618-3 

3786-38 

1 

n 

ft 

26403-1 

♦3616-76 

1-6 

1-00 

It 

27648-9 

♦376913 

1 

1-04 

7-5 

26523-8 

3613-78 

1-6 

II 

n 

276641 

♦3768-85 

2s 

tt 

II 

26626-8 

3612-70 

1-58 

tl 

It 

27672-3 

♦3768-37 

38 

ft 

It 

26529-2 

361017 

1-6 

It 

II 

27691-7 

3768-23 

1-6 

ft 

ft 

26530-2 

♦3609-62 

1-5 

It 

II 

27696-9 

3767-56 

1-5 

tt 

tt 

26634-9 

3608-62 

1-6 

tf 

M 

27704-4 

♦3758-14 

2 

It 

ti 

26601-4 

♦3605-46 

lOnr 

II 

tl 

27727-9 

♦3757-80 

3 

tt 

II 

26603-8 

8603-86 

2n 

II 

If 

27740-2 

♦3757-28 

1-5 

ft 

II 

26607-6 

t3602-68 

1 

•1 

II 

27749-3 

3755-97 

1 

>f 

II 

26616-8 

♦3601-76 

3 

It 

II 

27756-4 

♦3749-13 

4 

tf 

If 

26666-4 

♦3699-61 

1 

If 

l» 

27773-8 

•3748-73 

2 

ft 

It 

26668-2 

♦3693-67 

lOnr 

tt 

7-9 

27819-7 

♦374740 

1-5 

>f 

ti 

26677-7 

3584-46 

3b 

tt 

tl  1 

27890-6 

♦3744-63 

2 

}t 

It 

26697-4 

♦8582-74 

1-6 

It 

tt 

27903-8 

•3744-01 

4 

ft 

ft 

26701-8 

♦3578-81 

lOnr 

ft 

It 

27934-4 

•3743  67 

4 

It 

11 

26704-3 

♦3575-10 

2 

0-99 

u 

27963-3 

•3743-08 

2 

t» 

It 

26708-6 

♦3574-93 

3 

II 

tt 

27964-7 

•373216 

2 

103 

ti 

26786-7 

♦3674-19 

2 

tl 

tl 

27970-6 

•3730-91 

2 

It 

tt 

26795-6 

3673-79 

8 

19 

tt 

27973-6 

•3616-65 

l-6n 

7-6 

26898-4 

♦8572-90 

2 

It 

tt 

27980-6 

•3696  02 

1 

1-02 

II 

27048-5 

8569-28 

1 

II 

tt 

28009-0 

3689-76 

1-6 

ft 

ft 

27094-4 

♦8666-23 

8n 

tt 

tl 

28082-9 

3689-41 

1-5 

•f 

It 

270970 

8665-81 

1 

It 

tt 

28040-2 

•+3688-56 
•368824 

1-6 

II 

•1 

27103-3 

♦3664-87 

1-6 

II 

tt 

28048-6 

1 

ft 

•I 

27106-6 

3664-44 

1 

II 

tt 

280470 

•3687-66 

3n 

It 

>• 

27109-9 

3662-67 

1 

If 

It 

28061-7 

3687-41 

3n 

»t 

ti 

37111-7 

♦8662-40 

1 

II 

II 

28068-1 

•3686-96 

3n 

$9 

It 

27116-1 

♦3569-90 

1-6 

tl 

»• 

28082-8 
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Chbomium 

(ABC  Spbctbum)— «m«lM«^. 

WaTe- 

Intensity 

Redaction 
toVacnnm 

Ill 

Wave- 

Intensity 

Redaction 
to  Vacaam 

OsciUation 
Frequency 
in  Vacno 

leoffth 
(Boi^and) 

and 
Character 

0-99 

1_ 

m 

len^h 
(Rowland) 

and 

X+ 

1_ 
\ 

8668-74 

Sn 

7-9 

28091-9 

♦3481-41 

1-5 

0-97 

8-1 

28715-9 

•8666-27 

1 

M 

f9 

28111-4 

♦3467-86 

1*6 

•» 

8-2 

288280 

*3666-88 

1 

fff 

I* 

28114-5 

♦3466-40 

1-6 

ft 

99 

28848-6 

366410 

1 

•» 

tf 

28128-6 

♦3460-60 

1 

tf 

99 

28888-6 

8562-86 

2n 

t» 

•f 

28138-6 

♦3465-76 

1-6 

0-96 

>» 

28929-0 

•8660-73 

3n 

» 

8-0 

28156-2 

♦3453-46 

1-6 

tt 

19 

28948-3 

3648-96 

l-5n 

»• 

•» 

28169-3 

♦3447-90 

1 

»» 

t» 

289950 

863304 

1 

0-98 

t« 

28296-2 

♦3447-65 

1-6 

tt 

tt 

28997-9 

,  ♦3627-22 

1 

t* 

»t 

28342-9 

♦3447-15 

1 

ft 

»« 

29001-3 

•3611-93 

1 

M 

It 

28466-4 

♦3445-71 

1-6 

t 

tt 

29013-4 

8610-66 

1-6 

tf 

81 

28478-6 

♦3441-66 

J -6 

1 

tt 

29048-4 

♦349608 

1-6 

0-97 

It 

28603-5 

♦3436-31 

1-6 

»t 

It 

29092-8 

♦3488-CO 

1 

11 

9t 

28666-2 

♦3433-72 

1-6 

» 

tt 

29114-7 

.  ♦3483-92 

1 

»t 

|> 

28696-7 

♦3433  42 

1 

t 

t» 

29117-3 

♦3481-66 

1-6 

»i 

tt 

28713-8 

Rowland's  Nonnal  Lines:  6798-09|  5754-89|  6731-98,  6709-69| 


6684I69 
6238-12, 
4994-31, 
4703-98, 
4608-46, 
4264-49, 
4029*79, 
8821-32, 
3583-48, 


5487-96, 
6202-49, 
4981-90, 
4690-32, 
4494-72, 
422237, 
4003-91, 
379402, 
3664-68, 


5447-12, 
5173-91, 
4934-24, 
4668-30, 
4447-90, 
4199-25, 
8977-89. 
377012, 
3640-27, 


6409-99. 
6146-67. 
4890-94, 
4643-64, 
4407-85, 
4186-06, 
3964-00. 
3764-65, 
8518-48, 


5379-77, 
6126-37, 
4859-93, 
4629-50, 
4376-10, 
4157-94, 
3926  13, 
3782-54, 
34ra-47, 


5353-59, 
5090-96, 
4824-31, 
4611-44, 
4352-91, 
4121-96, 
3916-88, 
369619, 
3464-61, 


5324-37, 
6083-53, 
4805-25, 
459012, 
4318-83, 
4103-10, 
3897-60, 
3667-40, 
3455-38. 


5688-43, 
5296-88, 
5050-01, 
4754-22, 
4671-27, 
4293-26, 
4083-76, 
3875-24, 
3640-63, 


5662-75. 
5266-73, 
5020-20, 
4727-62, 
4668-94, 
4267-94. 
4055-69, 
3843-40. 
3612-21, 


662  chromium  lines  coincide  with  solar  Unes,  and  199  lines  have,  apparently,  no 
corresponding  solar  lines.    Their  intensities  are  shown  in  the  following  Table : — 


Intensity 

Number  of  Lines 

C  lincident 

Not  Coincident 

1  to  2 

2  to  4 
4  to  6 
6  to  8 
8tol0 

213 

228 

74 

31 

16 

129 

62 

*        8 

0 

0 
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Potassium. 

Eder  and  Yalenta :  '  Sitzbcr.  kais.  Akad.  Wien.'Bd.  Iz.  1893. 


Reduction 

Intensity 
and 

to  Yacnum 

Oscillation 
Frequenc}'- 

WaTe-tengths 

Character 

1 

in  YacQO 

Leooq  de  Boisbaudran 

Eder  and  Yalenta 

X  + 

K 

7697 

7699 

108 

2-08 

3-6 

12985 

7663 

7666 

108 

»f 

yi 

18041 

7248-6826 

7040 

lb 

1-91 

3-8 

14201 

5831 

6832 

6b 

1-69 

4-7 

17142 

6803 

5802 

88 

1-58 

»> 

17231 

6783 

5783 

58 

*« 

It 

17287 

5342 

6344 

4ii 

1-46 

51 

18607 

6104 

5103 

an 

1-40 

6-4 

19691 

4948 

4950 

Sn 

135 

6-5 

20196 

4046 

4045-8 

10 

1-11 

70 

24710 

— 

3447-2 

4 

0-96 

8-2 

29001 

— 

3217-5 

1 

0-90 

8-8 

31071 

Note.— The  continuous  spectrnm  due  to  potassium  extends  from  6400  to  4000, 
being  most  intense  between  6700  and  4700.  According  to  Yogel  (<  Spectral  Analyse ') 
it  is  due  to  potassium  ozide»  but  it  is  present  in  the  spark  spectrum  of  metallic 
potassium  in  an  atmosphere  of  hydrogen.    The  lines  4045*8,  3447*2  and  3217*5  occur 


404 7'4  ) 
in  the  arc  spectrum  as  the  double  lines  ^q^^.q  \ 


3447 
3446 


5\  „    ,  3217*8  \ 
4/  *^^  3217*3/ • 


Eder  and  Yalenta : 


■    Sodium. 

•Sitzber.  kais.  Akad.  Wien,*  Bk.  Ix.  1893. 


Flame  Spectrum 

Intensity 

and 
Character 

Redaction  to 
Yacuum 

Oscillation  Frequency 
in  Yacuo 

Wave-length 
(Eder  and  Yalenta) 

A.+ 

1_ 

(5896-16) 

(689019) 

3302-5 

28530 

10 

10 

8 

2 

1-61 
1*60 
0-93 
0-81 

4*6 

8-6 
10-1 

16955-6 
16972-8 
30271 
35041 

The  line  3302'5  appears  in  the  arc  spectrum  as  the  double  line  ooao-at  \  *  ^^^ 
the  line  2863*0  as  2852-91.— Eayser  and  Runge. 

Lithium. 
Eder  and  Yalenta :  '  Sitzber.  kais.  Akad.  Wien/  Bk.  Ix.  1893. 


Flame-spectrum 

Intensity 

and 
Character 

Reduction  to 
Yacuum 

Oscillation  Frequenrv 

Wave-length 
(Eder  and  Yalenta) 

\+ 

1_ 

in  Yacuo 

(6708-2) 
(6103-77) 
♦4602-4 
♦3232-8 

10 
3 
2 
4 

1-82 
1-66 
1-26 
0-91 

40 
4-4 
60 
8-8 

14903-1 
16378-9 
21722 
30924 

♦  In  the  arc  spectrum  Eayser  and  Rungo  obtain  for  these  lines  the  numbers 
4602-37  (21721-8)  and  3232*77  (30923*7). 
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Calcium  Chloride  and  Oxide. 
Eder  and  Valenta :  *  Sitzber.  kais.  Akad.  Wien/  Bk.  Ix.  1893. 


Flame-spectmm 

Reduction 

Intensity 

and 
Character 

to  Vacuum 

0»cIlIalioii 
Frequency 
in  Vacuo 

nvave-ieDgTDs 

\  + 

1_ 
a"" 

Eder  and  Yalenta 

cft441                       16442 

* 

1-75 

4-2 

16619 

6348                        ♦6349 

2 

1-73 

4-3 

16746 

6320           !             •6322 

2 

1-72 

i» 

16813 

t  G-it;r>                  t6265 

10 

1-70 

If 

15967 

a  s  6202                        ♦6202 

10 

1-69 

4-4 

16119 

6181           '             ^6183 

U) 

1-68 

»» 

16169 

GIK58                        ♦6069 

6 

l-6o 

4-5 

16473 

9 

6044                        ^6044 

r> 

ff 

ft 

16541 

5982                       t598S 

6 

1-63 

1* 

16709 

75933                        ♦5934 

8 

1-62 

46 

16847 

C6817           1             ♦6816 

3 

1-58 

4-7 

17189 

6728                       t5727 

2 

1-56 

»f 

17466 

6644           ,             t6644 

2 

1-54 

4-8 

17713 

a ;  6543           :             t5643  5 
'*  [  ft517                       t^SlT 
5427                       t6428 

8 

•t 

4-9 

18034 

8 

1-61 

•1 

18121 

2 

1-48 

6-0 

18418 

6372          1             t5374 

2 

1-47 

51 

18603 

1             t4650 

1-26 

61 

21972 

'             t^5]5 

1-24 

i» 

22142 

'             t4466 

1-22 

6-2 

22390 

t4436 

t* 

*> 

22642 

t4396 

1 

1-21 

6-3 

22742 

t4862 

1-20 

6-4 

22919 

t4324 

119 

It 

23120 

t4294 

118 

6-5 

23282 

t4257 

117 

t» 

23484 

4226 

4227 

10s 

116 

6-6 

28661 

t4169 

114 

6-7 

24037 

{4122 

!13 

68 

24253 

t4084 

112 

69 

24479 

I 

t4042 

Ml 

70 

24733 

t4002 

110 

7.1 

24980 

t3972 

109 

.* 

26169 

t3942 

f» 

72 

26361 

t3909 

1-08 

7-3 

25574 

1 

t3880 

107 

•t 

26766 

I 

13840 

106 

»• 

26034 

1 

t3815 

106 

7-4 

26206 

t3771 

104 

7-5 

26511 

t3722 

103 

7-6 

26860 

t3687 

102 

«t 

27115 

t3644 

101 

7-7 

27436 

t3608 

1-00 

7-8 

27708 

t3569 

0-99 

7-9 

28011 

t3531 

0-98 

80 

28313 

t3494 

0-97 

81 

28612 

t3463 

»t 

8-2 

28868 

t3429 

0-96 

8-3 

29156 

In  the  arc  spectmm  Kavser  and  Runs^e  obtain  for  the  line  4227,  dne  to  metallic 
calcium,  the  number  4226-91  (23650*4.) 
*  Dne  to  caicinm  chloride, 
f  Dne  to  caldcun  oxide. 
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Strontium  Chloride  and  Oxide. 

Eder  and  Yalenta :  '  Sitzber.  kais.  Akad.  Wien/  Bk.  Ix.  1893. 


Flame-apectrain 

Reduction  to 

Intensity 

Yacuun 

Oscillation 

Wtve-lengths 

and 
Character 

\  + 

1 

Frequency 
in  Vacuo 

Leooqde  fioisbaudran 

Eder  and  Valenta 

A 

V/  6862 
^\6827 

+6863 

4 

1-86 

3-9 

14567 

t6828 

4 

1-85 

40 

14642 

6729 

♦6731 

1 

1-83 

>» 

14853 

^r6694 
^16664 

t6695 

8 

1-82 

)» 

14932 

t6665 

8 

1-81 

41 

15000             ; 

(6627 
*  1 6597 

t6628 

6 

1-80 

ft 

15083 

♦6597 

6 

1-79 

»> 

15164              j 

8    6464 

16464 

6 

1-76 

4-2 

15466              1 

If    6350 

♦6351 

6 

1-73 

4-3 

15741 

6276 

t6275 

1 

1-71 

•r 

15932              ! 

6233 

t6233 
6192 

1 

1-70 

99 

16039 

6191 

1 

1-68 

4-4 

16146             1 

J  6059 
"16031 

■6060 

10 

1-66 

4-5 

16497              1 

•W32 

10 

1-64 

»» 

16674              ' 

5970 

(5968) 

2s 

1-63 

•» 

16751 

6940 

t5940 

1 

1-62 

4-6 

16830              j 

r59ii 

'16890 

+5910 

3 

1-61 

u 

16916 

t6891 

3 

1-60 

»» 

16970              I 

0    4607 

(460^) 

10s 

1-26 

60 

21695 

- 

^4506 

1 

1-23 

61 

22191 

■ 

^4470 

1 

» 

6-2 

22365 

^4430 

1 

1-21 

6-3 

22567 

4391 

1 

1-20 

»• 

22768 

4357 

1 

ff 

6-4 

22946 

4328 

1 

119 

tt 

23099 

4292 

1 

118 

6-5 

23293 

4259 

1 

117 

»» 

23473 

(4032) 

2s 

Ml 

70 

24796 

3806 

2b 

105 

7-4 

26267 

3778 

2b 

9f 

t> 

26462 

3738 

2b 

104 

7-5 

26745 

3692 

3b 

102 

7-6 

27078 

3647 

3b 

101 

7-7 

27412 

3612 

In 

1-00 

7-8 

27678 

In  the  arc  spectrum  Kayser  and  Runge  obtain  for  the  lines  5968,  4608,  and  4032, 
due  to  metallic  strontium,  the  nmnbers  6970*38  (16744*8)  4607-62  (21697*6)  and 
4032*61  (24791*4). 

♦  Due  to  strontium  chloride. 

t  Due  to  strontium  oxide. 


Digitized  by  VjOOQIC 


ON  WAVE-LENGTH  TABLES  OF  THE  SPECTRA   OF  THE  ELEMENTS.    259 


Barium  Oxide  and  Chlobide. 
Eder  and  Valenta:  'Sitzber.  kais.  Akad.  Wien/  Bk.  be.  1893. 


FJame-flpectniin 

Reduction  io 

Intenntv 

Yacuam 

Oicaiation 

Wave-lengths 

and 
Character 

Freqiiency 
in  V acQO 

1 

LeooqdeBcisbaadran 

Eder  and  ValenU 

A  + 

X" 

6819 

t6820 

1 

1-86 

40 

14669 

6499 

6497 

2 

1-77 

4-2 

16387 

6448 

^6460 

1 

1-75 

»» 

16600 

6297 

6297 

2 

1-71 

4-3 

16876 

6239 

6240 

4 

1-70 

»» 

16021 

6178 

6177 

4 

1-68 

4-4 

16185 

6108 

6109 

4 

1-66 

ft 

16365 

6044 

6044 

4 

1-66 

4-5 

16641 

6996 

5997 

1 

1-63 

If 

16670 

6988 

5938 

8 

162 

4-6 

16836 

6881 

6882 

8 

1-60 

ft 

16996 

6824 

6827 

1 

1-59 

4-7 

17167 

6768 

6768 

4 

1-57 

It 

17332 

6719 

5720 

6 

1-56 

4-8 

17478 

6661 

6660 

8 

1-54 

»t 

17663 

6613 

5612 

3 

1-63 

•» 

17814 

6636 

5636 

10 

1-61 

4-9 

18069 

6492 

+5493 
+6460 

8 

1-50 

60 

18200 

5461 

1 

1-49 

If 

18310 

6346 

t5346 

9 

1-46 

51 

18700 

/+5316 
] ♦6314 
45280 

1 

1-45 

j» 

18806 

<      6314 

2 

»» 

ff 

18813 

1 

1-44 

5-2 

18934 

t6255 

1 

»T 

ft 

19024 

6242 

♦5243 

2 

1-43 

ft 

19068 

5215 

t5216 

« 

«« 

»» 

19170 

5089 

t6089 

9 

1-39 

5-4 

19645 

6019 

t6022 

2 

1-37 

5-6 

19907 

4974 

+4977 

2 

1-36 

ft 

20087 

+4954 
14873-6 

1 

w 

»f 

20180 

4873 

10 

1-33 

6-6 

20518 

4794 

t4796 

3 

1-31 

6-7 

20845 

+4766 

1-30 

6-8 

21020 

t4736 

»» 

f» 

21109 

.14694 
^14681 

1-29 

69 

5  21498 
I  21361 

1-28 

If 

♦  J  ^644 
»  1 4630 

1-27 

If 

f 21 627 

»« 

60 

121592 

X  J  4689 

1-26 

»»  . 

r 21785 
121890 

^  1 4667 

1-26 

f» 

+4564  (?) 
t4635 

»f 

61 

21963 

124 

f» 

22043 

t4488 

1-23 

6-2 

22275 

t4443 

1-22 

»• 

22501 

+4398 

1-21 

6-3 

22731 

+4363 

119 

6-4 

22966 

+4309 

1-18 

6-5 

28201 

t4270 

117 

♦• 

23413 

t4236 

116 

6-6 

23606 

+4200 

116 

6-7 

23803 

+4165 

1-14 

If 

24003 

1 

f4128 

^ 

1-13 

G-8 

24218 

,  si 
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Barium  Oxidb  and  CuLORiuit—ifontinfted. 


Redaction  to 

Intensity 

Yacuam 

OioilUtion 
Freouency 
ia  Vacuo 

Ware-lengthi 

and 

Obaractflr 

A.+ 

1_ 

Lecoq  de  BoUbaadnn 

EderandValenta 

t4088 

112 

6-9 

24455 

t4047 

111 

70 

24703 

t4009 

1-10 

ft 

24937 

t3984 

ff 

7-1 

26093 

t3951 

109 

7-2 

26303 

t3918 

1-08 

n 

26616 

In  the  arc  spectram  Kayser  and  Range  have  obtained  for  the  lines  6497,  5536, 
and  4564,  due  to  metallic  barium,  the  numbers  6498*93  (15382-9),  5636-69  (18069.7), 
and  4554-21  (219516). 

*  Due  to  barium  chloride. 

f  Due  to  barium  oxide. 


Boron  (Spark  Spectrum). 

Eder  and  Valenta :  *  Denkschr.  math.  Wissensch.  kais.  Akad.  Wien,'  Bd.  Ix.  1893. 
Ciamician :  *  Sitzber.  kais.  Akad.  Wissensch.  Wien,'  Bd.  Izzxix.  1890. 


Wave-lengths 

Redaction  to 
Vacnum 

Intensity  and 
Character 

Oscillation 
Freqaency 
in  Vacuo 

1 

Ciamician 

Eder  and  Valenta 

\  + 

A 

5103 

1 

1-40 

6-4 

19590-9 

4981 

I 

1-36 

65 

20070-8 

4966 

1 

»» 

If 

20131-4 

4964 

1 

fi 

If 

20139-5 

r  3957-9 
3941-7 

2 

1-09 

71 

r  25268-8 
26362-6 

2 

n 

7-2 

r  3829-3 

1 

1-06 

7-3 

/  26107-3 
\  261400 

13824-5 

1 

It 

If 

^3451-3 

6 

0-96 

8-2 

28968-4 

3246-9 

1 

0-91 

8-8 

80789-8 

f  2689-0 
2686-2 

1 

0-77 

10-8 

r  37177-8 
37216-6 

1 

If 

•1 

♦2497-7 

10 

0-73 

11-7 

400261 

♦2496-8 

10 

It 

ft 

40039-6 

2388-5 

1 

0-71 

12-4 

41864-9 

r  22670 
1  2266-4 

2 

0-68 

13-3 

(-44097-9 
44109-6 

1 

2 

»f 

If 

;  2088-8 

2 

0-65 

14-9 

f  47859-6 
1 47868-6 

12088-4 

2 

•1 

It 

r  2066-2 

2 

0-64 

15-3 

r  48382-7 
148416-2 

\2064G 

2 

•1 

I* 

•  Observed  also  by  Hartley. 
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Tin  (Arc  Spectrum). 
Eayser  and  Rnoge :  *  Abhandl.  ioaigl.  Akad.  WisseDsch.  zu  Berlin/  1893. 


1 

Reduction  to 

Wave- 
length 
(Rowland) 

Limit  of 
Error 

Intensitv 

and  * 

Character 

Previc 
( 

ns  Measurements 
Angstrom; 

Vacuum 

Oscillation 
Frequency 
in  Vacuo 

X  + 

1 

6631-91 

003 

8 

6630-0  ThaUn 

1-54 

4-8 

17761-2 

4524-92 

0-03 

8 

45240 

It 

1-24 

61 

220937 

380116 

0-05 

6r 

3800-3  H.&  A.                      1 

1-06 

7-4 

26300-4 

t3656-88 

003 

4 

3666-6 

tt 

1-01 

7-7 

273465 

3380-71 

006 

6r 

33300 

ti 

33260  T<.&D. 

0-93 

8-6 

300161 

{3262-44 

003 

8r 

3261-6 

tf 

3260-0      „ 

0-92 

8-7 

30643-2 

3218-78 

008 

4 

3218-0 

II 

0-90 

8-8 

31058-9 

8175-12 

003 

8t 

3174-3 

II 

8176-0      „ 

0-89 

90 

31486-9 

3141-92 

0-03 

4 

3140-6 

It 

3141-7      „ 

0-88 

9-1 

318186 

.3034-21 

003 

lOr 

30331 

II 

30330      „ 

0-86 

9-4 

32948-1 

§3032-88 

003 

4r 

II 

It 

32962-6 

3009-24 

0-06 

lOr 

3007-9 

It 

3008-5      „ 

0-86 

9-6 

33221-6 

2922-48 

016 

2b^ 

0-83 

9-8 

34207-7 

1[2913'67 

003 

6r 

2911-9 

It 

2913-1      „ 

ti 

9-9 

343111 

2863-41 

003 

lOr 

2862-1 

II 

2862-8      „ 

0-81 

10-1 

349133 

2860-72 

0-03 

6r 

2849-3 

11 

«i 

It 

36068-8 

1     2840-06 

003 

lOr 

2838-9 

II 

2839-6      „ 

II 

102 

36200*3 

2813-66 

0-05 

4r 

2812-5 

II 

2813  6      „ 

0-80 

10-3 

36630-6 

2812-70 

005 

4 

2811-6 

ti 

2812-6      „ 

II 

It 

36642-7 

L»78809 

010 

6br 

2787-3 

II 

2787-6      „ 

If 

10-4 

85856  4 

♦•2786-14 

003 

4r 

27840 

ti 

2784-7      „ 

It 

It 

36894-4 

++2779-92 
i     2706-61 

008 

6r 

2778-8 

11 

2779-6      „ 

0-79 

11 

35961-9 

003 

lOr 

2706-8 

It 

0-78 

10-7 

36935-9 

1     2661-35 

003 

6r 

2660-2 

It 

2660-7      „ 

0-77 

10-9 

37664-0 

;     2637-06 

0-03 

4n 

2636-5      „ 

0-76 

110 

37910-2 

2694-49 

003 

6r 

2693-6 

ti 

2593-5      „ 

0-75 

11-2 

385320 

'     2571-67 

003 

8r 

2670-5 

)i 

2571-0      „ 

II 

11-3 

38873-9 

112668-12 

0-20 

6b- 

2667-7 

It 

2667-6      „ 

0-74 

11-4 

89079-8 

,     2646-63 

003 

8r 

25456 

It 

2646-1      „ 

II 

11-5 

39266-1 

2531-35 

0-10 

6b- 

2530-8 

It 

2630-7      ,. 

It 

It 

394931 

'     262613 

010 

lb- 

It 

11-6 

89674-6 

§§262405 

006 

4r 

2623-4 

II 

2623-5      „ 

tt 

It 

89607-3 

2499-80 

0-20 

lb- 

2499  3 

II 

0-73 

11-7 

39999-6 

2495-80 

0-03 

8r 

2495-0 

II 

2498-6     „ 

0-73 

11-7 

40055-6 

2491-91 

0-20 

2b- 

2488-0 

It 

2493-5     „ 

It 

11-8 

40118-1 

2483-60 

003 

8r 

2482-9 

It 

2483-1      „ 

II 

II 

402540 

2455-30 

003 

•     4 

2455-5 

rt 

0-72 

120 

40716-2 

'     2433-53 

003 

2 

2433-3 

II 

II 

121 

41080-5 

2429-58 

003 

lOr 

2429-3 

II 

24396     „ 

II 

II 

41147-3 

j     242178 

0-03 

lOr 

24218 

It 

2421-5      „ 

0-71 

12-2 

41279-7 

!     2408-27 

0-03 

6r 

24080 

It 

2407-9     „ 

II 

12-3 

41511-3 

1     2386-96 

0-50 

2n 

»t 

12-4 

41881-5 

1    2380-82 

006 

4r 

2381-1 

ft 

II 

12-5 

41989-8 

i     2364-89 

0-20 

2n 

2364-7      „ 

0-70 

12-6 

42272-7 

,     2358-06 

0-05 

4 

2357-7      „ 

II 

It 

42395-3 

1    2354-94 

0-03 

lOr 

23550 

J, 

2354-5      „ 

II 

II 

42461-3 

2334-89 

0-03 

8r 

2335-3 

>t 

2334-3      „ 

12-8 

42815-8 

-     2317-32 

003 

lOr 

2317-9 

It 

23170     „ 

0-69 

12-9 

43140-4 

2286-79 

0  03 

6r 

2288-1 

!»• 

2286-9     „ 

II 

13-2 

43716-2 

2282-40 

003 

4 

2282-6     „ 

II 

It 

43800-8 

226908 

006 

lOr 

22700 

ft 

2275-4  t   „ 

0-68 

13-3 

44058-4 

2267-30 

0-06 

6r 

2268-6 

19 

II 

It 

440920 
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Tin  (Abc  STBcrrBXJM)^contin^d. 


1 

Redaction  to 

Wave- 
length 
(Rowland) 

Limit  of 
Error 

Intensity 

and 
Character 

(AngatrtJm) 

Yacaum 

OaciUation 
Frequency 
in  Vacuo 

\+ 

1_ 

2251-29 

0-10 

6r 

2261-0     „ 

0-68 

13-4 

44406-6 

224616 

0-10 

lOr 

2247'0H.&A.2245-8L.&D. 

»« 

13-6 

44607-1 

2231-80 

010 

6r 

2233-2     „ 

2231-3     „ 

»» 

13-6 

44793-3 

2209-78 

010 

lOr 

22101      „ 

2210-7     „ 

0-67 

13-8 

46239-6 

2199-46 

010 

lOr 

2199-2     ,. 

2198-7     „ 

tt 

13-9 

45461-8 

2194-63 

010 

8r 

21960     „ 

21941      „ 

»i 

n 

46551-9 

2171-6 

0-20 

6r 

0-66 

14-1 

460370 

2161-2 

0-20 

6r? 

2151-2 

143 

46471-4 

2148-7 

0-20 

8r7 

If 

If 

46525-5 

2141-1 

0-20 

lOr 

*« 

14-4 

46690-6 

2121-5 

0-20 

6r 

2119-2? 

0-66 

14-6 

47121-9 

2113-9 

0-30 

6r 

2113-6 

ff 

14-7 

47291-2 

2100-9 

0-60 

6r 

1* 

14-8 

47583-8 

2096-4 

030 

lOr 

»f 

ff 

476860 

2091-7 

0-60 

6r7 

0-65 

14-9 

477931 

2080-2 

0-50 

6 

2079-3      „ 

15-3 

48067-0 

20730 

0-50 

8r 

0-64 

ft 

482240 

2068-7 

0-60 

6 

20661?   ., 

48324-2 

2063-8 

0-50 

6 

>t 

ft 

484390 

2058-3 

0-50 

6 

99 

ti 

48668-5 

2053-8 

0-50 

6 

f» 

•1 

.  48674-9 

*  See  Iron.  f  See  Copper  %  See  Lead.  §  See  Arsenio. 

f  See  Gold.  **  See  Barium.  -H  See  Magnesiam. 


XX  See  Ziuc. 


§S  See  Silicon. 


Lead  (Arc  Spectrum). 
Kayser  and  Runge :  '  Abhandl.  konigl.  Akad.  Wissench.  zu  Berlin/  1893. 


Wave- 
length 
(Rowland) 


600208 
6201-66 
6005-62 
4340-66 
4168-21 
4062-30 
4057-97 
4019  77 
3740-10 
3683-60 
3671-66 
8639-71 
357«'88 


\ 


Limit  of 

Intensity 

Error 

and 
Character 

0-10 

2b- 

0-05 

4b- 

0-06 

6b- 

006 

2 

003 

4r 

003 

4r 

003 

lOr 

0-06 

4r 

003 

8r 

003 

lOr 

003 

4r 

003 

lOr 

003 

8r 

Previotu  Measurements 
(Angstrttm) 


6001-5  Thal6n 
52010      „ 
[5006-634  Rowland] 

4167-6  Thal6n 

4061-6  IL&  A. 

4067-6      „ 

4020-5     „      40190  L.&D. 

3738-9  „  3739-3  „ 
[3683-622  Rowland] 

36710H.&  A.  8670-7  „ 
[3639-728  Rowland] 

3572'6H.& A.  3572-0    „ 


Redaction  to 

Yacaum 

^  + 

1_ 

\ 

1-63 

4-5 

1-42 

5.3 

1-37 

5-5 

1-19 

6-4 

1-14 

6-7 

1-12 

6-9 

If 

tf 

1-11 

70 

1-04 

7-5 

1-02 

77 

ft 

n 

101 

»* 

0-99 

7-9 

Oscillation 
Freqaency 
in  Vacuo 


16666-4 
19219-4 
199721 
23031-6 
23984-4 
24609-7 
246360 
248700 
26729-7 
27139-7 
27228-0 
274670 
27980-7 
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Lead  i 

C^VBC  STECTRVM^—eOHtiHUed. 

Redaction  to 

Wave- 

length 

(RowJand) 

Limit  of 
Error 

Intensity 

and 
Character 

(AngstrBm) 

Vacnnm 

Oscillation 
Frequency 
in  Vacuo 

\  + 

1_ 

A." 

♦t3362-47 

0-06 

6 

32600  L.&D. 

0-92 

8-7 

306432 

3240*31 

005 

6 

3238-6     „ 

0-91 

8-8 

30862-4 

3220-68 

0-05 

6 

3219-9H.&A.3219-6    „     | 

0-90 

If 

31040-6 

H160-9 

200 

4n 

0-89 

90 

31728-0 

3119-09 

010 

2 

3118-5     „ 

0-88 

9-1 

32061-5 

2980-29 

0-10 

2 

2981-0     „ 

0-84 

9-6 

33544-2 

2926-84 

0-10 

2b' 

0-83 

9-8 

34156-7 

2873-40 

003 

6r 

2872-2 

it 

2872-0    „ 

0-82 

10-0 

347920 

2833-17 

0-08 

lOr 

2832-2 

fi 

2832-9    „ 

0-81 

10-2 

362860 

2823-28 

003 

6r 

28221 

i> 

2822-5    „ 

0-80 

10-3 

35409-6 

2802-09 

0^3 

8r 

2801-4 

» 

2801-1     „ 

11 

11 

86677-4 

0§2712-62 

010 

2b^ 

0-78 

10-7 

36854-0 

2697-72 

010 

6rii 

2697-2 

j^ 

26970    „ 

0-77 

10-8 

37057-6 

2663  26 

003 

6r 

2662-5 

11 

2662-7    „ 

If 

10-9 

37637-1 

2657-16 

0-03 

2 

n 

11 

37623-3 

2650-77 

1-00 

8n 

2660-0 

*« 

2650-6    „ 

0-76 

110 

377139 

^2628-36 

0-03 

2r 

2627-4 

If 

2627-8    „ 

tt 

11-1 

38036-4 

2614-26 

003 

8r 

2618-4 

11 

2618-7    „ 

ft 

11 

38240-6 

2613-74 

003 

4r 

0-76 

111 

38248-3 

2577-35 

006 

6r 

2676-4 

ty 

2576-7    „ 

0-75 

11-3 

38788-2 

2476-48 

003 

6r 

2475-7 

It 

2476-5    ., 

0-73 

11-9 

403680 

2446-28 

003 

6r 

2446-7 

>t 

24461    „ 

0-72 

12-0 

40866-3 

♦♦2443-92 

003 

6r 

2443-6 

I* 

2443-7    1, 

It 

tt 

40906-9 

2428-71 

006 

6r 

2427-8 

>• 

2428-5    „ 

If 

12-1 

41162-0 

2411-80 

003 

6r 

2411-2 

t» 

2411-6    „ 

071 

12-3 

41460-5 

2402-04 

003 

6r 

2402-1 

t) 

2401-8    „ 

«« 

It 

41619-0 

•^2399-69 

003 

4r 

2399-4    „ 

>» 

»t 

41659-7 

2393-89 

0-03 

8r 

2393-7 

»t 

2393-7    „ 

»» 

12-4 

41760-6 

2388-89 

0-05 

4r 

2389-0 

}i 

2388-8     „ 

tt 

Iff 

41848-0 

2332-54 

003 

6r 

2333-3 

f» 

23320    „ 

0-70 

12-8 

42858*9 

2267-53 

016 

1 

0-68 

13-4 

44282-8 

2254-02 

0-05 

4r 

If 

t> 

44361-8 

224700 

005 

lOr 

2247-9 

»i 

»f 

136 

44490-3 

2237-52 

005 

8r 

2238-2 

9t 

11 

13-6 

44678-7 

§§2203-57 

005 

4 

2204-3 

»f 

067 

13-9 

45367-0 

2187-99 

010 

2 

11 

14-0 

456900 

♦♦♦2175-88 

010 

6r 

0-66 

14-1 

45944-3 

2170-07 

0-10 

lOr 

2170-0 

1* 

»t 

14-2 

46067-3 

21151 

0-10 

8r 

0-65 

14-7 

47264-4 

21120 

0-10 

6 

1* 

11 

47333-8 

2088-6 

0-30 

8r 

» 

14-9 

47866-8 

See  Tin.  f  See  Lead.  ||  See  Zinc.  §  See  Cadmiam. 

1"  See  Iron.  ♦♦  See  Thallium.  ff  See  Mercury. 

§§  Possibly  not  due  to  Lead.  ♦♦♦  See  Antimony. 
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REroHT — 1894. 


Abssnic. 
Kayser  and  Kange :  '  Abhandl.  konigl.  Akad.  Winenscb.  za  Berlin,'  1893. 


Redaction 

Wave- 
length 
(Rowland) 

Limit 

of 
Error 

Intensity 

and 
Character 

(lngsti«m) 

to  Vacuum 

Oscillation 
FreniMney 
in  Vacuo 

\  + 

1_ 
K 

3119-69 

003 

4 

3119-2  H.&A. 

0-88 

9-1 

82045-4 

3075  44 

0-03 

2 

30750    „ 

0-87 

9-3 

32606-4 

♦3032-96 

003 

4 

3032-2 

0-86 

9-4 

32961-7 

299111 

003 

2 

2990-2 

0-86 

9-6 

33422-8 

2898-83 

003 

4r 

2898-2 

0-82 

9-9 

34486-8 

2860-64 

0-03 

6r 

2859-7 

0-81 

101 

349483 

2780-30 

003 

8r 

27795 

0-79 

10-4 

36956-9 

2745-09 

003 

6r 

2744-1    ., 

t» 

10-6 

364181 

2492-98 

003 

1 

2491-9    „ 

0-73 

11-8 

40100-8 

2466-61 

003 

4r 

2456-2 

0-72 

12-0 

40694-6 

2437-30 

003 

1 

2436-9 

>( 

121 

41016-9 

2381-28 

0-03 

4r 

23810 

0-71 

12-5 

41981-7 

2370-86 

003 

4r 

2370-8 

0-70 

f> 

42166-6 

2369-76 

003 

4r 

2369-7 

t» 

f* 

421860 

2363-12 

003 

2 

2362-8 

»• 

12-6 

42304-3 

2349-92 

0-03 

lOr 

23501 

»» 

12-7 

42641-9 

1228819 

0-03 

lOr 

2288-9 

0-69 

13-2 

48689-6 

2271-46 

006 

4 

2272-3 

0-68 

13-3 

44011*2 

2266-79 

005 

4 

2267-5 

♦» 

i> 

44101-9 

2228-77 

0-06 

2 

22300 

0-67 

13-6 

44864-2 

220608 

010 

2 

2207-0 

It 

13-8 

45316-5 

220628 

010 

2 

>> 

»» 

45331-9 

218307 

0-10 

1 

2182-5 

»• 

140 

467930 

2176-37 

0-10 

1 

2176-8 

0-66 

141 

45934-0 

2165-64 

010 

4 

2165-4 

If 

14-2 

46161-6 

2144-21 

010 

4 

2144-6 

f» 

14-4 

466228 

2133-92 

0-10 

2 

2135-2 

14-5 

46847-6 

211314 

0-10 

2 

2112-2    „ 

0-65 

14-7 

47308-2 

2089-71 

0-10 

t» 

14-9 

47838-6 

2089-02 

0-10 

it 

t» 

47864-4 

2069-96 

010 

064 

15-3 

48294-8 

2067-26 

010 

tt 

() 

48367-9 

2065-62 

010 

>» 

»i 

48398-7 

2010-23 

0-20 

0-63 

16-7 

40729-8 

t2009-31 

0-20 

)( 

„ 

49752-6 

•  See  Tin. 

t  The  spectrum  of  arsenic  shows  no  lines  in  the  visible  spectrum,  but  between 
3000-2000,  the  lines  of  arsenic,  and  in  particular  2288-19  and  2009*31,  constantly 
appear  as  impurities  in  other  metals  and  in  the  carbon  poles.  The  lines  2288-19  and 
2009-31.  given  as  copper  lines  (Report,  1893,  pp.  397,  398),  appear  to  be  due  to 
arsenic.  The  sparkrB^pectTxim  of  arsenic,  on  the  other  hand,  shows  some  fifty  lines  in 
the  visible  portion. 
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Antimony  (Arc  Spectrum). 
Kayser  and  Runge:  '  Abhandl.  konigl.  Akad.  Wiflsenach.  zu  Ucrlin,'  1893. 


1 

Reduction  to 

!     Wave- 

Limit  of 
Error 

Intansitv 

and 
CharactOT 

Previ'^ys  Ueanirements 
(AngstiSm) 

Vacuum 

Oscillation 
FrequciK-y 
in  Vacuo 

!     length 
(Rowland) 

1-66 

1 
A"* 

1  ♦6730-62 

0-20 

2b' 

4-7 

17445-7 

♦5:707'63 

0-20 

In 

ft 

4-8 

17515-6 

♦6660-98 

0-20 

In 

154 

ft 

17660-0 

♦6632-22 

0-20 

4b' 

J, 

ti 

17750-2 

•6568-26 

0-20 

In 

5567-0  Thal^n 

1-52 

4-9 

179541    . 

♦6566-39 

020 

2n 

tf 

tt 

17992-4 

♦5490-60 

0-30 

2 

1-50 

50 

18207-9 

4033-70 

0-03 

4 

4032-0  L.&D. 

111 

70 

24784  1 

3722-92 

003 

4 

3722-4  H.&'A 

103 

7-6 

26863-0 

3637-94 

0-03 

4 

3637-5 

i» 

"  3637  0     .. 

101 

7-8 

27480-3 

3383-24 

0-03 

2 

33820 

0  95 

8-4 

296491 

3267-60 

003 

6r 

3267-6 

jj 

3265-0     „ 

0-92 

8-7 

30594-8 

3232-61 

003 

6r 

3231-6 

» 

3230-8     „ 

0-91 

88 

30926-0 

3029-91 

003 

6r 

30290 

i» 

3028-0     „ 

0-86 

9-4 

32994-9 

2878-01 

003 

lOr 

28771 

i> 

2876-5      „ 

0-82 

10-0 

34736-2 

2861-20 

0-03 

2 

2849-9? 

0-81 

101 

35062-8 

277004 

003 

8r 

2768-9 

t» 

0-79 

10-5 

360901 

2727  32 

0  03 

4 

27261 

»» 

0-78 

10-6 

36655-4 

271900 

0-03 

4r 

2717-9 

tf 

It 

107 

36767-5 

2692-35 

0-03 

4r 

2691-3 

»» 

0-77 

10-8 

37131-5 

2682-86 

0-03 

4r 

2681-7 

)* 

It 

^, 

37262-9 

t2670-73 

003 

6r 

2668-9 

» 

tf 

10-J) 

374320 

2662-70 

003 

4 

2651-7 

ti 

0-76 

11-0 

37686-4 

2614-74 

0-03 

2 

2613-7 

>t 

tf 

111 

38233-6 

2612-40 

0-03 

4r 

2611-3 

»» 

If 

,, 

38267-9 

L'598-16 

0-03 

lOr 

2597-2 

2597  5 

0-75 

11-2 

384776 

2574-14 

003 

2 

2572-7 

If 

It 

n-3 

38836-6 

2564-72 

003 

2 

2553-3 

11 

0-74 

11-4 

39131-8 

t2528-60 

003 

lOr 

25276 

f> 

2628-0     „ 

fi 

11-6 

395360 

2514-64 

003 

1 

2514-5 

}* 

0-73 

«t 

39755-5 

§2510-60 

003 

1 

2509-5 

i» 

ff 

11-7 

39819-4 

2481-81 

003 

1 

2480-4 

ft 

If 

11-8 

40281-4 

2480-50 

0-03 

2 

2479-4 

tt 

,^ 

40,S026 

2474-63 

003 

2 

2473-4 

ff 

0-73 

11-9 

40398  3 

2446-59 

003 

4r 

2444-8 

f» 

0-72 

120 

40877-6 

2426-44 

0-03 

4r 

2425-7 

1* 

24260     ,. 

tf 

12-2 

41200-4 

2422-21 

0-03 

4 

2421-5 

ff 

If 

^^ 

41272-4 

2396-31 

0-03 

2 

2395-3 

0-71 

124 

41735-8 

2383-71 

003 

4 

2383-2 

»» 

2383-3     „ 

II 

,, 

41939-0 

112373-78 

005 

6 

2374-3 

i» 

0-70 

12-5 

42114-4 

2360-60 

0-03 

2 

2361-3 

11 

ft 

12-6 

42349-5 

2362-31 

0-03 

2 

2353  0 

ft 

It 

12-7 

42498-7 

2329-19 

003 

2 

2329-7 

ft 

tf 

12-8 

42920-6 

2311-60 

003 

lOr 

2311-8 

it 

23130     „ 

0-69 

13-0 

43247-1 

2306-56 

003 

8r 

2306-8 

tf 

23100     „ 

tf 

,, 

43341-6 

2293-64 

0-10 

2294-0 

fi 

ft 

13-1 

43587-6 

2289-09 

010 

2288-8 

tf 

tt 

It 

436724 

2262-65 

0-20 

2263-5 

ft 

0-68 

13-4 

44184-5 

2225-06 

0-10 

2226-3 

tf 

0-67 

13-7 

44928-9 

2222-10 

010 

2223-5 

ti 

It 

44988-8 

2220-86 

0-10 

2221-5 

ft 

tt 

t« 

45014-1 

2212-54 

0-10 

2211-3 

It 

13-8 

451831 

2208-65 

010 

22090 

tf 

jt 

f? 

45262-7 
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REPORT — 1894. 


Antimony  (Abo  Spkctrum)— ^mt^mi^. 


Redaction 

Wave- 
length 

Limit 

of 
Error 

Intennty 

and 
Character 

Previona  Meaanrementa 
(Angstrtni) 

to  Vacuam 

Oscillation 
Freqnency 
in  vacuo 

X+ 

1 
X 

2207-86 

0-10 

2 

0-67  !   13-  8 

46278-9    ! 

2203-83 

0-10 

2 

2203-8  H.  &  A. 

tf           •« 

45361-7 

220313 

010 

2 

2202-2      „ 

t* 

13-9 

453761 

2201-46 

010 

4 

2200-3      „ 

M 

tf 

46410*6 

^2179-83 

0-10 

6r 

2179-0     „ 

0-66 

141 

46871-e 

♦♦2176-99 

010 

lOr 

2176-8      „ 

>« 

469420 

2169-32 

0-20 

i } 

2159-4      „ 

/" 

14-3 

46296*6 

215902 

0-20 

S         1 

46803-0 

214610 

0-20 

2144-4      „ 

t» 

14-4 

46603-5 

2141-76 

0-20 

21420      „ 

If 

tf 

46676-2 

2139-89 

0-20 

2139-3     „ 

>« 

ft 

46717-0 

2137-21 

0-20 

2135-7      „ 

tf 

14-6 

46776-6 

2127-56 

0-20 

2126-1      „ 

0-66 

46987-9 

2117-28 

0-30 

2118-0      „ 

J, 

14-6 

47215-8 

2098-47 

0-30 

2096-4      „ 

If 

14-8 

476390 

2079-56 

0-30 

2076-3      „ 

tf 

15-3 

48072-0 

tt2068-64 

0-30 

lOr 

2064-8     „ 

0-64 

>f 

48328-0 

♦  Possibly  not  dae  to  Antimony. 

X  8ec  Silicon.  §  See  Gold. 


f  See  Copper. 


♦♦  See  Lead. 


f  See  Zinc. 
li  See  Iron. 
■ft  See  Tin. 


Bismuth  (Arc  Spectrum). 


Wave- 

Limit of 

Intensity 
Character 

length 
(Rowland) 

Error 

6742-74 

0-20 

4b' 

5652-44 

0-20 

8b' 

5298-52 

0-20 

2b' 

4733-91 

0-20 

4b' 

4722-72 

003 

lOr 

4692-46 

003 

1 

4616-71\ 
4615-27/ 

003 

1 

003 

1 

449316  \ 
4492-79/ 

003 

2 

0-03 

2 

4308-701 
*4308-34/ 

003 

4 

003 

4 

4264-33 

0-03 

In 

412201  1 
4121-69; 

003 

I } 

0-03 

3888-34 

0-03 

1 

388806 

003 

1 

3596-26 

0-03 

4r 

3511-00 

003 

4r 

8406-39 

0-06 

2r 

3397-81 

0-03 

4r 

3076-73 

0-03 

2 

3067-81 

0-03 

lOr 

Previoiig  Measurements 
(^Angstrdm) 


55630  Thal6n 


47220 
4691-5 


41190?, 


3695-7   „      3595-3 
3510-6   „       3510-4 


3396-7 
3075-7 
30671 


3396-2 
30660 


Reduction  to 

Vacunm 

1 

\  + 

\ 

1-57 

47 

1-61 

4-9 

1-46 

5-2 

1-30 

6-8 

1-29 

tf 

1-28 

5-9 

1-26 

60 

1-23 

6-2 

ft 

ft 

1-18 

6-5 

»» 

tf 

1-17 

1-13 

6-8 

,, 

,, 

1-07 

7-3 

ft 

,, 

1-00 

7-8 

0-98 

8-0 

0-96 

8-3 

ft 
0-87 

9-3 

ft 

ft 

Oscillation 
Frequency 
in  Vacuo 


17408-6 
18006-2 
18868-0 
21118-4 
21168-4 
21304-9 
21659-1 
21661*2 
22249-8 
22261-7 
23202-4 
23204-3 
23499-0 
24263-2 
24256-1 
26710-6 
25712-5 
27798-9 
28473-9 
29356-9 
29426-7 
32492*7 
82587-2 
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BlBMUTH 

(AEC  SFB€TRXJU)—eofUinued. 

Reduction  to 

Wave- 
length 
(Itowljuid) 

Limit  of 
Error 

Intensity 

and 
Character 

Previous  Measurements 
(Ingstrttm) 

Vacuum 

Oscillation 
Freooency 
in  Vacuo 

X+ 

1_ 

t3034-99 

0-05 

4b' 

3034-5  Thal^n 

0-86 

9-4 

82989  6 

113024-75 

0-03 

8r 

3023-8   „ 

3023-6 

»i 

9-6 

330511 

2993-4G 

0-03 

8r 

2992-2   „ 

085 

9-6 

33396-6 

298915 

0-03 

8r 

2988-1    „ 

i» 

^, 

33444-7 

2944-38 

010 

In 

2942-4   „ 

0-84 

9-8 

33953-2 

§2938-41 

0-03 

lOr 

2937-6   „ 

2937-4 

0-88 

t» 

84023-2 

289808 

003 

lOr 

2897-2   „ 

2897-0 

0-82 

9-9 

84495-7 

2892-98 

0-10 

In 

f> 

100 

34556-4 

2883-88 

010 

In 

»» 

tt 

34665-5 

2863-86 

0-05 

4 

2862-5   „ 

28620 

0-81 

10-1 

84907-8 

2809-74 

003 

8r 

2808-4H.&A.2810-0L.  &  D. 

0-80 

10-3 

85580-2 

2798-76 

003 

4 

2798-0   „ 

2799-0     „ 

^^ 

10-4 

35719-8 

2780-57 

003 

8r 

2779-3   ., 

2780-0     ., 

0-79 

tt 

35963-4 

2730-61 

0-03 

6r 

2729-3   „ 

27300     „ 

0-78 

10-6 

36611-2 

2696-84 

003 

6r 

2695-6   „ 

0-77 

108 

37069-6 

2627-99 

0-03 

8r 

26270   „ 

0-76 

11-1 

88040-8 

2600-73 

003 

1 

0-75 

11-2 

38439-6 

259414 

005 

1 

0-76 

11-2 

38537-2 

258217 

003 

2 

2581-5   „ 

»« 

11-3 

38715-8 

2532-66 

0-60 

4n 

2531-9   „ 

0-74 

11-6 

39472-5 

2524-58 

0-03 

8r 

2623-5   „ 

25240     „ 

»> 

11-6 

39599-0 

2616-72 

003 

6r 

2514-3   „ 

2515-4     „ 

0-73 

tt 

89738-4 

2499-68 

003 

2 

24991    „ 

»i 

11-7 

89995-0 

2489-6 

200 

6b 

2489-1    „ 

91 

118 

40167-2 

2448-15 

003 

4 

2447  2   „ 
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*  See  Strontinm. 


t  See  Potassium. 


See  Gold.  §  See  Silver. 
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Isomeric  NaphihcUene  Derivatives. — Eighth  Report  of  the  Committee^ 
consisting  of  Professor  W.  A.  Tilden  and  Professor  H.  E.  Arm- 
strong.    (Drawn  up  by  Professor  Armstrong.) 

The  Conversion  of  SuIphocJdorides  into  the  corresponding  Chloro- 
derivatives. — In  the  case  of  naphthalene  derivatives  no  interaction  is  of 
greater  practical  importance  than  that  which  occurs  when  sulphochlorides 
are  heated  with  phosphorus  pentachloride,  whereby  they  are  converted 
into  chloro-derivatives.  At  one  time  it  was  argued  that  reliance  could 
not  be  placed  on  this  interaction  as  a  means  of  determining  constitu- 
tion, but  of  late  years  no  such  objection  has  been  raised,  and  the  idea 
that  isomeric  change  may  attend  the  displacement  of  the  sulphonic  radicle 
by  chlorine  appears  to  have  been  abandoned.  The  results  obtained, 
especially  by  Cleve  and  by  Dr.  Wynne  and  the  writer,  are  so  uniformly 
consistent  inter  se  that,  bearing  in  mind  the  extent  of  the  iield  covered, 
there  is  no  longer  room  for  doubt.  Observations  made  during  the  past 
year  are  of  interest  as  throwing  light  on  the  nature  of  the  interaction. 

There  have  long  been  instances  on  record  of  the  conversion  of  sulpho- 
chlorides into  corresponding  chloro-derivatives  and  sulphur  dioxide 
(RSOjClssRCl  +  SOj)  by  mere  distillation.  The  successful  use  recently 
made  of  this  method  in  the  writer's  laboratory  in  preparing  chloro-  and 
bromo-derivatives  of  camphor  by  Dr.  Kipping  and  Mr.  Pope  has  led  him 
and  Dr.  Wynne  to  systematically  study  the  behaviour  of  naphthalene 
sulphochlorides,  which  they  had  long  known  underwent  decompoBition, 
evolving  sulphur  dioxide,  when  heated.  The  conclusion  arrived  at  is  that, 
in  all  probability,  phosphorus  pentachloride  acts  merely  by  facilitating  the 
resolution  of  the  sulphochloride  into  sulphur  dioxide  and  the  chloro-deriva- 
tive  by  attacking  the  former  and  converting  it  into  thionyl  chloride  ;  and 
that,  in  fact,  the  chlorine  in  the  chloro-derivative  is  not  improbably  the 
original  chlorine  of  the  sulphochloride  and  not  chlorine  derived  from  the 
pentachloride.  In  most  cases  the  amount  of  chloro-derivative  produced 
by  directly  distilling  the  sulphochloride  is  inferior  to  that  obtained  by  means 
of  pentachloride,  as  the  decomposition  is  facilitated  by  the  chloride,  and 
therefore  takes  place  at  a  lower  temperature  in  its  presence.  There  is 
always  more  or  less  of  a  resinoid  condensation  product  formed  on  distilling 
the  sulphochloride,  but  the  amount  is  in  some  cases  very  small,  while  in 
others  practically  nothing  else  is  obtained.  On  the  other  hand,  in  the 
ease  of  compounds  which  are  very  readily  chlorinated,  the  method  permits 
of  the  production  of  chloro-derivatives  corresponding  to  the  sulpho- 
chlorides which  are  almost  unprocurable  from  them  by  the  ordinary  method. 
For  example,  1  :  I'-chloronaphthalenesulphonic  chloride  yields  a  very  large 
proportion  of  1  :  I'-dichloronaphthalene  when  distilled,  although  when 
heated  with  phosphorus  pentachloride  it  is  almost  entirely  converted  into 
1  :  4  :  1'  trichloronaphthalene.  The  a -sulphochlorides  appear  all  to 
decompose  more  readily  and  to  yield  a  larger  proportion  of  chloro-derivative 
than  do  the  /S-sulphocUorides.  It  may  be  aidded  that,  taking  into  account  the 
readiness  with  which  change  occurs  during  sulphonation,  the  non-occurrence 
of  isomeric  change  on  distilling  sulphochloricfes  is  probably  significant. 

Bromo-derivatives  of  Naphthalene. — The  conversion  of  naphthalene 
sulphobromides  into  corresponding  bromonaphthalenes  by  means  of  phos- 
phorus pentabromide  is  attended  with  great  difficidty,  as  the  bromide 
frequently  acts  almost  exclusively  as  a  brominating  agent,  owing  to  the 
readiness  with  which  it  is  resolved  into  the  terbroraide  and  bromine.    Far 
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better  results  are  obtained  in  many  cases  by  merely  distilling  the  sulpho- 
bromide,  although  the  formation  of  higher  bromo-derivatives  is  not 
entirely  avoided.  During  the  year  Mr.  Jenks  and  the  writer  have 
made  considerable  progress  in  completing  the  series  of  bromonaphtha- 
lenes  (di-  and  tri-derivatives),  and  in  determining  the  nature  of  the 
sulphonic  acids  prepared  from  the  dibromonaphthalenes  by  Mr.  Rossiter 
and  the, writer. 

One  result  of  which  mention  may  be  made  relates  to  the  tribromo- 
naphthalene  obtained  by  Jolin  by  distilling  nitro-l  :  4-dibromonaph- 
thalene  with  phosphorus  pentabromide,  which  hitherto  has  always  been 
represented  as  the  1  :  4  :  1'  derivative,  apparently  because  it  is  supposed 
that,  as  a  rule,  a-nitro-compounds  are  formed  on  nitrating  naphthalene 
derivatives.  Judging  from  the  low  melting-point  of  the  tribromonaph- 
thalene  in  question,  it  is  improbable  that  it  is  a  tri-a-derivative,  as  such 
a  tribromonaphthalene  should  melt  at  a  much  higher  temperature.  The 
accuracy  of  this  conclusion  is  established  by  the  observation  that  1  :  4- 
dibromonaphthalene  hetero-ft-awlphonic  bromide  is  converted  by  distilla- 
tion into  a  tribromonaphthalene  which  is  undoubtedly  identical  with  that 
prepared  from  nitro-l  :  4-dibromonaphthalene. 

Attempts  to  devise  a  satisfactory  method  of  preparing  1  :  T-dibromo- 
naphthalene  had  been  made  by  Mr.  Jenks  and  the  writer  prior  to 
Meldola's  discovery  of  this  modification,  and  as  these  have  been  continued 
to  a  successful  issue  reference  may  be  made  to  the  subject.  The  first 
method  devised  involved  brominating  the  acetyl  derivative  of  Guareschi's 
1  :  4'  bromonaphthylamine,  prepared  by  brominating  nitronaphthalene, 
&c, ;  this  readily  affords  what  appears  to  be  a  1  :  I'-dibromacetnaphthalide, 
but  the  greatest  difficulty  has  been  experienced  in  hydrolysing  this 
compound. 

A  second  method  consists  in  nitrating  1  :  4-bromonaphthalene  sulpho- 
chloride.  A  1  :  r-nitrobromosulphochloride  is  readily  obtained,  but, 
although  the  chief  product,  it  is  by  no  means  the  only  one. 

A  third  and  far  simpler  method  consists  in  heating  1  :  4-bromonaph- 
thalene sulphochloride  with  bromine  and  subsequently  hydrolysing  the 
1  :  1-dibromosulphochloride,  which  is  almost  the  exclusive  product  when 
the  operation  is  properly  carried  out. 

Although  it  is  known  that  naphthalene-/3-sulphonic  acid  is  very  readily 
converted  into  1  :  4-dibromonaphthalene  Actero-/i-sulphonic  acid,  the  order 
in  which  the  bromine  atoms  enter  has  not  been  determined ;  and  it  is,  in  fact, 
difficult  to  arrest  the  action  at  an  intermediate  stage,  the  tendency  to  form 
the  dibromo-derivative  being  very  great.  Mr.  Stallard,  however,  having 
kindly  placed  a  quantity  of  monobrominated  /3-sulphonate  at  the  writer's 
dispell,  it  has  been  ascertained  that  it  is  an  a  i -bromo-Z^s'-derivative. 
By  heating  naphthalene-/3-sulphochloride  with  a  molecular  proportion  of 
bromine  a  very  satisfactory  amount  of  1  :  3'-bromosulphochloride  is  readily 
obtained.  The  *  repellent '  influence  of  an  acid  radicle  is  clearly  brought 
out  by  these  results,  as  /3-bromonaphthalene  yields  1  :  2  -dibromonaph- 
thalene  when  brominated. 

It  is  well  known  that  there  is  often  great  difficulty,  especially  in  the 
case  of  a-naphthol  and  ci-naphthylamine,  in  obtaining  satisfactory  yields 
of  bromo-derivatives,  a  considerable  amount  of  by-product  being  formed, 
the  nature  of  which  has  not  been  understood  hitherto.  Some  light  has 
been  thrown  on  the  nature  of  these  products  by  observations  made  by  Mr. 
Jenks  and  the  writer. 
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Following  the  directions  given  by  Cosiner  and  by  Glaus  and  Phillipson, 
monobrom  /3-acetnaphthalide  was  prepared  by  mixing  bromine  with 
/3-acetnaphthalide  dissolved  in  acetic  acid ;  although  the  conditions  were 
greatly  varied,  the  amounts  of  pure  product  obtained  were  in  all  cases  very 
unsatisfactory,  rarely  exceeding  25  per  cent.  The  main  product  was  a 
crystalline  substance,  more  soluble  in  alcohol  than  monobromo-/^acetnaph- 
thalide,  but  almost  insoluble  in  acetic  acid,  ethylic  acetate,  chloroform, 
xylene  and  water.  When  digested  with  a  weak  solution  of  caustic  soda 
this  substance  is  converted  into  monobromo-/3-acetnaphthalide,  and  the 
same  effect  is  produced  by  digesting  it  with  a  solution  of  either  sulphurous 
acid  or  potassium  iodida  It  appears  to  be  probable  that  this  substance 
contains  the  elements  of  a  molecule  of  bromo-/)-acetnaphthalide  and  a 
molecule  of  bromine ;  such  a  compound  would  contain  56*6  per  cent,  of 
bromine.  The  highest  amount  found  was  52  per  cent. ;  but  as  the  substance 
undergoes  decomposition  when  recrystallised  from  alcohol,  it  cannot  be 
obtained  pure.  It  is  not  produced  by  brominating  bromo-/3-acetnaphtha- 
lide,  and  therefore  is  probably  formed  together  with  it,  being  perhaps  an 
addition  compound,  such  as  is  repre.sented  by  the  formida 

Br, 
/\/\(NH.Ac)Br. 


By  digesting  the  crude  product  of  the  action  of  a  single  molecular 
proportion  of  bromine  on  one  of  /3-acetnaphthalide  with  a  weak  solution  of 
caustic  soda,  and  then  recrystallising  from  spirit,  as  much  as  75  per  cent. 
of  the  theoretical  yield  of  bromo-/3-acetnaphthalide  can  be  obtained. 

Mule  expressive  of  the  Formation  of  SiUphonic  Acids. — Dressel  and 
Kothe,  in  a  recent  most  interesting  paper,  ^  have  taken  exception  to  the 
*  rule '  suggested  by  Dr.  Wynne  and  the  writer,  referred  to  in  previous 
reports,  that  there  is  an  *  invincible  objection '  on  the  part  of  two  sulphonic 
groups  to  remain  in  either  contiguous,  or  para-,  or  peri-positions  ;  they  have 
described  a  tri-  and  a  tetra-sulphonic  acid,  each  containing  two  sulphonic 
radicles  in  contiguous  /3  /3  positions.  We  shall  have  occasion  to  discuss 
their  results  when  the  investigation  of  the  changes  attending  sulphona- 
tion — the  most  difficult  and  complex  chapter  of  the  subject — ^is  somewhat 
further  advanced.  It  is  only  necessary  to  say  that  the  *  rule '  was  merely 
an  expression  of  the  results  up  to  that  time  obtained,  and  was  never 
intended  as  a  final  statement. 


Ths  Investigation  of  the  Cave  at  ElboUon, — Report  of  tlie  Committee, 
consisting  of  Mr.  R.  H.  Tiddeman  {Chairm'j.n)^  Rev.  Edward 
Jones  {Secretary),  Sir  John  Evans,  Dr.  J.  G.  Garson,  Mr.  W. 
Pengelly,  and  Mr.  J.  J.  Wilkinson,  appointed  to  ascertaimvJiether 
the  Remains  of  PaUeolithic  Man  occur  in  tlie  Lower  Cave  Earth, 

The  work  of  excavation  in  this  cave  has  now  ceased.  Since  our  last 
report  the  dibris  from  the  cave  mouth  has  been  cleared  away,  and  in  some 
material  that  was  taken  from  the  upper  Neolithic  layer  a  flint  flake  was 

»  Berichte,  1894,  27, 1193-1210. 
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found.  Hitherto  no  flint  tools  had  been  disoovered.  A  further  depth  of 
10  feet  was  sunk  to  the  bottom  of  tiie  fissure,  through  a  bed  of  sand  and 
gravel,  but  no  bones  were  founds  The  fissure  still  continues,  being  now 
only  5  to  6  feet  in  width.  A  total  thickness  of  60  feet  has  now  been 
removed  beneath  the  original  cave  floor.  While  an  enormous  quantity 
of  bones  have  been  obtained  from  the  lower  layer,  yet  no  trace  of  Palieo- 
lithic  man  has  been  noticed,  and,  as  this  was  the  special  purpose  of  the 
investigation,  the  Committee  decided  to  bring  the  work  to  a  close. 


4.  Note  on  Mcun-ooaris  Oarhyi. 

5.  Small  Bitkeria^  undcscribed,  from  the 

Coal-measures. 

6.  Litheria  Dawtoni  from  Nova  Scotia. 


Fo8siL  Pkyllopoda  of  the  Palceozoic  Rocks. — Eleventh  Repmi,  of  tlie 
Committee,  consisting  of  Professor  T.  Wiltshire  {Chairman)^ 
Dr.  H.  Woodward,  and  Professor  T.  Rupert  Jones  (Secretin^/). 
(Drawn  up  by  Professor  T.  Rupert  Jones.) 

CoNTBins. 

1.  Elymooarii  Hindei^  sp.  nov. 

2.  Abdominal  segments  of  a  Pbyllocarld 

from  Moffat. 

3.  I/iseinoearU   and   AptyehopsU   from 

MofEat. 

1.  A  NEW  species  of  Beecher's  phyllocaridal  genus  Elymocarisy  from  the 
collection  of  Dr.  G.  J.  Hinde,  F.Q.S.,  has  been  figured  and  described 
in  the  'Geological  Magazine'  for  July  1894,  p.  292,  pi.  ix.  fig.  7.  It  was 
found  at  Arkona,  Ontario,  Canada,  in  the  Hamilton  group  of  the  Middle 
Devonian  series. 

Its  nearest  known  ally  is  Elyinocaria  capaella  (Hall  and  Clarke),  from 
the  Hamilton  group  of  New  York  State,  'Palaeont.  New  York,'  vol.  vii. 
1888,  p.  181,  pi.  xxxi.  fig.  4.  It  differs,  however,  in  details  of  outline, 
ornament,  and  ocular  spot.  The  new  species  is  named  E,  Hindeiy  after  its 
discoverer. 

2.  Two  imperfect  sets  of  abdominal  segments,  impressed  on  a  piece  of 
Moffat  Shale  (from  Garpel  linn),  have  been  noticed  m  association  with  a 
carapace  of  Discinocaris  Bitnvniana,  and  therefore  probably  belonging  to 
individuals  of  either  that  genus  and  species,  or  of  Aptychapsis,  or  possibly 
Feltocaris,  which  also  occur  in  the  Moffat  Shales.  The  two  above-mentioned 
specimens  are  figured  and  described  in  the  *  Geological  Magazine '  for  July 
1894,  p.  291,  pi.  ix.  figs.  4a,  46.  Fig.  3  shows  the  associated  carapace. 
They  belong  to  the  Carlisle  Museum. 

We  have  noticed  simOar  abdominal  segments,  but  differing  somewhat 
in  size,  associated  with  Hymenocaris  in  the  Tremadoc  slates,  and  with 
Ceratiocaris  in  the  Upper  Silurian  beds.  As  such  body-rings  belong  to 
various  groups  of  these  low-class  Crustacea,  it  is  not  extraordinary  that 
the  above-mentioned  genera  should  each  possess  the  same  kind  of  structure 
in  the  abdominal  region. 

3.  A  good-sized  Discinocaris  Browniana  and  the  moiety  of  a  rather 
large  Aptychopsis  Wilsonif  preserved  in  the  Carlisle  Museum,  have  also 
been  described  and  figured  in  the  July  number  of  the  *  Geological  Magazine,' 
1894,  p.  292,  pi.  ix.  figs.  5  and  6.     They  are  typical  of  the  Moflat  Shales. 
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4.  It  may  be  remarked  that  the  figured  interior  of  the  bipartite  carapace 
of  Macrocaris  Gorhyi,  Miller,  referred  to  in  our  Tenth  Report,  at  page  468, 
'  Report  British  Association '  for  1893,  appears  (if  looked  at  upside  down) 
very  much  to  resemble  some  of  the  bivalved  Aptychopses  figured  in  the 
'  Monograph  of  Palaeozoic  Phyllopoda,'  Pal.  Soo.,  1892,  pi.  zv.,  but  with 
a  more  acutely  sagittate  outline,  and  without  the  definitely  concentric 
umbonal  striie. 

If  the  carapace  in  the  drawing  (fig.  43)  exposes  its  '  interior/  it  seems 
to  lie  unconformably  with  respect  to  the  body-rings,  for  they  appear  to  be 
covered  by  the  carapace  upside  down.  If  it  normally  covered  the  body, 
it  would  show  its  exterior. 

Is  it  possible  that  after  death,  the  attachments  of  the  body  and  cara- 
pace having  been  loosened,  the  carapace  turned  quite  over,  and  the  parts 
of  the  animal  floated  into  a  position  reverse  to  what  they  held  in  life  ? 
Or  have  we  here  two  valves  and  an  imperfect  body  of  an  Aptychopsig 
which  during  decay  were  washed  into  a  reversed  position — that  is,  with 
the  abdomen  projecting  from  the  anterior  region,  as  is  not  unusual  with 
some  fossil  CercUiocaridce  f 

5.  By  favour  of  Dr.  Wheelton  Hind,  F.G.S.,  we  have  very  lately  seer, 
from  Mr.  George  Wild's  collection,  some  pyritous  specimens  of  what  seem 
to  be  a  very  small  Estheria  in  shale  from  the  roof  of  the  Bullion  Coal, 
Lower  Coal-measures,  lately  worked  at  Trawden,  near  Golne,  in  North-east 
Lancashire. 

6.  A  specimen  of  Eatheria  Dawaoni,  Jones  (*  Geol.  Mag.,'  1870,  p.  220, 
pi.  ix.  fig.  15;  ibid.y  1876,  p.  576;  ibid,,  1878,  p.  101,  pi.  iii.  fig.  2),  has 
been  obtained  from  the  vicinity  of  Five-Islands,  Nova  Scotia,  by  Mr.  H. 
Fletcher,  of  the  Geological  Survey  of  Canada.  Like  a  former  specimen, 
it  may  be  from  the  Horton  Series  ;  and  has  been  sent  by  Sir  W.  Dawson, 
F.R.S.,  of  Montreal,  for  our  examination. 


"Exploration  of  the  Calf  Hole  Cave  at  the  Heights^  ShyretliomSj  near 
Skipton. — Beport  of  the  Committee,  consieting  of  Mr.  R.  H.  Tiddeman 
{Chairman),  Rev.  E.  JoNES  (Secretary),  Professor  W.  BoYD  Daw- 
kins,  Professor  L.  C.  Miall,  Mr.  P.  F.  Kendall,  Mr.  A.  Birt- 
WHiSTLE,  and  Mr.  J.  J.  Wilkinson. 

This  cave  lies  on  the  west  side  of  a  limestone  scar  on  the  Heights  Farm, 
and  its  entrance  is  about  30  feet  above  the  plain  at  the  foot  of  the  scar. 
The  entrance  chamber  is  33  feet  long  and  from  14  feet  to  26  feet  in  width. 
A  well-buttressed  column  of  rock  supports  the  roof,  forming  two  archway 
entrances  to  the  cave.  The  outlook  westward  from  these  entrances  is  very 
fine,  and  the  platform  would  be  of  value  to  prehistoric  man  as  a  shelter. 
At  the  north-east  corner  of  the  entrance  chamber  is  another  cave,  here 
8  feet  wide,  and  which  after  a  short  course  of  10  feet  turns  eastward. 
This  latter  cave  was  originally  blocked  up,  and  a  former  tenant  of  the 
farm  attempted  to  open  it  out.  He  found  a  few  worked  flints,  a  long  iron 
spear-head,  and  the  bones  of  numerous  small  mammals.  But  the  ignorance 
and  want  of  skill  of  the  workers  made  their  finds  of  little  value.  In 
August  of  1893  your  Secretary  made  some  experimental  trenches  in  the 
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entrance  chamber.  In  one  cutting  on  the  east  side  of  the  pillar,  at  a  depth 
of  18  inches,  a  remarkable  and  unique  implement  was  found  resting  on  a 
bed  of  clay.  The  tool  consists  of  a  haft  6  inches  long  of  reindeer  antler 
with  a  socket  at  the  upper  end.  A  well-rounded  hole  half  an  inch  in 
diameter  has  been  made  through  the  haft.  The  circumference  of  the  haft 
is  4|  inches  at  the  socket  and  5|  inches  at  the  other  end.  Into  the  socket 
has  been  well  inserted  a  large  tooth,  forming  a  powerful  chisel,  which 
would  be  of  great  value  to  its  possessor.  The  hole  in  the  middle  of  the 
haft  might  be  for  the  insertion  of  a  thong  to  be  fastened  round  the 
waist.  The  character  of  the  tooth,  whether  boar  or  hippopotamus,  has 
not  yet  been  ascertained.  Another  trench  was  cut  towards  the  little 
cave,  and  here,  near  the  surface,  were  found  a  neat  flint  saw  and  a  flint 
flake. 

Since  the  last  meeting  of  the  Association,  and  with  the  aid  of  the  small 
grant  given  to  us,  much  preliminary  work  has  been  done  to  render  possible 
a  thorough  and  orderly  exploration.  The  material  that  had  been  taken 
out  of  the  little  cave  by  the  previous  explorers  and  placed  in  the  entrance 
chamber  was.  first  cleared  away.  Thin  *  spits '  of  about  6-inch  layers  were 
taken  successively  from  the  surface  of  the  entrance  chamber,  carefully 
examined,  and  then  tipped  outside  the  cave.  The  top  layer  of  2  or  3 
inches  was  of  loamy  clay,  crowded  with  bones  of  small  animals,  frogs,  rats, 
voles,  &c.  Beneath  this  was  a  layer,  varying  from  a  foot  to  18  inches  thick, 
of  darkened  earth  containing  angular  fragments  of  limestone,  some  burnt 
sandstones,  bones  of  sheep,  horse,  fox,  badger,  rabbity  hare  and  otter,  bits 
of  charcoal  and  charred  bird-bones.  In  this  layer  a  few  flints  were 
found,  and  at  the  bottom,  resting  on  the  clay,  was  the  hafted  tool.  This 
implement  is  thus  most  likely  of  Neolithic  age,  though  it  was  found 
on  the  top  of  the  more  ancient  layer  which  contained  the  bones  of 
bison,  &c. 

The  lower  layers  consist  so  far  of  irregular  beds  of  washed-in  stuff, 
stiff  clay,  then  sandy  clay  over  patches  of  gravel  and  sand.  In  this 
material  are  rounded  boulders  of  both  grit  and  limestone,  together  with 
pieces  of  stalagmite.  On  none  of  the  boulders  have  we  noticed  any  ice- 
scratches.  Fragments  of  bones  are  interspersed  throughout  the  mass, 
sometimes  emb^ded  in  the  patches  of  stiff  clay  as  well  as  in  the  gravel 
and  sands.  These  bones  are  of  very  different  character  from  those  found 
in  the  upper  layers.  They  are  mostly  dark  in  colour,  much  mineralised^ 
and  thus  heavy.  The  bones  so  far  identified  belong  to  the  bison,  reindeer, 
i*oebuck,  horse,  and  grizzly  bear.  Some  show  evidence  of  having  been, 
gnawed.  Most  of  them  are  very  fragmentary,  often  only  sharp  splinters. 
From  the  current  bedding  it  seems  that  the  bones  must  have  been  washed 
into  the  cave  by  the  same  means  as  the  grits  and  limestone  boulders.  The 
finds  are  not  abundant ;  yet  from  the  variety  obtained  the  excavatioik 
promises  to  be  interesting  in  confirming  the  lists  of  Pleistocene  fauna  that 
have  been  found  in  other  parts  of  North-east  Yorkshire. 

The  Committee  are  indebted  to  Sir  Matthew  Wilson  for  permission  to- 
explore  on  his  estate,  and  for  his  kindly  co-operation  in  their  work. 


1894. 
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The  Colkctionj  Preservation,  and  Sysiemaiic  Registration  of  Photographs 
of  Geological  Interest  in  tJie  United  Kingdom. — Fifth  Report  of  the 
Committeey  consisting  of  Professor  James  Geikib  (Chairman), 
Professor  T.  G.  Bonney,  Dr.  Tempest  Anderson,  Dr.  Valentine 
Ball,  Mr.  James  E.  Bedford,  Professor  W.  Boyd  Dawkins, 
Mr.  Edmund  J.  Garwood,  Mr.  J.  G.  Goodchild,  Mr.  Wiluam 
Gray,  Mr.  Robert  Kidston,  Mr.  Arthur  S.  Reid,  Mr.  J.  J.  H. 
Teall,  Mr.  R.  H.  Tiddeman,  Mr.  W.  W.  Watts,  Mr.  Horace 
B.  Woodward,  and  Mr.  Osmund  W.  Jeffs  (Secretary).  (Dromi 
up  by  the  Secretary,) 

Since  the  last  Report,  presented  at  the  Nottingham  meeting  of  the  Asso- 
ciation, your  Committee  have  been  enabled  to  add  215  photographs  to 
their  collection,  which  has  now  reached  a  total  of  1,055.  This  number, 
again,  shows  a  gratifying  increase  as  compared  with  the  two  previous  years. 
The  majority  of  these  were,  however,  received  late  in  the  year,  and  it  has 
been  found  impossible  to  have  them  all  arranged  for  exhibition  before  the 
date  of  the  opening  meeting  at  Oxford.  Your  Committee,  therefore, 
respectfully  suggest  reappointment  for  another  year  at  leasts  in  order  to 
enable  a  complete  and  revised  catalogue  to  be  drawn  up,  which  would  be 
more  valuable  for  reference  than  the  partial  lists  appearing  in  the  various 
annual  reports.  During  the  next  year  it  is  hoped  that  societies  who  have 
been  for  some  time  engaged  in  the  work  of  systematic  photography  of 
geological  sections  in  their  districts,  but  have  not  yet  sent  in  the  results 
obtained,  will  be  able  to  make  further  progress  with  the  work  and  enable 
the  Committee  to  make  their  own  collection  more  complete.  The  col- 
lection has  now  assumed  such  proportions  that  a  rearrangement  of  a  more 
systematic  character  than  has  hitherto  been  possible  has  become  neces- 
sary, and  with  the  additions  that  are  expected  from  various  sources  this 
rearrangement  in  suitable  albums  and  cases,  duly  indexed,  will  occupy 
.  some  time. 

The  question  of  the  location  of  the  large  number   of  photographs 

now  obtained  has  received  the  serious  attention  of  the  Committee,  and 

.  they  have  recommended  to  the  Council  that  the  collection  be  deposited  at 

the  Museum  of  Practical  Geology,  London,  where,  in  their  opinion,  it 

would  be  most  accessible  to  the  general  public  for  purposes  of  reference. 

At  a  meeting  of  the  Committee  held  during  the  Nottingham  meeting 
several  matters  were  discussed  bearing  upon  the  furtherance  of  the  objects 
for  which  the  Committee  were  appointed.  The  various  local  societies  have 
been  again  urged,  by  circular,  to  assist  the  scheme  of  the  Committee  with 
the  object  of  completing  a  national  collection  of  photographs,  to  serve  as  a 
photographic  survey  of  the  geology  of  our  own  country. 

The  Committee,  having  invited  the  views  of  members  who  are  practical 
photographers  as  to  the  most  suitable  form  of  camera  for  geological  field 
work,  beg  to  tender  their  thanks  to  Drs.  Tempest  Anderson  and  H.  J. 
Johnston- Lavis,  and  to  Messrs.  Wilbert  Goodchild,  A.  R.  Hunt,  C. 
Defieux,  and  F.  N.  Eaton  for  suggestions  and  assistance  rendered.  It 
still  appears  to  be  difficult  to  recommend  a  particular  form  of  instrument, 
as  almost  every  photographer  has  his  own  favourite  camera,  and  the 
apparatus  required  varies  with  the  class  of  work  to  be  undertaken  in  the 
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field.  It  is  proposed,  however,  to  give  in  the  next  Report  some  hints 
which  maj  be  of  use  to  those  engaged  in  photographing  rocks  and  other 
geological  features. 

Among  the  donations  of  photographs  added  to  the  collection  daring 
the  past  year  are  several  of  great  scientific  value  as  illustrations  of  geologi- 
cal interest.  The  Committee  desire  to  record  their  obligations  to  the 
following  donors  of  photographs  : — The  Belfast  Naturalists'  Field  Club, 
Croydon  Natural  History  and  Microscopical  Society,  Leicester  Literary 
and  Philosophical  Society,  the  Manchester  Geographical  Society,  and  the 
Perthshire  Society  of  Natural  Science  ;  Miss  Mary  K.  Andrews,  Dr. 
Valentine  Ball,  Messrs.  F.  J.  Allen,  W.  H.  Alexander,  Montagu  Browne, 
R.  G.  Brook,  Henry  Coates,  F.  N.  Eaton,  H.  D.  Gower,  Wm.  Gray, 
Wilbert  Goodchild,  E.  J.  Garwood,  W.  Lamont  Howie,  H.  L.  P.  Lowe, 
J.  G.  McDakin,  G.  A.  Piquet,  H.  Preston,  C.  J.  Watson,  and  R.  Welch. 
The  Belfast  Naturalists'  Field  Club  have  contributed  an  exceedingly 
valuable  series  of  photographs  illustrating  the  Antrim  chalks  and  basalts, 
together  with  some  fine  examples  of  marine  denudation.  The  extensive 
series  of  whole-plate  prints,  taken  by  Messrs.  J.  Burton  and  Sons  for  the 
Leicester  Literary  and  Philosophical  Society  (for  which  the  Committee  are 
indebted  to  the  good  offices  of  Mr.  Montagu  Browne),  afford  some  charac- 
teristic  examples  of  the  advantageous  application  of  photography  to 
geological  illustration. 

The  following  suggestions  have  been  received  as  to  suitable  sections, 
^c,  of  which  photographs  are  desirable,  and  the  Committee  hope  that 
some  photographer  in  the  localities  mentioned  will  be  able  to  undertake 
the  work  : — 

Mr.  H.  C.  Beaslet'  (ffon.  Sec,  Liverpool  Geological  Society). 

Section  in  quarry  (50  feet)  between  Rednall  and  Kendall  End,  Lickey  HUlSf 
showing  fault  with  contortions  in  the  Lickey.  quartzite. 

Dr.  C.  Callaway,  F,G,S.  (Wellinffton,  Salop). 

Section  of  Uriconian  tuffs  and  conglomerates  in  large  quarry  at  Lawrence  Hill  at 
the  foot  of  the  Wrekin,  two  miles  from  the  railway  station,  Wellington,  Shropshire^ 

Section  of  Longmyndian  conglomerate  by  the  side  of  the  road  at  Bagston  Hill, 
two  miles  south  of  Shrewsbury. 

Section  of  May  Hill  Sandstone  resting  unconformably  upon  Lower  Ordovician 
rocks  at  Hope,  two  miles  from  Minsterley  Station,  Shropshire. 

Section  of  contorted  Ordovician  strata  at  Hope,  near  Minsterley. 

Sections  of  Wenlock  limestone  around  Much  Wenlock,  Shropshire. 

Section  of  passage  beds  between  Wenlock  limestone  and  Wenlock  shale,  on  the 
road  from  Wenlock  down  to  Harley,  about  one  mile  from  Wenlock. 

Section  of  basal  Carboniferous  beds  resting  on  Wenlock  shale  in  road  called 
Jigger's  Bank,  about  a  mile  from  Coalbrookdale  Station,  Shropshire. 

Sections  of  waterstones  (Lower  Keuper),  with  perhaps  slabs  of  footprints  of 
Mhyjiohoaauruif  at  Qrinshill,  near  Yarton  Station,  Shropshire. 

Sections  of  glacial  sands  at  Ketley,  one  mile  from  Wellington,  Shropshire. 

Treland. 

Near  Londonderry.  West  of  the  *B  ot  *  Bumf  oof  on  the  one- Inch  Ordnance 
map.    Quarry.    Grit  and  black  schist  contorted. 

Near  Buncrana.  On  shore  near  Ned's  Point.  Examples  of  contortion  and  over- 
thrust. 

Between  Buncrana  and  Fahan,  nair  Fahan.  On  the  shore.  Fine  examples  of 
crushing  and  contortion. 
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Galway  town.  East  of  town,  on  shore.  Gneisses  seen  in  orag  sections.  Verj- 
cnrioofi,  made  by  fragments  of  hornblende  rock  in  granite. 

Lisoughter,  Western  Galway.    Ophicalcite  quarries. 

Glen&lough,  ditto.  South  of  the  hotel.  Crags  showing  granite  running  along 
joints  of  diorite. 

Mr.  J.  W.  WooDALL,  F.G.S.  (St.  Nicholas  House,  Scarborough), 
suggests  the  desirability  of  having  photographs  taken  of  the  series  of 
sections  on  the  Yorkshire  coast  from  Bedcar  to  Flamborough  Head,  and 
will  be  glad  to  give  assistance  to  photographers. 

The  following  table  shows  the  number  of  photographs  registered  since 
the  issue  of  the  Report  for  1893  : — 

England  and  Wales  : 

Camberland 5 

Denbighshire 3 

Derbyshire 3 

Gloucestershire 1 

Kent 3 

Lancashire 2 

Leicestershire 31 

Merionethshire 1 

Monmoathshire 1 

Norfolk 2 

Northumberland 11 

Surrey 2 

Someri^et 10 

Warwickshire 6 

Westmoreland 5 

Yorkshire 3 

—  89 
Scotland  : 

Edinburgh 32 

Perth 10 

—  42 
*            Channel  Islands 1 

Ibeland : 

Abtrim 39 

Down 26 

Galway 1 

Fermanagh 1 

Dublin 12 

Donegal 5 

—  83 

Total 215 

General  Summabt. 

England  and  Wales 68fr 

Scotland 12^^ 

Ireland 20ft 

Channel  Islands ^ 

Isle  of  Man 23 

Microscopical  sections 12 

Total 1,055 

FIFTH  LIST  OF  GEOLOGICAL  PHOTOGRAPHS. 

(to  august  1894.) 

Note — This  list  contaiDS  the  subjects  of   geological  photographs^ 
4»pies  of  which  have  been  received  by  the  Secretary  of  the  Committee 
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since  the  publication  of  the  last  Report  Photographers  are  asked  to 
alHx  to  their  negatives  the  registered  numbers,  as  given  below,  for  con- 
venience of  future  reference. 

Copies  of  photographs  desired,  and,  in  many  cases,  lantern  slides,  can 
usually  be  obtained  either  from  the  photographer  direct  or  from  the 
officers  of  the  local  society  under  whose  auspices  the  views  were  taken. 

The  price  at  which  prints  or  lantern  slides  may  be  obtained  depends 
upon  local  circumstances,  over  which  the  Committee  have  no  controL 

The  Committee  find  it  necessary  to  reiterate  the  fact  that  they  do  not 
assume  the  copyright  of  any  photographs  included  in  this  list.  Inquiries 
respecting  them,  and  applications  for  permission  to  reproduce  photographs, 
should  not  be  addressed  to  the  Committee,  but  to  the  photx>grapher  direct. 

[Enlargements  are  marked  {E,)] 

ENGLAND  AND  WALES. 
Cumberland. 

Photographed  by  Wilbert  Goodchild,  2  Dalhousie  Terrace,  Edinburgh. 

Size  6x4  incites, 
Regd.  No. 

10^6  CrosBfell     ....    Scenery  of  Carboniferous  rocks 
10«a         „       Eden  Valley        .    Blocks  of  Millstone  grit 

DEinSIQHSHIRE. 

Photographed  by  R.  G.  Brook,  St,  Helens,    Size  8x6  incites. 

•B7-aaa  Llandnlas,  near  Abergele .    Panorama  of  limestone  quarries 
a«9  Pistill  Rhaiadr  .  .    Waterfall 

Derbyshire. 

Photographed  by  Harry  Sowerbxjtts,  Manchester  Geographical  Society. 
(Per  Eli  Sowerbutts,  F.£.G,S.)    Size  6x4  inches, 

aao  Mil]er*s  Dale  .    Carboniferous  limestone 

•SX-aaa  „  ...  »,  „         and  toadstone 

Gloucestershire. 

Photographed  by  H.  L.  P.  Lowe,  Shirenemton  Hall,  Cliepstow, 
Size  6x4  inches, 

B79  Chepstow  ....    Anticlinal  in  Carboniferous  limestone 

Kent. 

Photographed  by  Captain  J.  G.  McDakik,  15  Esplanade,  Dover. 
Size  8i  X  6^  inches  (E.) 

366  Dover  CUfls        .        .        .    Fall  of  cliff  (Middle  and  Upper  Chalk) 

367  „  ...    Landslip  at  *  The  Warren  * 
Sandgate    •        .        •        •    House  fissured  by  landslip 
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Leicestershire. 

Plioiographed  hy  J.  Burton  <b  Sons,  Leicester^  for  tlie  Leicester  Literary 
and  Philosophical  Society.    (Per  Montagu  Browne,  F.Z.S,)    Size 
12  X 10  indies.     Lantern  slides  can  he  obtained. 
Regd.  No. 

937  Hambentone  .    Erratic  blook  of  eyenito  (21  toDs) 

9S1  Aylestone  .        .        .        .  „  ^       Moant   Sorrel   granite  (10 

tons) 
•as         „  ....    Boalder  clay  on  middle  glacial  sand 

929         „  .        .        .        .  })  }>       Keuper  marls 

9 SO         .,         Saffron  Lane  Small  erratic  blocks  in  boulder  clay 

9Sa-9SS  Barrow-on-Sonr  .  .    Lower  Lias  limestone,  showing  contortions 

9Sft-.9S6  Woociliouse  £avos,  '  llang-    *  Chamwood  slates ' 
in^  Si  one'  rocks 
9S7  Broombriggs,     Cliarnwood  „  „ 

Forest 
9SS  Woodhoii9e  Eaves      .        .    Cavern  in  '  Chamwood  slates ' 
9S9-9ftO  Breakback  Hill  .  .     Slates  dipping  45°  S.B. 

9ftl  „  ...    Upper    Keaper    lying    unconformably    on 

slates 
9fta  Swithland .        .        .        .  „  ,,         on  slate 

94S-9ftft  Bensclitf     ....    '  Chamwood  slates  ' 
9ftS-9ft6  Woodhouse    Kavcs,    Ring    Slates,  showing  concentric  rings 
Pit  Quarry 
9ft7  Stony  Stanton    .  .    Southerly   exposure    of   Chamwood   Forest 

rocks 
9ft8-9ft9  Mount  Sorrel  Terraces  of  homblendic  g^ranite 

9S0-987  Ci-oft  Hill   ....    Triassic    shore-line  with   rolled    blocks    of 

greenstone,    covered    by    Upper    Keuper 
marls 

Merioneth. 

PJiotographed  hij  C.  J.  Watson,  Acock's  Green^  BirmingJiani, 
Size  6x4  inches. 

SSO  Barm ou til  ....    Glacial  groovings  on  Cambrian  strata 

Monmouth. 

Photograplfid  by  IT.  L.  P.  Lowe,  Shirenewton  BaU,  Chepstow. 
Size  6x4  incites. 

373  Crich  Road,  Shirenewton  .    Jointing  and  weathering  of  rocks 

Norfolk. 

PJiOtographoxl  hy  JI.  Preston.     {Per  H.  W.  WOODWARD,  F.G.S.) 
Size  4  .X  3  inches. 

33S  Sherrinjrham  .    Contorted  glacial  drift 

Thorpe  Crag,  near  Norwich    Norwich  Crag  on  Chalk 

Northumberland. 

Photographed  hy  E.  J.  Garwood,  Newcaetle-on-Tyne. 
Size  \2xlO  incites  {E.) 


U339  Howick  Bay      .  .    •  Trough  fault ' 

390  Cullenosc  ....    Felspathic  grit  and  shale 
39X  „  ....    *  Fern  fathom '  limestone 
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Regd.  No. 

•92  Howick     ....  False-bedded  sandstoDes 

•••        If  ....  Intrusion  of  *  whin  *  in  limestone 

••*-•••        »,  ....  Faults  in  limestone 

•96  Dnnstanborough  .  Columnar  *  whin  sill  * 

•97  Baraburgh,  Harkes  Rocks  .  •  Whin  *  traversing  Carboniferous  rocks 

•9^  Cuddy's  Coye,Cockenheugh  Pillar  rock 

•99>900        „  „  .,         .  Enlarged  view,  showing  weathering 

901  Craster       .        .        .        .  •  Whin  *  overlapping  felspathic  grit 


SOMERSBT. 

Pliotoffraphed  hy  F.  J.  Allbn,  Mason  CoUege,  Birmingliam. 
Size  8x6  incites, 

•S2-^87  Burrington,  Mendip  Hills  .  Denudation  of  Carboniferous  limestone 
•§•  Cheddar  Pass     .        .        .  „  „  „ 

•62  DinderWood,  Mendip  Hills  Rock  shelter 

•66  Croscombe  Hills         .        .  Dolomitic  conglomerate 

Size  6x4  inches, 

•S9v  ^61  Cheddar  Pass  .    Erosion  of  Carboniferous  limestone 

•60  Lion  Rock,  Cheddar  .        .         ,,  „  „ 

•6S-^6«  Dinder  Wood     .        .        .         „  „  „ 

Surrey. 

Plioiograplied  hy  Harry  D.  Gower,  16  Wandle  Eoad,  Croydon,     {Per 
Croydon  Microscopical  and  Natural  History  Society,)    Size  6x4  inches. 

••6  Tilburstow  Hill .  .    Escarpment  in  Ix)wer  Greensand 

••6  Godstone,  silver  sand  pits .    liower  beds  of  the  Upper  Greensand 

Warwickshire. 

PhotograpJied  hy  C.  J.  Watson,  Acock^s  Green,  Birmingham, 
Size  6x4  inches. 

•^^-•«6  Nuneaton  ....    Triassic   marl    resting    unconformablj    on 

Cambrian  quartzite,  with  intrusive  diorite 
beneath 

•47v  •«•  „  ....    Cambrian  quartzite 

•49  Parley  Park  Diorite  (rudely  columnar) 

Westmoreland. 

Photograpfhed  hy  Wilbert  Goodcihld,  2  DalJumsie  Terrace,  Edinburgh, 

Size  6x4  incJies, 

1039  Head   of   Haikable,  or  *  Whin '  in  Carboniferous  rocks 
Highcupgill,  Appleby 

XO«0»  10«7  Udale,  Milburn  .  Waterfall  in  Carboniferous  limestone 

1041       „      below      Middle-  Rock-strewn  river  bed 
tongue 

X0«2-10««  Orton    ....  Weathered  joints  (*  grikes  *}  in  Carboniferous 

limestone 

10^6  Dnfton,  from  Bakstone  Great  Pennine  fault 

Edge 

10«9  Silveraband,  Milburn   •  *  Swallow  holes*  in  Carboniferous  limestone 
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Yorkshire. 

Photographed  by  W.  H.  ALEXAimsR,  Ha  Clu>rley  Old  Boady  Bolton, 
Size  4x3  inches. 
Regd.  No. 

•7«-S76  Sawley  (Chasburn)  .     Synnlinal  and  anticlinal   foldings  in  Itme- 

stone  and  shale 

Photographed  by  F.  N.  Eaton,  Rose^nlle,  Maghvll,  Lancashire, 
Size  4x3  inches.     Lantern  slides  can  be  obtained. 

•41  iDgleton     ....    Craven  fault 
•«2,  SftS        „  ....    Fall  on  River  Greta 

Channel  Islands. 

Photographed  by  Geo.  A.  Piquet,  63  I^ew  St.  John's  Boad,  Jersey. 
Size  8x6  inches. 

•81  St.  OwenV,  Jersey       .  Semi-detached   pillar  of   granite  (vein   of 

greenstone  at  base) 

SCOTLAND. 
Edinburgh. 

Photograplied  by  Wilbert  Goodchild,  Dalhousie  Terrace,  Edinburgh. 
Size  6x4  incites. 

1012-1014  Ganonmills,  Edinburgh  .    False  bedding  in  Pleistooene  sands 
lOlS-1017  Salisbury  Craigs     .  Junction  of  dolerite  of  Lower  Carboniferous 

sandstone 
lOlS  Arthur's  Seat .  Columnar  basalt 

1019*  10S2  Glencorse  reservoir  Stream  cutting  through  tuffs  of  Middle  Old 

Red  Age 

1020  Braid  Bum    .  .    Cutting  through  the  massif  of  Middle  Old 

Red  Age 

1021  Arthur's  Seat  .    View  from  Driddingston  Loch 

1022  „  'Haggis    Basalt  lava 
Knowl ' 

1028  Arthur's  Seat,  St.  An- 

thony's Chapel 
1024, 1028  Arthur's    Seat     (Pano-     Lower  Carboniferous  basalt 

ramie  view) 
1026  Blackford      Hill,      Old    Weathered  lava 

quarry 
1027f  102S  Hailes     Qaarry,     near    Laminated  Lower  Carboniferous  sandstones 

Edinburgh 

1029  Arthur's     Seat,     from    Alluvial  flat  of  Duddingston  Loch 

Cameron  Bridge 
1033  Craiglockhart,       Edin-    Great  fault  in  railway  cutting.    (Upper  Old 
burgh  Red  and  Granton  sandstone) 

1034, 1038  Craiglockhart,       Edin-    Smaller  faults  in  railway  cutting 
bui^h 
1038  Arthur's  Seat,  from  brick    Volcanic  neck 

field,  Portobello 
1037  Braid  Hills,  from  Black-    Middle  01^  Red. volcanic  rocks 
ford  Hill 
1080, 1081 '  The  Kipp,'from  Kitohcn  „ 

Moss,  Pentland  Hills 
1082  Salisbury  Craigs    .        .    View  from  St.  T^eonard's 
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loss  Logan  Bum,  Pentland    Middle  Old  Red  conglomerate 
Hills 
10S«f  loss  Arthurs      Seat,     from    Lower    Carbonifeions  sandstones  overlying 
Salisbury  Craigs  dolerite 

Haddingtonshire. 

Photographed  by  Wilbbrt  Goodchild,  Dalhmisie  Terrace,  Edinburgh, 
Size  6x4  inches, 

lOSO  North  Berwick  .  Marine  erosion  in  Lower  Carboniferous  tuffs 

1031      ,)  „         Craigh-  Marine  erosion 

leith  in  distance 

loss  Canty  Bay    .  .  Marine  <  pot-holes  * 

Perth. 

Photographed  by  W.  Ellison,  2  DcUhousie  Street,  Perth.  (Per  Henrt 
COATBS,  F,B,S,E,y  Pertlishire  Society  of  Natural  Science.)  Size  8x6 
inches, 

•70  Glen  Turret  .        .        .    Glacial  barrier  across  valley 
371-072  Glenartney    .  .    Waterfall,  basaltic  dyke  crossing  stream 

•73  „  ...    Disintegration  of  basaltic  dyke 


IRELAND. 
Co.  Antrim. 

Photographed  by  Miss  M.  K.  Andrews,  College  Gardens,  Belfast.     (Per 
Belfast  Naturalists'  Field  Club.)    Size  4x3  inches. 

99a-99S  Greenisland,  Carrickfer-     Boulder  clay,  with  erratics 

gas 
990-.997  Carnmoney    .  Boulder  clay,  overlying  basalt  and  chalk 

90a-906  Kenbaan  .    Chalk  and  basalt 

907-911  Giant's  Causeway  .  .     Columnar  basalt 

Photographed  by  Wm.  Gray,  M.R.I.A.,  Mount  Charles,  Belfast. 
(Per  Belfast  Naturalists'  Field  Club.)    Size  12x10  inches  (E.). 

9S7  Lame     ....  Raised  beach  of  gravel  on  estuarine  clay 

9SS  Whitehead  .  Bonlder  clay  on  New  Red  sandstone 

9S9  Fair  Heai  .  Denudation,  of  basalt 

990  Soldierstown .        .  Flint  nodules 

991.992  White  Bocks,  Portrush  .  Denudation  of  chalk 

Photographed  by  R.  Welch,  49  Lonsdale  Road,  Belfast.     (Per  Belfast 
Naturalists'  Field  Club.)    Size  8x6  in^ches. 

[Note. — Lantern  slides  of  the  following  subjects  can  be  obtained.    For  complete 
list  see  Mr.  Welch's  Geological  Catalogues.] 


9S3  Glengariff  Glen 
9€%  Cushenden 
9SS  Peat  Bog,  Armoy 
96S  Glenarm 
967  Cave  Hill,  Belfast 
9SS  Glendun 
9S9.971  WhiteweU 


Large  *  pot-hole ' 

*  The  Great  Cave ' 

Showing  roots  of  trees 

Inclined  Chalk  beds 

Escarpment 

Genei^  view  of  glen 

Basalt  or  eroded  surface  of  Chalk 
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97a-»7«  Caye  Hill,  Belfast 
97S  Red  Bay 
97€  MayleDa 
977  Glenarm 
979  Portrush 
97«  Glenarif! 
9«0  Cushendall 


951  Mnrlongh  Bay 

952  Fair  Head,  Ballycastle . 


Trap  overlying  old  cliffs  and  talus  of  Chalk 
New  Red  conglomerate 
Coirent  bedding  in  drift  sands 
Natural  arch  in  Chalk 

tf  If 

General  view  of  valley 

Tertiary  volcanic  neck  in  Old  Red  sand- 
stone 

General  view 

Marine  erosion  of  Lower  Carboniferous  sand- 
stone.   Dolerite  in  distant  cliff 


Co.  Donegal. 

Photograplied  hy  R.  Welch,  Belfast     {Per  Belfast  Naturalists'  Field 
Club.)     Size  8x6  inches. 


989  Port  Salon 

9€0  Muckross  Head 
9€1  Port  Lenca    . 


Marine  erosion  of  quartzite 
Natural  arch 
Marine  erosion 


Co.  Down. 

Fliotograph^d  by  R.  Welch,  Belfast.     (Per  Belfast  ^Naturalists'  Field 
Clvh.)     Size  8x6  inches. 

9«S  Grey  Abbey  .  .  Erratic  block  (basalt,  500  tons) 

9Sft  Newcastle     .  .  Sand  dunes  and  raised  beach 

9SS  Edenderry     .  .        .  *  Bsker  drift ' 

9Stf  Happy  Valley,  Monrno  General  view 
Mountains 

Pliotographed  by  Wm.  Gray,  M.R.I.A.,  Mount  Charles,  Belfast. 
Size  12  X  10  inches  (K) 


9S9A  Cloughmore 

9««A  The  Buttcrlump, 

Strangford 
9S9A  On  the  shore,  Lough, 

near  Bloody  Bridge 
9Stf  A  Ballyquinten  Point 


Block  of  Moume  granite 

Erratic  block  (biualt)  resting  on  New  Red 

sandstone 
Silurian  rocks 

Vertical  beds,  Silurian  rocks 


Photographed  by  Miss  M.  K.  Andrews,  College  Gardens,  Belfast. 
Size  4x3  inches. 


912-913  Bloody  Bridge 

91«  Belmont 

998-lOdO  Newcastle,  Glen  Biver  . 

1OO1-1003  Kilcoo    .... 

100«-lO0€  Dundonald,  Ballyoran  . 

1007-100S  Dundonald,    Ballyoran, 

Cairowreagh  quarry 
1009-1011  Neilby  Hill    . 


Granite  boulder 

Spheroidal  basalt 

Junction  of  granite  and  Silurian  rocks 

Moraine,  cut  through  by  river 

Boulder  clay  on  Trias 

Boulder  clay 

Current  bedded  drift  sand 


Co.  Dublin. 

Photograplied  by  Dr.  Valentine  Ball,  C.B.,  F.B.S.,  Dublin. 
Size  8x6  inches. 


916-.919  Howth    . 
920, 921  Stake  Rock 


Cambrian  boulder-bed 

Cambrian  quartzite,  with  drift  on  ice-planed 
surface 
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922  Howth  ....  Cambrian  quartzite  (showing  bedding) 

923, 92«  Sutton  Shore,  Howth    .  Glacial  drift 

925  „  „  .  Drift  on  ice-tmncated  edges  of  Cambrian 

slates 

926  „  „  .    Carboniferous  limestone  partly  altered  into 

dolomite 

Co.  Fermanagh. 

PhotograpJied  by  R.  Welch,  49  Lonsdale  Street^  Bdfast, 
Size  8x6  inches. 

9SS  Enniskillen    .  .     The  *  Marble  Arch' 

Co.  Galway. 

Photographed  by  H.  L.  P.  Lowe,  Shvrenewton  Holly  Chepstow. 
Size  6x4  inches. 

S77  Pass  of  Salmch,  Little    Erosion-of  river  valley 
Killery  River,  Conne- 
mara 


The  GirculaUcni  of  Viiderground  Water's, — Twentieth  Report  of  the 
CommUtee,  consisting  of  Dr.  E.  HoLL  (Chairman)^  Sir  Douglas 
Galton,  Messrs.  J.  Glaisher,  Percy  Kendall,  Professor  G.  A. 
Lebodr,  Messrs.  E.  B.  Marten,  G.  H.  Morton,  Professor  Prest- 
wiCH,  Messrs.  I.  Roberts,  Thos.  S.  Stooke,  G.  J.  Symons, 
W.  Topley,  C.  Tylden-Wright,  E.  Wethered,  W.  Whitaker, 
and  0.  E.  de  Rance  (Secretary).    {Braivn  up  by  C.  E.  DE  Rance.) 

The  reporter  has  made  good  progress  with  the  digest  of  the  previous 
nineteen  reports,  which  will  be  ready  for  publication  this  year,  giving  the 
details  grouped  in  geological  formations  and  counties. 

The  reporter,  through  unavoidable  circumstances,  is  unable  to  be 
present  thi»  year,  and  is  anxious  to  point  out  that  not  only  has  the  Car- 
diff Naturalists'  Society  sent  a  valuable  contribution,  but  several  other 
societies  federated  to  the  British  Association  intend  to  furnish  informa- 
tion; this  being  the  case,  he  ventures  to  point  out  that  it  appears 
desirable  to  continue  the  work  of  your  Committee,  and  that  it  is  evident 
that  if  the  work  entrusted  to  them  in  1874  be  terminated  in  1894  it 
will  be  continued  by  the  federated  societies,  but  the  details  of  sections 
and  analyses  will  be  scattered  over  many  publications  and  will  not  be 
of  general  use  and  access  to  engineers  and  sanitarians,  and  the  results 
obtaiaed  will  be  published  under  various  modes  and  conditions  not 
admitting  of  common  reference,  as  ia  the  case  in  the  reports  emanating 
from  your  Committee. 

The  Committee  would  therefore  venture  to  suggest  that,  as  valuable 
information  can  still  be  obtained  through  the  agency  of  local  societies,  they 
be  reappointed  without  grant. 

Your  Committee  have  to  deplore  the  death  of  one  of  their  original 
members,  Mr.  Wm.  Pengelly,  F.R.S.,  who  contributed  most  valuable  infor- 
mation in  the  early  days  of  the  investigation,  and  throughout  has  taken 
an  active  interest  in  the  work. 
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South  Walks. 

Section  of  Well-boring  at  Messrs.  J.  Edwards  <t  Co.'s,  Aerated  Water 
Manufacturers,  Llandrindod  Wells, 


Information  collected  by  the  Cazdift  Natoralists'  Society  per  Mr.  F.  T. 

Howard, 

chiefly  from  Measrs.  Isleb  and  Co.,  London. 

— 

Feet 

laches 

Feet 

Inches 

Old  well 

6 

6 

Clay  and  stone 

1 

— 

7 

G 

Stone     . 

4 

— 

11 

6 

Clay  and  stone 

26 

6 

88 

— 

Yellow  clay    , 

6 

— 

44 

— 

Stone      . 

4 

— 

48 

— 

Clay  and  stone 

19 

6 

67 

G 

Clay       .        . 

6 

— 

1         73 

G 

Loam 

16 

6 

1         89 

— 

Shale 

5 

— 

94 

— 

Rock      . 

42 

6                136 

G 

Lined  to  95  feet  with  3-inch  internal  diameter  tube,  the  top  of  which 
•stands  2  feet  below  surface.  Supply,  360  gallons  per  hour.  Water  not  of 
satisfactory  nature ;  the  boring  is  to  be  continued.  Water  first  touched 
at  about  90  feet  from  surface. 


Section  of  Well  at  S,  B.  Sketch^  Esq.,  Pembroke  Dock. 
Collected  by  the  Catdiff  Natundisto'  Society. 


— 

Feet 

Inches 

1    P.. 

locliei 

Marl  and  stone       .... 

3 

_^ 

_ 

Ued  rock 

10 



13 

__ 

Sand       . 

1 

6 

1         14 

ri 

Red  rock 

4 



18 

G 

Sand 

1 

6 

20 



Red  rock 

10 



30 

— 

Stone      . 

1 

— 

31 

-_ 

Ked  rock 

4 

9 

86 

9 

Rock 

— 

6 

86 

^ 

Red  rock 

6 

3 

42 

G 

Rock       . 

7 



49 

«         1 

Stone      . 

1 

6 

51 

Rock      . 

6 

G 

67 

6 

Red  rock 

4 



61 

0 

Red  rock 

1 

6 

63 

1 

Red  rock 

37 



100 



Red  rock 

12 

6 

112 

6 

Red  rock 

7 

6 

120 

-     I 

Lined  with  5-inch  tube  to  30  feet.     Supply,  3  gallons  per  minute* 
Water  level,  8  feet  from  surface.    Water  first  touched  at  about  10  feet. 
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Section  of  Well  at  E,  T,  Lydden%  Esq.,  Llaniehetiy  near  Cardiff. 
Collected  by  the  Cardiff  Naturalists*  Society. 


- 

Feet 

Inches 

1       Feet 

Inches 

Pit  through  clay  and  stones  . 

5 

_^ 





Clay  and  stones      .... 

5 

— 

10 

— 

Ballast 

6 

— 

16 

— 

Running  sand 

2 

. 

18 

— 

Ballast 

5 

- 

23 

— 

Refl  gravel 

6 

28 

— 

Sand 

1 

— 

29 

— 

Red  gravel  (Upper  Old  Red  Sand- 

5 

— 

34 

— 

stone) 

Red  marl 

6 

— 

40 

— 

Red  rock 

9 



49 

— 

Conglomerate  rock 

1 

— 

50 

— 

Bedrock 

2 

— 

52 

— 

Conglomerate  rock 

2 

— 

54 

Red  rock 

11 

6 

65 

G 

StiflE  red  marl         .... 

1 

6 

67 

— 

Lined  to  40  feet  wiih  4-iDch  tube  from  surface.  Water  level,  23  feet 
from  surface.  Supply  pumped  down  in  five  minutes  with  4-inch  pump, 
but  rises  again  directly.     Water  first  touched  at  47  feet  from  surface. 


Section  of  Well^  Ely  Brewery  Company y  Limited^  Ely,  near  Cardiff. 
Collected  by  the  Cardiff  Naturalists'  Society. 


— 

Feet 

iDches 

1       Feen 

Inches 

Dug  well 

7 







Ballasf  and  sand    .... 

17 

— 

23 

— 

Marl  and  cobbles   .... 

10 

— 

:          33 

— 

Marl  and  ladyr  stone 

8 

— 

41 

— 

Radyr  stone 

34 

— 

"^S 

— 

Red  marl 

54 

— 

1        129 

— 

Rock      ...... 

3 

— 

;        132 

— 

Stone     

1 

6 

!        133 

6 

Rock 

13 

2 

146 

8 

Marl 

2 

6 

149 

2 

Rock 

4 

2 

153 

4 

Radyr  stone   .        .                .        . 

25 

— 

178 

4 

Limestone 

1 

3 

179 

7 

Radyr  stone 

13 

11 

193 

6 

25  ft  8^. 
126  ft.  7J 


-in.  tube,  4  ft.  6  in.  below  surface, 
in.  tube,  4  ft.  below  surface. 


Supply,  72  gallons  in  74  seconds.    Level  of  water,  7  feet  from  surface. 
Water  first  touched  in  rock  about  125  feet  from  surface. 
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Section  of  Well  cU  Messrs.  H.  Antliony  <C?  Co.\  Castle  Bretvcry, 
Great  Frederick  Street^  Cardiff, 

Collected  by  the  Cardiff  Naturalists'  Society. 


Dug  well  (Alluvial  deposits)  . 

Marl 

Clay  with  boulders  of  Millstone  Grit 
Clay  and  pebbles  (Alluvium) 

Red  marl 

Rock 

Red  marl 

Rock 

Red  marl 


j   Feet 

Inches 

Feet 

Inches 

5 
2 

—    ' 

7 

— 

3 

— 

10 

— 

10 

_ 

20 



23 

— 

43 

— 

2 

3 

45 

3 

i    17 

9 

63 



1     3 

G 

66 

6 

1    53 

« 

120 

-    1 

lined  with  45  feet  of  8^-inch  internal  diameter  tubes,  tops  of  which 
stand  8  feet  6  inches  below  surface,  and  115  feet  of  7^ -inch  internal 
diameter  tubes,  tops  of  which  stand  3  feet  6  inches  below  surface. 
Water  level,  21  feet  below  surface.  Supply,  over  1,080  gallons  per  hour. 
Water  first  touched  at  23  feet  from  surface,  when  the  level  was  16  feet 
from  surface.  This  well  is  important  as  indicating  a  third  possible 
horizon  from  which  water  may  be  obtained.  The  usual  horizon  is  the 
junction  of  the  dolomitic  conglomerate  and  the  red  marls.  This  bed  is 
approximately  200  feet  higher  in  the  series.  The  water  was  hard,  con- 
taining Mg  and  Ca  sulphates  and  carbonates,  also  NaCl. 


Section  of  Well  at  Messrs,  Bird  &  SovUs^  East  Moors^  Cardiff, 
Collected  by  the  Cardiff  Naturalists'  Society. 


Feet 


Inches 


Feet 


Dug  well 

Pebbles  (alluvium) 

Loamy  marl   . 

Marl 

Blue  iDarl 

Marl 

Marl  and  g}'psum  . 

Marl       . 

Rock 

Red  marl 


22 

12 

10 

67 

7 

113 

7 

118 

3 

4 


_ 

_ 

34 

— 

44     : 

— 

101 

— 

108 



221 



228 

— 

346   1 



349 

— 

353 

6 

Inches 


Lined  with  25  feet  of  llj-inch  tube,  top  of  which  stands  22  feet 
below  surface,  and  100  feet  of  10-inch  tube,  top  of  which  stands  21  feet 
below  surface.  Water  level,  20  feet  below  surface.  Supply  good.  Water 
first  touched  at  about  150  feet  from  surface. 
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Section  of  Well  at  Messrs,  Brain  (t  CoJs  Old  Bretveryy  Cardiff. 
Collected  by  the  Cardiff  Naturalists*  Society. 


— 

Feet 

Inches     j 

Feet 

Inches 

Pit 

10 





.^ 

Gravel  • . 

16 

6        ! 

26 

6 

Red  marl 

253 

6 

279 

— 

Rock      . 

1 

— 

280 

— 

Red  marl 

21 

"    i 

301 

6 

Grey  rock 

19 

» 

321 

3         i 

Red  marl 

10 

3        ' 

331 

6 

Lined  with  30  feet  of  8^-inch  tube,  top  of  which  stands  9  feet  9  inches 
below  surface,  then  with  166  feet  of  7^-inch  tube,  top  9  feet  6  inches  below 
surface.  Water  level,  26  feet  6  inches  below  surface.  Supply,  2,600 
gallons  per  hour.    Supply  tapped  at  about  322  feet  from  surface. 


Section  of  WeU  at  Messrs,  Oiven  &  Coh^  Limited^  Ely  Paper  Mills,  Cardiff, 
Collected  by  the  Cardiff  Naturalists*  Society. 


Pit 

Made  ground  .... 

Sandstone 

Gravel 

Rock 

Red  marl 

Rock 

Red  rock 

Hard  red  marl,  with  layers  of  rock 

Hard  rock 

Hard  red  marl       .... 
Hard  red  marl,  with  layers  of  rock 

Rock 

Red  and  green  marl 

Hard  red  marl       .... 

Hard  red  and  green  marl 

Grey  rock 

Red  and  green  marl  and  rock 

Rock 

Grey  rock 

Rock 

Grey  rock 

Hard  rock 

Hlue  rock 

Hard  rock 


Feet 


G 

10 

8 

10 

8 

14 

41 

4 

7 

2 

14 

6 

1 

6 
4 
8 
2 
1 
7 

39 
S 

20 
4 

21 


Inches 


10 


2 
10 

6 
6 


Feet 


18 

28 

36 

60 

91 

96 

102 

104 

119 

126 

126 

126 

132 

1.S6 

144 

146 

148 

166 

194 

198 

218 

222 

244 


Inches 


Supply,  12,000  gallons  per  hour.  Water  level,  11  feet  from  surface. 
Supply  first  tapped  at  about  157  feet  from  surface.  lined  with  25  feet 
of  1 3-inch  tubes,  from  4  feet  6  inches  from  the  surface. 


AlluTial 
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Messrs.  W,  Hancock  A  Co,'Sf  Limited^  Phcenix  Brewery^  Cardiff, 
Collected  bj  the  Cardiff  Naturalists'  Society. 


- 

Feet 

Inches     ! 

Feet 

Inches 

Dag  well 

20 





1 

Marl 

38 

— 

58 

Rock 

2 

6 

60 

6 

Marl  and  rock        .... 

65 

6         » 

126 

— 

Marl 

109 

— 

235 

— 

Marl  and  rock        .... 

7 

6 

242 

6 

Marl 

20 

6 

263 

— 

Rock 

2 

6 

265 

6 

Marl 

20 

6 

286 

— 

Rock 

1 

9 

287 

9 

Redrock 

2 

6 

290 

3 

Rock 

20 

3 

310 

6J 

Redrock 

20 

— 

330 

Rock 

5 

I 

3 

j      335 

9 

Sand  with  grains  of  '  gold '  [?  sulphuret  of  iron]  and  haematite.    Boring 
in  progress. 


Section  of  Well  at  Rhymney  Railway^  Cardiff, 

— 

Feet 

Inches 

Feet 

Inches 

Dog  well 

62 

_         I 



Red  marl 

88         I        _ 

160 

— 

Rock      . 

27 

—       ; 

177 

— 

Conglomerate 

13 

— 

190 

— 

Red  marl 

9 

—       1 

199 

— 

Rock 

137 

1 

336 

— 

lined  with  30  feet  of  S^-inch  tube,  53  feet  below  surface.  120  feet  of 
7^-inch  tube,  51  feet  below  surface.  N.B.  100  feet  of  7^-inch  tubes  are 
perforated.  Water  level,  39  feet  from  surface.  Supply  good.  Water 
tapped  at  about  130  feet  from  surface. 

'  Small  crystals  of  selenite. 
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WeU  sunk  at  Soutit  Wales  Portland  Cement  and  Lime  Wo7'kSf  Lim,, 
PenaHhj  near  Cardiff,  in  1892. 

Collected  by  the  Cardiff  Naturalists*  Society. 


Ground  Level 

Feet 

Inches 

Remarks 

Bottom  of  the  Lias 

10 

0 

„ 

Laminated  black  bituminous  shale 

— 

6 

— 

Blue  clay 

— 

* 

*- 

Paper  shale 

— 

14 

— 

Hard  bluish  stony  magnesian  marl 

6 

6 

Much  pyrites. 

Stone   

— 

3 

— 

Marl 

2 

0 

— 

Stone    

1 

0 

— 

Marl 

— 

8 

— 

Stone    

— 

2 



Stone    

— 

1 

— 

Stony  marl 

1 

3 

— 

Stone    

— 

8 

— 

,  Stony  marl 

3 

0 

— 

Stone    

— 

2i 

— 

Shale 

— 

11 

— 

Stone   



1 

— 

Shale 

3 

10 

— 

Stone    

— 

1 

— 

Marl 



23 

— 

Stone   

"~~ 

6 

Strong  sulphurous  spring. 
Much  iron  pyrites  in 
bed. 

Hard  shale 

6 

8 

Stone    

— 

2 

— 

Stone   

— 

2 

— 

Shale 

— 

8 

— 

Stone    

— 

2 

— 

Marly  shale 

3 

10 

— 

Light  stone  x 

/ 

-^ 

G 

— 

Dark  stone 



0^ 

r  *  Marl  stones ; '  no  water 
I     or  fossils. 

,  Light  stone ) 

8 

— 

11 

— 

1  Dark  stone  '                                 ^ 

j  Very  hard  dark  blue  and  light 

About  15 

0 

No  water. 

1      green  stones 

j  Lightish  and  .white  marl 

„     10 

0 

— 

1  Hard  red  marl      .... 

Much  water;  thin  band 
only  10 ft.;  about  2,000 
gallons  per  hour. 

WhitUh  hard  marls      . 

13 

0 

— 

Stony    matter,    greenish    marls, 

7 

9 

— 

gypsum,  and  hard  red  marls 

in  thin  bands 

1  Red  marl  for  about  120  ft.    Gyp- 

— 

— 

Very  much  water  from 

i       sum  band  at  base 

The  water  level  varies  within  a  range  of  25  feet.  Not  connected  with 
the  tides,  but  a  regular  ebb  and  flow  within  limits  of  4  or  5  feet. 
Analysis  shows  the  water  to  be  highly  charged  with  CaS04y  almost  to 
saturation  ;  also  much  CaCOg.     Smaller  quantity  of  MgS04,  NaCl,  MgCl, . 

Information  from  the  manager  (W.  J.  Cooper,  Esq.)  through  Cardiff 
Naturalists'  Society. 

1894.  ^      u  . 
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North  Wales. 

Section  of  Well  cU  Kelaterton  Brewery  CoJsy  Flint, 

Collected  bj  the  Cardiff  Naturalists'  Society. 


— 

Feet 

Inches 

Feet 

loches 

Duprwell 

Rock 

Rock 

9 
195 

— 

204 

— 

Lined  with  55  feet  of  7:^-inch  tube,  2  feet  below  surface.  Supply 
touched  at  about  130  feet  below  surface.  Water  level,  7  feet  from  surface. 
Supply  good. 

Section  of  Weill-horing  at  King's  Head  Hotel,  ffolytoell,  Flint, 
Collected  by  the  Cardiff  Naturalists*  Society. 


— 

Feet 

Inches 

Feet 

Inches 

Dug  well 

60 

_ 

___ 



Green  sand 

6 



65 

— 

Sand  and  pebbles  .... 

13 



78 

— 

Rock 

18 

6 

96 

G 

Rock  and  sand       .... 

3 

6 

100 

— 

Rock 

— 

6 

100 

6 

Lined  with  30  feet  of  4-inch  tube,  top  of  which  stands  55  feet  below 
surface.  Supply  good.  Water  supply  overflows  top  of  bore-pipe.  Supply 
tapped  at  about  89  feet  from  surface. 

Section  of  Well  at  A.  J.  CAadwick's,  Esq,,  Burton  Brewery,  Wrexham, 

4-iwc^  Boring, 

Collected  by  the  Cardiff  Naturalists'  Society. 


— 

Feet 

Inches 

Feet 

Inches 

Dug  well 

4 







Red  sand 

26 

— 

29 

— 

Red  clay 

10 



39 

— 

Blowing  sand 

11 

— 

60 

— 

Brown  sand    . 

32 

— 

82 

— 

Blowing  sand 

21 

— 

103 

— 

Brown  clay    . 

8 

— 

111 

— 

Blowing  sand 

36 

— 

147 

— 

Red  clay  and  pebbi 

les 

17 

— 

164 

— 

Rock      . 

4 

— 

168 

— 

Stones  and  clay 

9 

— 

177 

— 

Stone     . 

6 

— 

183 

— 

Stones  and  clay     . 

18 

— 

201 

— 

Clay 

22 

— 

223 

— 

Stones  and  clay     . 

39 

— 

263 

Clay       . 

14 

— 

272 

— 

Stones  and  day     . 

12 

— 

284 

— 

Clay       ...... 

47 

— 

331 

"" 

Lined  with  280  feet  of  4-inch  tubing.  Water  level  3  feet  from 
surface.  Supply,  8  gallons  per  minute.  Water  first  touched  at  162  feet, 
when  artesian  level  was  14  feet  from  surface. 
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Collected  by  C.  E.  de  Range  from  Dr.  Lloyd  Roberts,  Medical  Officer 
of  Health,  Denbigh. 

Pont  Ystrad  Pumping  Station. 
Well  20  feet  9  inches  deep. — Denbigh  Water  Convpany. 

Ftg.  1.— Pont  Ystrad  Pumping  Station.    Section  of  Well  and  Bore-hole. 
Surface  of  Ground. 

^■>^-ij^S&    9  ft.    Gravel. 
"    3  ft.    Clay. 


36  ft.  6  in. 


96  ft.  9  in 
lOS  ft.  7  In.      , 
Bottom  of  Lining    '^ 
Tnbes,  104  ft.     ^ 
115  ft.  U  in. 


14  ft.  6  in.    Gravel. 

8  ft.  6  in.    Red  Sandstone. 


66  ft.  9  In.    Variegated  ITarL 


^    5  ft.  10  in.    Red  Sandstone. 


11  ft.  10  in.     Red   Sandstone 
Bock. 


74  ft.  1  in.    Variegated  iiarl 


Vertical  Scale,     '^ .K',^^-t,^^^ 

25  ft.  to  1  in.  _^'^^.S:^^^_ 

Horizontal  Scale,     %j^  ^^S^  KSSSS^^S^ 
4ft.tolin.     g^-^g^g^l   ^^^^ 


Depth  on  October  7,  1879. 


Analytit  made  hj  Dr.  Campbell  Browke,  April  14, 1882. 

Parts  per  100,000. 
20-4 


Total  solids  in  solution 

Organic  carbon     1  ,•.  ,  . 

Orianic  nitrogen  j(^»<'<'««°W 

Ammonia 

Ammonia    from   organic   matter,    by  distillation   withi 

alkaline  permanganate j 

Nitrogen,  as  nitrates  and  nitrites 

Combined  chlorine 

Hardness,  temporary 

n        permanent 


Total 


This  b  an  excellent  water  for  domestic  use. 


•003 

•009 

•069 
2069 

G-O** 
135*> 
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Bore-hole  at  Pont  Tstrad. — Denbigh  Water  Company, 

ATutfysii  made  hy  Dr.  Campbell  Bbownb,  Notemher  1, 1879. 

MarkofMmple:    B.  W. 

Parts  per  100,000. 
Total  solids  in  solution 860  34*4 

Ammonia 002  003 

Ammonia  from  organic  matter,  bj  alkaline  dis-  \     ._. .  ^^« 

tiUation j-      W4  uuo 

Nitrogen,  as  nitrates  and  nitrites                      .        '000  ^^ 

Combined  chlorine 2*84  3-55 

Hardness,  temporary 16*12**  7*0® 

„         permanent 3178®        14-2** 

Total 46-90<'        21-2® 

'  B.'  contains  a  larger  proportion  of  mineral  salts  than  is  usual  in  even 
the  hardest  water  used  for  domestic  supply,  but  there  is  nothing  injurious 
in  these  salts  except  that  they  waste  soap  and  prevent  the  water  from 
cleansing  the  skin  even  with  a  great  quantity  of  soap,  as  well  as  from 
cooking  such  things  as  tea  without  great  waste. 

There  is  no  organic  matter  and  no  products  derived  from  any  previous 
sewage  contamination ;  it  is  free  from  common  salt. 

*W.'  is  not  quite  so  free  from  organic  matter,  but  the  quantity  of 
organic  matter  derived  from  it  is  very  smalL 

The  hardening  salts  and  the  other  mineral  salts  are  within  ordinary 
limits. 

As  a  general  rule  the  deep  bore  waters  are  safer  than  upper  waters. 

Deep  Bore-hole  Water,     Pentre  Meadows,  LUvnrhaiadr. 
Analym  made  by  EaBEBT  a.  HooPEB,  Btq.,  F.C,8,,  o/Samenet  Sinue,  April  7, 1888. 

Organic  matter :  very  slight  in  quantity. 

Physical  properties :  nentral,  bright  and  dear,  tasteless  and  odourless. 

Grains  per  Gallon. 

Total  solids 14  0 

Loss  on  ignition 4*0 

Mineral  matter 10*0 

Hardness,  permanent 3*6® 

total 70* 

Nitrates  and  nitrites  (absent) 

Ammonia,  free  Cnone) 

albuminoid  004  part  per  1,000,000 

Chlorides  equal  to  1*81  grain  of  common  salt  per  gallon 

Mineral  constituents :  Grains  p«r  Gallon. 

Chalk       . 5-80 

Magnesium  sulphate 1*03 

„  carbonate 0*66 

Commpnsalt 1*81 

9*20 
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This  water  is  one  of  the  purest  commonly  found,  and  with  care  to  avoid 
surface  contamination  would  be  most  suitable  for  domestic  and  for  table 
use.     For  brewing  purposes,  however,  and  especially  for  ale-brewing,  it  is 

Fig.  2.— Section  of  Llanrhaiadr  (Pentxe  Meadows)  Bore-hole. 
June  14, 1875. 


Sarfac«of 


Ground. 


Yds.  ft.  In. 


Gravel 


Clay 


Red  Sand 


Reil    Sandstone    Rook, 
unbottomed. 


too  soft,  and  therefore  pannot  b^  recommended,  though  for  stout-brewing 
it  would  offer  some  advantages,  and  should  a  suitable  supply  not  be 
obtainable  additional  hardness  might^be  added  to  the  water  artificially. 
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Tliere  is  some  slight  evidence  of  organised  impurity,  indicating  admix- 
ture, to  a  small  extent,  with  surface  water,  which  would  ne^  to  be 
guarded  against  if  the  supply  were  adopted. 


Prestatyn  Wells.    Analysed  by  Dr.  Lloyd  Roberts,  August  10,  1888. 
SmWiy  Well^  Prestatyn, 

A  surface  (dip)  well. 

Part!  per  100,000.   Grains  per  Gallon. 

Total  BoUds         ....     124-4  87*22 

„     after  ignition     .                .      62*4  4368 

Chlorine 11-2  7-8  =  148  of  NaCl 

Free  ammonia                     .     part  per  1,000,000  '130 

Albuminoid  ammonia '390 

Nitrites  }  ^^^  evident  traces. 

Parts  per  100,000. 
Hardness,  temporary .        .        •        .        .24 
„         permanent         .        •'       •        .    17 

Total  .        •        .    41s28*7  grains  per  gallon. 

Rectory  Well  (Pump),  Prestatyn. 

Chlorine :  6*4  parts  per  100,000  «=  4*48  grains  per  gallon. 

Parts  per  100,000. 

Hardness,  temporary 12 

„         permanent '       .        •    18 

Total ^       .        .    30 

Nant  Hall  Pumpy  Prestaiyn, 

Parts  per  100,000. 
Hardness,  temporary .        «        .        .        •        •        •        .        .25 
„         permanent        .'       •        .        .        .*       .        .        .19 

Total 44 

I^ant  Mine  OverfloWy  Prestatyn. 

Parts  per  100,000. 
Hardness,  temporary       ..••••..    14*0 
„         permanent      • 14'0 

Totol •        •    28-0 

Plas  Nevoydd^  TrefnanL 

A  surface  (dip)  well,  in  red  sand. 

Parts  per  100,000. 

Hardness,  temporary 4*0 

„         permanent .    20*0 

Total  ...••••    240 
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Bromvylfa  Garden^  St.  Asaph, 
Surface  well,  in  red  sand. 

Deep  Well  at  Ilafod-y-Green^  TrefimnL 
About  90  feet  deep. 

Analysii  made  by  Dr.  Campbell  Bbowkb,  December  15, 1877. 

Parts  per  100,000. 

Total  solids 148-0     (inclading  Fe  and  sulphates) 

Ammonia "004 

Ammonia  from  organic  matter  by  I  .^ao 

alkaline  distillation         .        .       j  ""^ 

Nitrogen,  as  nitrates  and  nitrites  *46 

Combined  chlorine     ....  27*6  =  45*32  grains  of  common  salt 

Total  hardness 46*0 

This  water  contains  a  little  organic  matter  and  the  remains  of  oxidised 
animal  matter  of  some  kind  ;  but  the  quantity  is  not  large,  and  probably 
the  water  might  be  easily  kept  sufficiently  pure  so  far  as  these  constituents 
are  concerned.  It  contains  a  very  excessive  proportion  of  common  salt, 
and  a  considerable  proportion  of  chloride  of  calcium  and  sulphate  of 
calcium  and  other  phosphates.  If  this  can  be  accounted  for  by  the 
infiltration  of  sea  water  through  the  sand,  or  by  the  occurrence  of  salt 
deposit  in  the  rock,  the  saltness  may  be  considered  not  to  affect  the 
wholesomeness  of  the  water ;  if  the  cuJtness  cannot  be  accounted  for  in 
this  way  the  water  must  be  considered  a  suspicious  one. 


.  Shropshire. 
Collected  by  Mr.  Thos.  A.  Stookb,  C.E. 

1.  At  the  Shropshire  and  Montgomery  Connties  Lunatic  Apylum,  Bicton,  near 
Shrewsbury,  la.  In  1891  and  1892.  2.  267  feet  above  Ordnance  Datum. 
3.  Depth  of  well  117  feet,  diameter  6  feet.  Depth  of  bore-hole  190  feet,  diameter 
8  inches.  3a.  107J  feet  to  the  top  of  Storage  Heading ;  length,  31  feet ;  contents, 
1],400  gallons.  *•  Water  stands  about  105^  feet  below  the  surface  before  pumping, 
and  is  lowered  about  2  feet  when  the  usual  day's  supply  is  pumped.  The  ordinary 
water  level  is  restored  in  about  three  hoars,  fta.  lOG  feet  was  the  point  of  water 
level  in  the  well ;  but  when  the  bore-hole  was  pat  down  the  level  was  raised  nearly 
I  foot  in  the  well,  to  which  point  it  barely  rises  now.  3.  In  May  1893  the 
duplicate  engines  and  pumps  were  worked  together,  pumping  off  7,200  galUms 
per  hifur,  at  the  rate  of  172,800  gallons  in  the  twenty-four  hours,  with  the  following 
results,  the  valve  controlling  the  supply  from  bore-hole  being  fulty  open,  viz.— 

Ft.  in. 

With   4  hours'  pumping  the  depth  of  water  was  4    9 

ff      6  t»  »  „  4    3 

»»      •'  t»  »»  »»  4    O 

,,     10  „  „  „  4    0 

No  further  reduction  in  the  water  level  was  made.  The  average  quantity  pumped  is 
about  46,000  gallons  daily.  6.  Only  as  before  referred  to  Query  4a.  7.  Not  affected 
by  rainfall.  The  water  stands  about  6  feet  above  the  summer  flow  of  the  Kiver 
Severn.    8.  Analysis  by  Mr.  Blunt,  Public  Analyst  for  Shropshire : — 
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Gruos  per  GaUoD. 
Solids  in  suspension  (none) 

Solids  in  solution  dried  at  140^  C 220 

Oxygen  absorbed  in  four  hours  at  16®  C.  0*014 

Saline  ammonia 0*003 

Albuminoid  ammonia 00055 

Nitrogen  in  nitrates 0*26 

Nitrites  (none) 

Chlorine  in  chlorides 1*45 

Hardness,  temporary 1 1  J** 

„         permanent 6|^ 

Total                .  180*» 

An  approximate  analysis  of  solids  gives  the  following  results : — 

Graion  per  Gallon. 

Carbonates  of  alkaline  earths,  principally  lime       .  16*0 

Sulphate  of  magnesia 3 '6 

Chloride  of  sodium 2-4 


220 

This  is  an  excellent  drinking  water,  free  from  all  trace  of  animal  contamination ;  it 
is,  perhaps,  a  little  hard  for  general  purposes,  as  is  the  case  with  all  the  water  of  the 
district.    Water  used  for  laundry  purposes  is  softened. 

Ft. 

9.  Yellow  clay  with  pebbles 9 

Handy  red  clay         .  4 

Sandy  gravel    .        .        .' 3 

Sandy  grey  and  red  loam 19 

Coarse  gravel '3 

Red  sandstone  rock  (Burner  beds)  ....      55 
Grey  „  „  ....        6 

Red  „  „  ....      91 


190 

9a.  A  steadily  increasing  yield  of  water  was  met  with  from  106  feet.  The 
greatest  increase  was  from  the  bore-hole  below  150  feet,  which  caused  the  water 
level  to  rise  in  the  well.  lO.  Yes.  11.  Yes,  the  well  is  lined  with  iron  cylinders  to 
tlie  depth  of  85  feet.  12.  The  Permian  measures  outcrop  about  700  yards  south  of 
the  site.  13.  No.  1*.  No.  IS.  An  old  well  under  the  asylum  buildings  has  been 
abandoned  and  filled  in  on  account  of  the  surface  water  finding  its  way  into  it. 


Collected  by  Mr.  Thos.  A.  Stookb,  C.j^.,  Shrewsbury. 

1.  Hinnington,  on  the  Hatton  Estate,  about  2^  miles  south  of  Shifnal,  Salop. 
Xa.  Tube  wells  driven  in  1889.  2.  172  feet  O.D.  approximately.  S.  Three  2-inch 
tube  wells  are  driven  to  the  depth  of  about  ten  feet,  and  connected  by  a  horizontal 
pipe  under  the  ground  surface.  3a.  — .  ft.  Water  stands  about  two  feet  under  the 
surface  of  the  ground  outside  the  tube.  %a.  Wells ;  it  is  lowered  only  f  ths  of  an 
inch  while  pumping.  On  ceasing  to  pump  the  ordinary  water  level  is  at  once 
restored.  3.  The  yield  of  water  flowing  freely  through  the  pipe  connectiDg  the  tube 
wells  together  was  found  to  be  64,800  gallons  in  the  twenty-'our  houra.  Pumping 
into  a  storage  reservoir  containing  30,000  gallons  takes  place  twice  during  the  week  ; 
the  daily  consumption  is  about  3,000  gallons.  6.  Water  level  does  not  vary, 
(T)  and  is  not  affected  by  rainfall,    a.  Analysis. 

Graloti  per  Gallon. 

Total  solid  contents 130 

Chlorine  in  chlorides 0*95 

Nitrogen  as  nitrates 0*08 

Oxygen  absorbed 0*009 

Total  hardness 10*5^ 
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'  A  pure  and  excellent  water  both  for  drinking  and  general  domestic  use.' 
9.  Section  gave  18  inches  of  soil  with  a  httle  clay»  and  a  sharp  white  and  red  sand 
on  (9a)  the  Bunter  series  of  the  Kew  Red  Sandstone.  10«  No.  11.  12.  The  Permians 
ontcrop  about  one  mile  on  the  west.  13.  Ko.  lft«  No.  IS.  No.  16.  Wells  on 
the  north-east  of  the  estate,  after  being  deepened  on  several  occasions,  have  been 
abandoned  on  account  of  the  bteadily  decreasing  water  levels  in  the  Bunter  beds, 
occasioned  by  the  pumping  operations  at  the  Cosford  well  and  bore-hole  of  the 
Wolverhampton  Corporation  Water  Works. 

Messrs,   Walker^s  Worksy  Donnington^  Salop,    Particulars  received  from 
^  Messrs.  Timmiks  &  Sons,  Bridgwater  Irontvorksy  Runcorn, 

1.  At  Messrs.  C.  and  W.  Walker^s  works,  Donnington,  Salop.    \a.  Well  deepened 
and  bore-hole  put  down  May  1886.    2.  Approximately  23G  feet  CD. 

Ft.  in.  Ft  in. 

3.  Depth  of  well  30  0  Diameter  4    3 

Depth  of  bore-hole  234  0         „  0    6 

,,         303  4         „  0    4 

3a.  No  drift  ways.    ft.  Natural  water  level  26  feet  under  the  sui-face.    %a.  No 
record.    3.  27,648  gallons  in  twenty-four  hours.    6.  Not  known  to  have  diminished. 

Ft.    in, 

9.  Red  sandstone  to  about         ....    135    0 

Soft  loamy  sandstone,  requiring  caaing  tubes    167    4 
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Gallons  in  24  Hour:>. 
9a,  The  yield  of  the  well  alone       ....  500 

With  boie-hole  at  the  depth  of  212  feet  .        .         6,760 
On  the  completion  of  bore -hole  .        .       27,648 


Nottinghamshire. 

The  Worksop  Waleruoorks  Co, 

Collected  by  Mr.  Tyldbh  Wbioht. 

1.  Worksop,  Notts.  On  a  hill  north  of  the  town.  la.  1876.  No.  2.  200  feet. 
Ordnance  map.  3.  Well  150  feet  deep,  5  feet  diameter;  365  feet  from  surface  to 
bottom  of  bore  hole,  10  inches  diameter.  3a.  No  drift  ways.  «.  180  feet  before 
pumping,  145  feet  after  pumping.  1  hour.  fta.  No  record.  3.  300,000  gallons. 
190,000  gallons  daily  quantity.  6.  Slightly ;  the  supply  is  better  in  tummer  than  in 
feinter,    7.  No. 

Per  Million  Gallons. 

a.  Free  ammonia '0375 

Ammonia  from  organic  matter -0475 

Grains  per  Gallon. 

Chlorine       .        .        • 2-63 

Dissolved  mineral  matter 30*00 

Hardness,  temporary 7** 

„         permanent 14® 

Total    .        .         21*> 

lO.  No  drift.    11  to  13.  No. 
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Nev3  Totvn,  Bcuikweliy  Mr.  Bagnat^s  Brewery. 

by  Messrs.  Domra. 


Mctde  and  communicaied 


Collected  by  Mr.  W.  Whitakbb,  F  JI.S. 
Dug  6  feet,  the  rest  bored. 


Red  marl        .        .  .        . 

Hard  red  sandstone 

Red  marl,  with  veins  of  grey. 

Hard  grey  stone     . 

Red  mnrl        .        .  .        , 

Grey  stone      .        .  .        , 

Red  marl        .        .  .        , 

Grey  stone     .        .  .        , 


Thicknen 


Ft. 

47 

n 

1 
1 

1 
1 


Depth 


Ft. 

47 
48i 

104 

106J 

107  f 

108  t 

109  f 

110  r 


Lincolnshire. 

Particulare  of  Bore'1u>les. 

Collected  by  C.  E.  db  Range  from  Mr.  £.  C.  B.  Tudor,  C.E.,  Goole. 

1.  Hook  Road,  at  N.E.R.  cottages.  Total  depth,  200  feet ;  4-inch  bore-hole  for 
domestic  supply.  Warp. — Blue  marl,  with  gypsuin  (Keuper  marls).  Surface  level 
about  10  feet  above  the  Ordnance  Datum ;  bottom  of  boring  190  feet  below  it. 

a.  Armin,  village  supply,  boring  200  feet ;  all  in  soft  New  Red  sandstone.  Surface 
level  about  10  feet  above  CD. ;  bottom  of  bore-hole  190  feet  below  it. 

3.  Booth  Ferry  Road,  Goole  Local  Board,  6-inch  trial  bore,  366  feet  deep.  Pro- 
bably the  first  28  feet  was  drift,  the  remaining  beds  being  sands  and  sandstones, 
with  80  feet  of  marls  in  six  beds.  The  surface  level  is  10  feet  above  CD.,  and  that 
of  the  bottom  of  the  bore-hole  356  feet  below  it. 

ft.  RawclifFe  Bridge,  Goole  supply.  Well  60  feet  deep,  10  feet  diameter.  No 
boring  works  were  commenced  in  1882.  The  engine-house  floor  is  level  with  the 
canal,  which  is  11*6  feet  above  CD.  The  water  stands  at  28  feet  below  the  surface, 
and  at  40  feet  after  24  hours'  pumping,  or  17  feet  and  29  feet  below  CD.  respectively. 
Before  any  pumping  took  place  it  stood  at  22  feet  from  the  surface,  or  11  feet  below 
O.D.  The  average  quantity  of  water  pumped  is  a  quarter  of  a  million  gallons ; 
working  the  two  pumps  double  that  quantity  can  be  lifted. 

fta.  Pulp  Works,  about  400  yards  to  N.B.  Well-boring  300  feet  deep,  of  12  Inches 
diameter,  in  red  sandstone.  Tield  \\  million  gallons  per  day,  which  lowers  the  water 
level  of  No.  4  3  feet.    Level  above  O.D.  about  12  feet. 

S.  New  Bridge,  near  Snaith.  Goole  Local  Board  trial  boring,  500  feet,  with 
6-inch  diameter.  The  boring  is  about  17  feet  above  CD.,  the  bottom  483  feet  below 
it.    The  section  in  abstract  is  as  follows  :— 


46  feet  brown  warp,  peat,  and  loam 
51     „    gravel,  magnesia  limestone  fragments 
500    „    red  marly  sand  and  variegated  marls  . 


Feet. 

46 

5 

449 


Of  the  red  measures  32  feet  consist  of  coarse  red  sand,  11  feet  of  variegated  marls, 
the  balance  of  marly  sands ;  the  whole  I  regard  as  belonging  to  the  Keuper  Water- 
stones,  and  call  the  '  Goole  Beds.*  They  appear  to  be  put  of  the  series  found  at  the 
Booth  Ferry  Road,  and  if  so  the  beds  must  be  repeated  by  a  fault ;  but,  if  so,  the 
latter  can  have  no  great  north  and  south  range,  for  if  it  had  no  water  from  the  west 
could  pass  through  it,  and  no  water  would  be  found  at  Rawcliffe  and  Goole.  But  it 
is  quite  possible  that  an  east  and  west  fault,  with  a  southerly  downthrow,  ranges 
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through  the  district,  and  may  be  connected  with  the  fault  at  Addy  Wood  in  the 
Permians,  or  these  beds  may  be  thrown  in  by  a  yery  local  trough  fault,  which  view 
is  supported  by  the  small  supply  of  water  met  with. 

6.  East  Cowick.  Village  supply.  Boring  4  inches  diameter,  90  feet  deep. 
Through  '  pan  sand'  (drift  sand  cemented  by  oxide  of  iron)  and  very  soft  red  sand- 
stone.  Water  good,   burface  level  20  feet  above  CD.,  bottom  level  70  feet  below  CD. 

7.  West  Cowick.  Village  supply.  Depth,  diameter,  and  section  same  as  No.  6. 
Surface  level  25  feet  above  CD.    Site  close  to  '  Bay  Horse  Inn.* 

8.  West  Cowick.  Trial  boring  N.N.W.  of  No.  7.  Surface  level,  25  feet  above 
CD. ;  depth,  80  feet.    Marl,  &o.,  here  pointing  to  some  disturbance. 

9.  West  Cowick.  Hartley's  Brewery.  Surface  level,  25  feet  above  CD. ;  depth, 
1,050  feet;  bottom  level,  1,025  feet  below  CD. 

Section  (1,060  feet)  :—  Fe^t. 

Red  gravel 55 

Bed  sandstone 623 

Beds  not  reported 372 

Total  liardness  of  water,  14*0^. 


lO.  South  Field.  Trial  boring  for  Goole  supply,  south  of  Park  House  Farm. 
Surface  level,  about  16  feet  above  CD.;  depth,  152  feet;  level  of  bottom  of  bore- 
hole, 137  feet  below  CD.    Water  stated  to  be  good. 

10a  and  lOb.  Trial  borings  for  Wakefield  Corporation,  west  of  Heck  railway 
station,  where  the  sandstone  rock  is  visible.  Surface  level,  iO  feet  and  50  feet  above 
CD.  The  late  Dr.  Letheby  reported  as  follows  on  these  samples,  on  October  22, 
1875.  Sample  A,  bore-hole  in  Mr.  Drewer*s  land,  taken  at  12  P.M.,  September  16, 
1875 ;  Sample  B,  from  No.  2  bore-hole,  taken  October  13, 1875 :— 


Grains  per  Gallon 

Sample  A 

Sample  B 

Ammonia  from  organic  matter 

Nitrogen,  or  nitrates 

•0002 
•0000 
•0736 

•0001 
•0002 
•0586 

Total  solids             

19-30 

13-33 

Hardness— temporary 

„          permanent 

14-3« 
7-0« 

100*> 
6-0° 

This  water  is  thoroughly  free  from  oiganic  impurity  and  of  moderate  hardness,  and 
in  every  way  thoroughly  suited  to  be  a  source  of  public  water  supply. 

11.  Fontefract  Water  Supply  Well.  One  mile  S.W.  of  Aire,  at  Chapel  Had- 
dlesey,  which  is  the  highest  point  to  which  the  tide  flows.  Surface  levels,  25  feet 
above  CD. 

Dr.  Franklin  Parsons,  of  the  Local  Government  Board,  was  good  enough,  in 
February  1892,  to  give  some  very  valuable  information  to  the  Committee  as  to  the 
quality  of  the  water  of  the  Goolc  district,  from  which  report  the  following  abstract 
has  been  made : — 

The  water  from  the  red  sandstone  at  Goole  is  of  a  peculiar  character,  containing 
a  large  amount  of  free  ammonia,  of  solid  matter  and  soap^lestroying  salts,  chiefly 
magnesia  and  iron  in  a  ferrous  state ;  though  clear  at  first,  it  afterwards  throws  down  a 
rusty  sediment,  at  the  same  time  losing  its  chalybeate  taste  and  smell,  which  at  first 
is  very  apparent.  At  Selby,  and  to  a  less  extent  at  Rawcliffe,  this  is  not  the  case ; 
and  he  points  out  that,  in  the  first  case,  the  sandstone  is  covered  wiUi  impermeable 
clays ;  in  the  second,  the  gathering  ground  is  either  bare  rock  or  rock  covered  with 
porous  gravels ;  and  jastly  observes  that  the  water  in  the  red  sandstone  is  *  aerated 
in  one  case  and  not  in  the  other.* 
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Waierfrom  Booth  Ferry  Boad—Trial  Boring, 


Date 

Aug.  18, 1875 

Sept.  le,  1875 

Oct.  80, 
1875 

Not.  8, 
1876 

Not.  89, 
1876 

Not.  30, 
1875 

Depth 

Character    .       . 

Free  ammonia    .... 

Hardness,  total  .... 
M        permanent 

TotsIsoUds 

Chlorine 

Nitric  acid 

Iron 

Sulphuric  acid    .... 

sefeet 
Busty  sediment 
-es  per  million 
•08 

80^0 

10^0 

33-0 

1*5 

M^h 
Moderate 

? 
Becomes  turbid 
•83 
•035 

36-0 
11 

300  feet 

Ditto 

1-40 

•06 

81-0 

8-5 

as-5 

IS 
0^ 

Ditto 
1-19 
•06 

84-0 

10-6 

83-0 
13 

see  feet 

8^ 
•055 
86-0 
18i) 
37-0 

1-4 

MTOh 

1^94 
•03 
84-5 
18^5 
83-0 
1-4 

0-4' 

The  last  sample  gaTc  18*5  grains  per  gallon  of  carbonate  of  magnesia. 

At  Rawdiife  Station  Well  samples  taken  September  16, 1875,  showed  the  same 
chalybeate  taste  and  smell  which  obtaisH  at  Goole,  bat  the  quantity  of  ammonia  is 
less,  tbns : 

Per  Million  Parts. 

Free  ammonia -03 

Albaminoid  ammonia *03 

Tlie  hardness  is  also  les^,  the  total  being  12*5,  and  permanent  only  4*5.    The  total 
solids  were  only  80  grains  per  gallon,  bnt  the  chlorine  is  2*3. 

At  Rawoliffe  Hall  Well,  260  feet,  in  the  New  Red  Sandstone,  the  temperature  of 
the  water  is  51^ ;  it  has  no  taste  or  smell,  and  only  contains  27  grains  of  solids  to  the 
gallon. 

At  Selby  Waterworks  a  sample  of  water  taken  July  27, 1874,  yielded  the  fol- 
lowing : — 

Per  Million  Parts. 

Free  ammonia -03 

Albaminoid  ammonia '025 

Hardness,  total 9*5^ 

M         permanent 4*5^ 

Chlorine 21« 

These  resalts  establish  the  ^t  that  on  approach  to  the  oatcrop  of  the  New  Red 
Sandstone  there  is  direct  increase  of  parity,  both  as  regards  ammonia,  total  solid 
imparity,  and  amonnt  of  hardness,  and  they  agree  with  the  resalts  of  Dr.  Letheby, 
at  Heck,  taken  a  month  later  in  the  same  year. 


Berkshire. 
New  Lodge,  Windsor  Forest.     Professor  Hull,  F.R.S. 


Tebtiabt. 


Feet. 

Bagshot  Sand 1  on 

London  Clay |  -:i4 

Chalk 725 

Cbbtaceous.    Upper  Qreensand 31 

GaultClay 264 

Lower  Qreensand 7 


Total 


1,241 


Very  HttJe  water  was  struck  till  the  borer  reached  the  Lower  Green- 
sand,  when  it  came  up  with  great  force,  7  feet  above  surface  of  ground. 
The  position  is  very  near  the  centre  of  the  London  Tertiary  Ba^,  and 
the  level  about  230  feet  above  O.D.,  but  of  this  I  am  not  quite  certain. 

'  For  section  of  this  well  see  reprint  of  author's  papers  in  Proe.  ff  Yorks,  Poly-^ 
teclinie  and  Geological  Society, 
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Wiltshire. 

BoriTig  cU  Gas  Works,  Fordinghridge,  Stdubury,  1887,  by  Messrs.  Tillky. 

Details  famiabed  by  Messrs.  Tillbt  and  B.  Wbstlakk,  F.6.8. 


Thickness  in 
Feet 


Depth  in 
Feet 


Sou— 

Black  mould 

Biver  gravel — 

Broken  sabangular  gravel  in  a  good  deal  of  sand . 
Lower  Bagshot  (Base  of  V)— 

Fine  grey  qnartz  sand,  clayey  in  places 
London  clay,  118  feet — 

Qrey  sandy  clay 

Sand  and  pebbles 

Hard  stiff  clay 

Sand,  with  pebbles  at  the  base      .... 

Sandy  clay 

Septariom  containing  fossils,  Turritella  imhriea- 

taria^  ko 

Clay 

Hard  stone 

Dark  clay 

Dark  clay  with  shells,  probably  Pkoladamya 

Dark  bluish  clay 

Hard  stone 

Dark  bluish  clay  with  a  few  small  pebbles — 

Cardita  planioata^  Rogtellaria  Uicida,  Sow., 

TwrnteUa  imhricataria 

Hard  stone 

Clay 

Brown  clay,  very  hard  and  compact 

Septarium  (met   with  at  same   depth  in   both 

borings) 

Sand  and  day,  with  water  under  the  stone  . 

Sand  and  water 

Sandy  day 

Sand,  shale,  and  pebbles  (Basement  bed  7  Donbt* 

fed  if  pebbles  are  more  than  6  inches  thick) 
Reading  Beds,  74  feet- 
Light  grey  day  laminated  with  grey  sand    . 
Qreenish-brown   loam  with  a  little  glauoonitic 

sand  and  lignite 

Bnff-colonred  calcareous  stone,  4  inches 

Light  brown  clay 

Brown  clay 

Mottled  clay,  31  feet — 

Whitish-grey  or  pale  green  clay,  with  occasional 
streaks  of  red 

Light  grey  pipe  clay 

Red  clay 

Yellow  clay,  greyer  towards  the  base 

Dark-brown  or  chocolate-coloured  day 

Purple  day  streaked  with  ochre 
Marl,  9  feet— 

Palo  bluff-coloured  marl 

White  highly  calcareous  marl    .... 

Pale  green  or  olive-coloured  marl  with  small 

calcareous  lumps 

Greensand  (glauoonitic  quartz  and  iron  grains) 

with  ovs^tfr  shells 

Chalk 


12 


14 

20 


8 

28 

2 

30 

10 

40 

4 

44 

6 

60 

1 

51 

8 

59 

1 

60 

7 

67 

3 

70 

14 

84 

i 

84J 

7 

9H 

4 

92 

8 

100 

4 

104 

14 

1054 

20 

125 

3 

138 

7 

1361 

3 

1384 

6 

1444 

lU 

156 

156} 

3J 

160 

2 

162 

14 

176 

1 

177 

3 

180 

8 

188 

2 

190 

3 

193 

3 

196 

4 

200 

2 

202 

10 

212 

7 

..219 

DiyiiizyU  Uy 
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Level  of  ground  88  feet  above  Ordnance  Datum.  Water  from  the 
sand  at  125  feet  rose  to  13  feet  above  the  ground.  The  flow  of  water  is 
about  2,000  gallons  per  day.  No  appreciable  additional  quantity  of  water 
was  obtained  from  the  Reading  Beds  or  from  the  Chalk,  and  the  pipes 
were  withdrawn  to  the  base  of  the  London  Clay. — (E.  W.) 


List  of  Queries  circulated. 


1.  Poiitwn  of  well  or  shafts  with  which 

you  are  acqnainted  7 
la.  State  ^^  at  which  the  well  or  shaft 
was  originally  sunk.    Has  it  been 
deepened   since    by   sinking    or 
boring,  and  when  7 

2.  Approximate  height  of  the  surface 

of   the  ground    above  Ordnance 
Datum  (mean  sea  level)  7 

S.  Depth  from  surface  to  bottom  of 
shaft  or  well,  with  diameter.  Depth 
from  surface  to  bottom  of  bore- 
hole, with  diameter  7 

Sa.  Depth  from  the  surface  to  the  hori- 
zontal drift-ways,  if  any  7  What 
is  their  length  and  number  7 

ft.  Height  below  the  surface  at  which 
water  stands  hefore  and  after 
pumping.  Number  of  hours 
elapsing  before  ordinary  level  is 
restored  after  pumping  7 

fta.  Height  below  the  surface  at  which 
the  water  stood  when  the  well  was 
first  8unk,  and  height  at  which  it 
stands  now  when  not  pumped  ? 
Quantity  capable  of  being  pumped 
in  gallons  per  day  of  24  hours  1 
Average  quantity  daily  pumped  7 
Does  the  water  level  vary  at  different 
seasons  of  the  year,  and  to  what 
extent  7  Has  it  diminished  during 
the  last  ten  years  7 


5. 


6. 


7.  Is    the    ordinary  water  level   ever 

affected  by  local  rains,  and,  if  so, 
in  how  short  a  time  7  And  how 
doe»  it  stand  in  regard  to  the  level 
of  the  water  in  the  neighbouring 
streams  or  sea  7 

8.  Analysis  of  the  water,  if  any.    Does 

the  water  possess  any  marked 
peculiarity  7 

9.  Section^  with    nature  of    the  rock 

passed  through,  including  cover 
of  drift,  if  any,  with  thiekness  7 
9a.  In  which  of  tlie  above  rocks  were 
springs  of  water  intercepted  7 

10.  Does  the  cover  of  Drift  over  the  rock 

contain  surfaoe  springs  7 

11.  If  so,  are  these  la/nd  springs  kept 

entirely  out  of  the  well  7 

12.  Are  any  large  faults  known  to  exist 

close  to  the  well  7 

13.  Were    any    brine    springs    passed 

through  in  making  the  well  7 
1ft.  Are  there  any  salt  springs  in  the 
neighbourhood  7 

15.  Have  any  wells  or  borings  been  dis- 

continued in  your  neighbourhood 
in  consequence  of  the  water  being 
more  or  less  hracldsh  7  If  so,  please 
give  section  in  reply  to  qucrv 
No.  9. 

16.  Kindly  give  any  further  information 

you  can. 


Tlie  Eurypterid-bearing  Deposits  of  (lis  Pentland  mils, — Second  Report 
of  the  Committee^  consisting  of  Dr.  R.  H.  Traquair  (Ghairmav)^ 
Professor  T.  Rupert  Jones,  and  Mr.  Malcolm  Laurie  (Secretary), 
{Brawn  up  by  the  Secretary.) 

During  the  past  year  a  considerable  amount  of  time  has  been  spent  in 
developing  the  material  already  acquired.  The  grant  of  money  was  chiefly 
expended  in  securing  the  assistance  of  Mr.  Henderson,  the  original  dis- 
coverer of  these  fossil  beds.  Thanks  to  his  able  assistance  a  considerable 
part  of  the  material  has  been  worked  over  with  very  satisfactory  results, 
though  much  yet  remains  to  be  examined. 

The  specimens  already  obtained  include  five  species  of  Eurypteridse 
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belonging  to  four  genera.  One  of  these,  a  specimen — unfortunately  badly 
preserved — of  Pterygotua^  is  new  to  this  loodity,  and  is  in  all  probability 
new  to  science.  It  is  allied  by  the  form  of  tiie  telson  to  Pt.  anglicu» 
from  the  Old  Red  Sandstone  rather  than  to  the  common  Silurian  form 
PL  bilohus.  It  is  the  first  species  with  a  pointed  telson  from  the  Silurian, 
of  this  country,  though  this  form  of  telson  has  been  described  by  Pohlmann 
from  the  Buffiklo  Limestones  of  America. 

The  genus  Ewrypteraa  is  also  only  represented  by  a  single  specimen, 
which,  though  much  larger  than  the  type  specimen,  I  am  inclined  to  refer 
to  Ewrypterus  conicu8, 

Styionwrus  omatusy  the  large  form  from  these  beds,  is  represented  by  a 
considerable  number  of  specimens,  mostly  fragmentary.  One  specimen 
shows  the  body  minus  the  carapace  and  telson  to  have  been  10  inches  in 
length.  The  details  of  a  number  of  the  appendages  have  been  made  out, 
including  the  two  posterior  pairs  which  are  the  long  walking  legs  charac- 
teristic of  the  genus.  The  posterior  of  these  has  a  length  of  9  inches,  the 
anterior  of  about  7^  inches.  In  front  of  these  two  appendages  I  have 
made  out  representatives  of  two  other  pairs  of  limbs,  both  of  which  are 
furnished  with  long  spines.  The  detailed  description  of  these  and  other 
points  of  interest  must,  however,  be  postponed  till  a  more  thorough  investi- 
gation has  been  made. 

The  other  species  of  Stylonurua  which  occurs  in  these  beds — St.  mac- 
rophihalmus — is  well  represented.  One  specimen  is  almost  complete,  only 
wanting  the  telson  and  part  of  one  side  of  the  body.  It  shows  four 
appendiages  down  one  side.  The  two  posterior  limbs  are  more  unequal  in 
size  than  is  usual  in  this  genus,  the  anterior  one  being  far  more  slender 
than  the  posterior  and  only  two-thirds  its  length.  The  appendages  in  front  of 
these  do  not  appear  to  be  so  wdl  furnished  with  spines  as  in  St,  (ynicUus. 
Another  specimen  of  this  form,  though  very  fragmentary,  has  shown,  after 
careful  development,  five  legs  down  one  side  of  the  carapace.  They  have 
not  yet,  however,  becm  fully  worked  out.  There  are  various  other  fragments, 
showing  parts  of  the  body,  tail  spines,  &c. 

Of  the  other  form  occurring  in  these  beds,  Drepanopterus  perUlandicuSj 
we  have  been  fortunate  enough  to  secure  one  almost  perfect  specimen, 
which  shows  the  form  of  the  b^y  and  three  pairs  of  limbs.  The  form  of 
the  last  pair  of  limbs  but  one  confirms  the  relationship  of  this  form  to 
Stylonuru8.  There  are  many  other  more  or  less  fragmentary  specimens, 
which  may  be  expected  to  yield  further  information  as  to  the  details  of 
this  interesting  genus. 

Besides  the  Eurypteridse  the  bed  has  yielded  a  considerable  number  of 
other  fossils,  among  which  may  be  mentioned  :  Oraptolites,  various  Poly- 
2soa,  a  species  of  Gomphoceras,  Lingula  and  other  brachiopods.  These, 
when  properly  identified,  may  be  expected  to  yield  important  information 
as  to  the  exact  horizon  of  the  beds. 

In  view  of  the  large  amount  of  material  which  yet  remains  to  be 
examined  and  the  interest  of  the  results  which  are  briefly  referred  to  above, 
your  Committee  ask  to  be  continued  for  another  year  with  a  further 
grant. 
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Sffyiiesfield  Slate. — Beport  of  the  Committeey  consisthig  of  Mr.  H.  B. 
Woodward  (Chairman),  Mr.  E.  A.  Walford  (Secretary),  Professor 
A.  H.  Green,  Dr.  H.  Woodward,  and  Mr.  J.  Windoes,  appointeil 
to  open  further  sections  in  tlte  neiglihourliood  of  Stonesfield  in  order 
to  sliow  tlie  relationship  of  tJie  Stoniesfield  Slate  to  the  underlying 
and  overlying  strata.  (Dravni  up  by  Mr.  Edwin  A.  Walford, 
Secretary.) 

The  basement  beds  of  the  Great  Oolite  ia  the  Midlands  and  in  the  south- 
west counties  of  England  have  been  hitherto  supposed  to  be  well  defined. 
For  in  all  the  records  of  the  many  writers  on  this  geologic  subdivision, 
to  the  Stonesfield  Slate  has  been  assigned  the  line  of  separation  from 
the  Fuller's  Earth  or  Inferior  Oolite,  or,  where  the  Stonesfield  Slate  is 
absent,  as  in  the  extreme  west,  to  the  Minchinhampton  beds  has  been 
given  the  same  position.  Undue  prominence  has  been  given  to  so  incon- 
stant a  series  of  beds  as  the  Slate,  as  much  from  the  ease  with  which 
fossils  for  its  study  have  been  collected  as  from  the  varied  character 
of  the  fauna  and  flora  found  in  it.  From  the  days  when  the  finding  of 
the  mammalian  remains  in  the  Slate  called  the  attention  of  geologists 
prominently  to  it,  every  text-book  of  geology  has  found  a  place  for  it  at 
the  bottom  of  the  Great  Oolite  limestones.  Though,  however  text-books 
and  papers  have  defined  the  lower  boundary  of  the  Great  Oolite  so  clearly, 
the  officers  of  the  Geological  Survey  in  their  work  in  the  neighbourhood 
of  Stonesfield  found  the  lines  so  difficult  to  define  that  it  be^une  neces- 
sary, where  the  Slate  had  disappeared,  to  adopt  an  intermediate  colour- 
ing, a  kind  of  no-man's-land.  Since  then  an  argillaceous  stratum,  *  the 
Kift  bed,'  has  been  recognised  as  the  lowest  of  the  Great  Oolite  beds  in 
the  Banbury  and  Hook  Norton  area. 

The  endeavour  of  the  work,  for  which  the  British  Association  made  a 
money  grant  in  1893,  has  been  to  ascertain  the  thickness  and  composition 
of  the  beds  underlying  the  Slate,  for  hitherto  no  account  of  these  beds  has 
been  obtainable,  Professor  Ed.  Hull's  record  ^  of  70  feet  being  the  only 
assumed  thickness  of  the  Great  Oolite,  and  to  this  he  adds  30  feet  for  the 
Inferior  Oolite.  Though  their  thicknesses  seem  to  be  over-estimated,  no 
correction  or  account  of  a  series  of  rocks  so  important  has  since  then  been 
written.  Nearer  Chipping  Norton,  however,  Mr.  J.  Windoes,  Mr.  W.  H. 
Hudleston,^  and  your  Secretary  ^  have  worked  at  some  of  the  debatable 
beds  above  the  Clypeus  grit,  one  of  the  highest  of  the  Cotswold  divisions 
of  the  Inferior  Oolite.  To  the  bulk  of  these  beds  has  been  given  the  name 
of  the  *  Chipping  Norton  Limestone '  by  Mr.  Hudleston,'  and  though  the 
beds  have  not  been  reached  in  the  section,  they  may  be  seen  in  the  lane 
sections  and  near  the  spring  on  the  banks  of  the  Evenlode,  south  of 
Stonesfield.  Your  Secretary  in  1892-93  sank  a  shaft  near  Ditchley,  Oxon, 
to  find  out  the  true  position  of  the  Slate  beds  there ;  but  of  this  an  account 
will  be  published  elsewhere. 

The  progress  of  the  work,  so  far,  at  Stocky  Bank,  Stonesfield,  has 

■  Export  Brit.  A*9oe.,  1860,  p.  82  (Sectional  Proceedings). 
«  W.  H.  Hudleston.  Pnte.  Geol.  Attoe.,  vol.  v.  No.  7. 

*  E.  A.  Walford,  *  On  the  Relation  of  the  so-cailed  Northampton  Sand  of  N.  Oxon 
to  Clypeas  Grit/  Q.J.O.S.,  vol.  xxxix.  p.  235. 
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consisted  in  scarping  the  bank  for  33  feet,  and  in  continuing  the  section 
by  carrying  a  shaft  of  20  feet  in  depth  through  the  lower  bank.  The 
purpose  of  the  work  has  been  so  iax  successfully  carried  out  by  showing  the 
existence  of  30  feet  of  rock  with  some  thin  clay  courses  below  the  Slate. 
These  limestones  and  clays  (see  accompanying  section  on  p.  306)  are  of  Great 
Oolite  type.     To  reach  the  Clypeus  grit  will  need  an  extension  of  time. 

Your  Secretary  has,  by  the  discovery  of  numerous  species  of  corals  on 
the  ploughed  fields  on  the  bank  top,  been  able  to  define  the  coral  bed 
(Rift  bed)  ^  so  prominent  a  feature  in  the  near  section  at  Ashford  Bridge. 
Seventeen  feet  below  the  coral  bed  a  course  of  Slate  is  met  with,  almost 
thinned  out  at  that  point,  and  only  from  5  to  7  inches  in  thickness  ; 
the  total  thickness  of  it  and  the  associated  beds  (10,  12,  13  of  the  section) 
being  about  5  feet.  The  usual  fossils,  Trigania  impressaj  <bc.,  occur.  In 
the  lower  limestones,  15  and  17,  are  greenish  clay  inclusions. 

Th^  great  mass  of  buff  limestone  below  the  slate  is  almost  unf ossilif erous, 
and  nether  its  mineralogical  character  nor  its  few  fossils  give  sure  evi- 
dence of  its  relationship  to  neighbouring  beds. 

PrcAninent  in  the  lower  half  of  the  section  is  the  breaking  up  of  the  cal- 
careous series  by  small  clay  beds,  and  of  these  No.  23,  with  its  dark  compact 
clays,  is  in  part  made  up  of  oyster-shell  fragments.  It  contains  numerous 
compressed  shells,  Fema  qtuidrcUay  Nucula^  i&c.,  but  washings  of  the  beds 
yield  hardly  any  microzoa.  The  limestone  above  the  clay  yields  well- 
known  Great  Oolite  shells,  Mytilus  Sowerbyanua,  Rhynchondla  concintuiy 
and  Ostrea  Sowerbyi.  The  shelly  limestone  below  the  clay  is  in  part  an 
Oyster  lumachelle,  and  passes  into  a  blue- hearted  limestone  with  Pema 
quadrata,  large  CyprincB,  CorbtUa^  and  Macrodon,  Here,  again,  both 
petrological  facies  and  fauna  are  dissimilar  to  any  of  our  known  Oxford- 
shire Oolitic  rocks,  and,  like  each  of  the  succeeding  lower  beds,  should  be 
classed  as  Great  Oolite  ;  one  of  the  latter,  a  hard  very  oolite  freestone, 
has  also  as  distinctive  a  character. 

In  conclusion,  it  should  be  stated  that  though,  when  Professor  Ed. 
Hull  reported  to  your  Association  at  its  Oxford  meeting,  thirty-four  years 
ago  (1860),  the  presence  of  Seventy  feet  of  Great  Oolite  limestone  under 
the  Stdnesfield  Slate,  it  seemed  to  be  an  over-estimate,  yet  the  result  of 
the  present  investigation  has  been  to  prove  the  presence  of  an  important 
and  overlooked  section  of  the  Great  Oolite,  and  to  entitle  place  for  it  in 
future  accounts  of  that  subdivision.  That  Professor  A.  H.  Green  doubted 
the  existence  of  so  great  a  series  of  beds  as  those  quoted  by  Professor 
Hull  is  proved  by  the  absence  of  any  account  of  them  in  his  excellent 
memoir  *  On  the  Geology  of  the  Country  round  Banbury,  Woodstock, 
Bicester,  and  Buckingham,'  published  in  1864. 

Mr.' James  Windoes,  Mr.  Wilfred  Hudleston,  Mr.  H.  B.  Woodward, 
and  your  Secretary  have  also  worked  in  later  years  at  the  determination 
of  the  equivalent  of  these  lower  Bathonian  beds  in  the  neighbourhood  of 
Chipping  Norton. 

To  his  Grace  the  Duke  of  Marlborough,  to  the  Right  Hon.  Lord 
Dillon,  to  Mr.  John  Barrett  of  Stonesfield,  and  to  Mr.  S.  Shilson  of 
Charlbury,  the  thanks  of  youf  Couimittee  are  due  for  aid  in  this  and  other 
relative  work.* 

The  probable  extension  of  a  lower  division  of  the  Great  Oolite  below 

»  E.  A.  Walford,  QJ.0,8.,  vol.  xxxix.  p.  230. 
'  Mr.  R.  F.  Tomes  has  kindly  named  the  oorals. 
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the  limit  reached  by  us,  large  enough  with  that  already  diacovered  to 
entitle  it  to  a  place  as  a  sub- formation,  makes  a  continuance  of  the  work 
a  necessity  for  the  right  understanding  of  the  lower  Jurassic  rocks  of 
Great  Britain. 

Section  at  the  S.  W.  end  of  Covert,  Stocky  Bank,  Stonesfield,  Oxon,  1894. 

Ft  In. 

1.  Humus  with  limestone  fragments  containing  Nerinoea^  Crypto- 

ccenia  Prattii  E  and  H,  Cryptocamia  sp.,  laastrcea  microphylla 
Tomes,  Isasircea  limitata  Leimx.,  Isastrcea  near  to  limitata 
Lamx.,  Thafnna8tr<Ba  LyeUi  E  and  H  and  Spismilia  sp. 
*Riftbkd' .09 

2.  Grey  Msrh  with  Ostreti,  Placunopsia,  And  EhynchoneUaconcinna    4     0 

3.  Fawn-coloured  Sands  and  Marls— oyster  bed  .        .         •        .20 

4.  Grey  shelly  compact  Limestone  weathering  cream-coloured      •     6     0 

5.  Hard  grey  Marls  with  Rhynchonella  ooncinna         .        .         .09 

6.  Shelly  Limestone 0     6 

7.  Marl ,.02 

8.  Limestone ...IS 

9-  Marls  with  Oysters,  &c 2     0 

10.  Limestone,  shelly  oolitic  and  cream-coloured  '  Roof '  of  Slate  .     1  ^ 

11.  Stonesfield  Slate,  '  Top  hard,'  compact,  grey  crystalline    .  5  in.  to  0  7 

12.  Soft  fissile  Sandstone  '  Pendle  ^ 9  in.  to  1  0 

13.  Limestone,  coarsely  fissile  and  ooHtic,  with  clay  inclusions, 

concretions,  black  carbonaceous  markings  and  fragments  of 
Rhynchonella  and  Trigonia  impressa 2     0 

14.  Marl,  brown  fissile  and  sandy 0    3 

15.  Shelly  Limestone,  laminated  and  banded  with  clay  inclusions 

in  the  upper  part ;  fawn  coloured  with  Oysters     .         .         .23 

16.  Soft  fissile  Sandstone  with  carbonaceous  markings  .         .         .05 

1 7.  Limestone,  compact,  close-grained,  &wn-coloured  with  carbon- 

aceous markings  and  clay  inclusions     •        •         .  '      .         .76 

18.  Limestone,  close-grained,  buff-coloured 5     6 

19.  Clay 16 

20.  Limestone,  compact,  buff-coloured 2     8 

21.  Marl 0     4 

22.  Limestone,  white,  shelly  and  crystalline,  with  MytUus  Sower- 

hyanus,  Rhyncliondla  concinna,  and  Oatrea  Sotverbyi    .         .13 

23.  Black  Clay,  crowded  with  Flacunopaia  in  places,  with  Fema, 

Nucula,  and  Ostrea 17 

24.  Shelly  earthy  Limestone,  made  up  mainly  of  Oyster  fragments, 

and  passing  into  a  brown,  blue-hearted  Limestone  crowded 
with  shells,  Perna  quadra^  large  Cyprina^  Corbula,  and 

Macrodon 2     0 

26.  Black  Clay 0  11 

26.  Hard  oolitic  Freestone,  blue-hearted,  made  up  of  whitish  oolites 

in  blue  or  brown  base 2     0 

27.  Rubble 0     3 

28.  White  fine-grained  Limestone  with  few  shells  •       . .       ^.12 
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Cluarcu^ter  of  the  High-level  SheUrbearirhg  Deposits  at  Clava^ 
ChapelhaU,  and  other  Localities,  (ChapeUtall  Section.)  Report  of 
the  Committee^  consisting  of  Mr,  J.  HoRNE  (Chairman)^  Mr.  David 
Robertson,  Mr.  T.  P.  Jamieson,  Mr.  James  Fraser,  Mr.  Percy  F. 
Kendall,  and  Mr.  Dugald  Bell  (Secretary). 

Appbndix^^  the  ChapelhM  Clay,  hy  D.  Robebtson  ....      Page  313 

I.    LocALrrr  and  Previous  Notices. 

Chapelhall  is  a  little  mining  village  situated  in  the  north-eastern  part 
of  Lanarkshire,  about  twelve  miles  east  from  Glasgow  and  two  miles  south 
from  Airdrie.  Its  name  has  been  well  known  to  geologists  for  more  than 
thirty  years  past  from  its  being  usually  mentioned  in  works  relating  to 
the  science  as  the  highest  locality  in  Scotland  where '  shelly  clay '  has  been 
found  (510  feet  above  the  sea).  That  of  Olava,  near  Inverness,  which  the 
Committee  reported  upon  last  year,  is  of  more  recent  discovery,  and  has 
not  been  so  generally  referred  to. 

It  may  be  useful,  first,  to  present  a  summary  of  the  hitherto  existing 
information  regarding  this  '  deposit.' 

(i.)  Mr.  Smithy  of  Jordanhill. — ^The  *  shelly  clay'  at  Chapelhall  was 
first  brought  into  notice  by  Mr.  Smith,  of  Jordanhill,  in  a  paper  read  to 
the  Geological  Society  in  1850,  and  republished  in  his  well-known  little 
volume  of  *  Researches  in  Newer  Pliocene  and  Post-Tertiary  Geology,'  in 
1862.     The  following  is  the  passage  referring  to  this  *  deposit : ' — 

*  Having  been  informed  by  Mr.  John  Craig,  F.G.S.,  that  a  bed  of 
shells  had  been  discovered  near  Airdrie,  much  higher  than  any  previously 
found  in  Scotland,  I  considered  it  of  importance  to  ascertain  the  exact 
amount  of  the  elevation  above  the  present  level  of  the  sea,  as  well  as  the 
species  of  the  shells,  and  the  nature  of  the  deposit  in  which  they  are 
found.  Mr.  Craig  kindly  accompanied  me  to  the  locality,  which  is  near 
the  Monkland  Iron  Works,  and  about  fourteen  miles  to  the  south-east  of 
Glasgow. 

'The  shelly  deposit  in  question  proved  to  bo  a  bed  of  the  Tellina 
proximoy  Brown  {T.  calcarea  ?  linn.),  an  Arctic  species  extremely  abun- 
dant in  the  Clyde  Pleistocene  beds  overlying  the  till,  and  which  I  had 
formerly  procured  from  a  brick-work  in  the  same  neighbourhood.*  The 
shells  in  tiie  present  instance  were  discovered  by  Mr.  James  Russell,  an 
operative  miner,  in  digging  a  well.' 

Mr.  Smith  then  states  that  he  ascertained  the  elevation  of  the  place 
to  be,  on  the  surface,  524  feet  above  the  sea,  which  is  'at  least  150  feet 
higher  than  the  highest  level  at  which  any  shelly  deposits  have  been 
hitherto  discovered  in  Scotland.'     He  continues  : 

'  The  most  remarkable  circumstance  attending  the  present  discoveiy  is 
that  the  shells  were  imbedded  in  the  stratified  clay  below  the  till. 

'Mr.  Russell  states  that  at  the  depth  of  14  feet  from  the  surface, 
after  passing  through  the  till,  he  came  to  a  bed  of  brick-clay  containing 

*  This  refers  to  shells  previously  stated  to  have  beea  found  by  Mr.  Craig  near 
Airdrie,  at  a  height  of  350  feet.  See  JHeicarchcs,  &c.,  p.  17.  (llie  place,  an  old 
brickfield,  has  long  been  tilled  up.) 
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the  sliells,  which  were  therefore  510  feet  above  the  level  of  the  sea.  I  could 
entertain  no  doubt  as  to  the  nature  of  the  superincumbent  matter,  as  that 
part  of  it  which  had  been  thrown  out  was  le&  lying  at  the  mouth  of  the 
welL  It  wafi  unquestionably  the  true  till.  Indeed,  if  I  had  entertained 
any  doubt  as  to  this  point,  it  would  have  been  removed  by  the  discovery 
of  a  small  granite  boulder,  which  was  found  about  2  feet  above  the  bottom 
of  the  till.  The  nearest  granite  rock  in  that  direction  (N.W.)  is  at 
Cruachan,  about  sixty  miles  N.W.  of  Airdrie.  .  .  . 

'  I  may  add  that  Mr.  Russell  states  that  after  passing  through  the 
shelly  bed  of  brick-clay, 'he  came  again  to  the  till,  thus  proving  indispu- 
tably what  has  always  been  suspected,  that  there  hcus  been  more  than  one 
deposition  of  the  tiU  or  boulder-clay.*  * 

(ii.)  Sir  ArchiheUd  Geikie, — In  the  preparation  of  his  valuable  memoir 
on  *  The  Phenomena  of  the  Glacial  Drift  of  Scotland,'  published  in  1863,^ 
Sir  Archibald  Geikie  visited  the  spot,  also  under  Mr.  Russell's  guidance* 
He  described  it  as  situated  '  on  the  crest  of  a  ridge  which,  rising  high 
above  the  surrounding  country,  commands  an  extensive  view  across  the 
lower  part  of  the  basin  of  the  Clyde.  On  the  water  shed  of  this  high- 
lying  ridge  a  well  was  sunk  some  years  ago,  and  while  the  excavations 
were  in  progress  the  shells  were  found/  Sir  Archibald  then  gives  particu- 
lars corresponding  with  those  stated  by  Mr.  Smith,  adding  that  the  till 
underneath  the  shelly  clay  was  *  about  24  feet  thick,  and  lay  directly  on 
the  Carboniferous  strata  of  the  district.  The  brick-clay  at  its  thickest 
part,'  he  continues,  'measured  2  feet  1  inch  in  depth,  but  thinned  away 
rapidly  on  every  side,  so  as  to  allow  the  upper  and  lower  till  to  come 
together.  From  a  number  of  additional  wells,  sunk  on  purpose,  Mr. 
Russell  ascertained  that  the  clay  lay  in  a  hollow  of  the  undermost  tiU^ 
and  that  this  hollow  measured  about  19  feet  long  by  about  5  feet  broad. 
Pits  which  were  dug  beyond  the  boundary  of  this  little  trough  showed  a 
great  depth  of  the  usual  till,  but  without  a  trace  of  brick-clay.  The 
fehells  consisted  entirely,  I  believe,  of  Tellina  proxima.  Usually  the 
specimens  were  broken,  but  a  good  many  were  taken  out  entire,  with 
both  valves  together.'* 

(iii.)  Br,  Croaskey, — About  the  same  time  as  Sir  A.  Geikie's  visit,, 
or  apparently  before  it  (though  the  account  was  later  in  being  published),. 
Dr.  Crosskey  visited  the  locality,  and  made  some  observations  which  were 
communicated  in  a  paper  to  the  Geological  Society  in  January  1865.^  He 
remarked :  '  One  of  the  most  perplexing  cases  in  Scotland,  upon  any  theory 
of  the  formation  of  boulder-clay,  has  been  the  alleged  occurrence  at 
Chapelhall,  near  Airdrie,  of  a  bed  of  clay  containing  Tellina  caZcareciy 
intercalated  between  the  masses  of  true  boidder-clay. 

'  The  facts  relating;  to  the  discovery  of  these  shells  have  been  recorded 
by  Mr.  Smith.  .  .  .  The  present  paper  will  simply  examine  the  question 
whether  the  superincumbent  matter  was,  without  doubt,  the  true  tilL' 

After  defining  what  he  means  by  the  term  '  a  compact,  unstratified 
clay,  with  a  large  proportion  of  striated  stones,  chiefly  of  local  origin,'  and 
stating  that  *  the  glacial  shells  in  the  west  are  never  found  within  the 
boulder-clay  proper,'  but  *  invariably  above  it,'  Dr.  Crosskey  proceeds  : 

'  Mr.  Russell  (the  original  discoverer  of  the  shells)  reports  that  the 

'  *0n  the  Oconrrence  of  Marine  Shells  in  the  Stratified  Beds  below  the  Till.* 
Op,  cit,  pp.  1351-112. 

»  7'ranji,  Gt*ol.  Sfur.  Glctt,  vol.  i.  part  2.  »  Jbid,  pp.  68-9. 

*  Qnar,  Jour.  (reel.  Soo,  vol.  xxi. 
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cfaell'day  occupied  a  kind  of  basin  in  the  lower  till,  the  section  being  the 
following : —  ^ 

Ft.    in. 

•  1.  Clay  (stipposed  to  l>e  true  boalder-cl&y)      .        .        .      14      0 

2.  Clay,  finer,  containing  smaller  stones,  with  TeUitui 

eaiifarea,  Cpprina  Itlandioa,  and  a  large  SalaNtut, 

in  the  deepest  part,  but  gradually  thinning  out  2      1 

3.  Boulder-clay  resting  on  carboniferous  beds         .  — 

*  With  great  kindness,  Mr.  Russell  sank  a  fresh  well  seven  yards  from 
the  old  one,  and  the  following  section  M'as  exposed  : 

Ft.    in. 

*  1.  Surface  soil 10 

2.  Upper  clay .63 

3.  Boulder-clay  not  pierced  through        ....        9      G 

*  There  were  decided  distinctions  between  the  upper  and  lower  clays. 
•  .  .  The  upper  clay  was  looser  and  more  easily  worked  than  the  lower. 
.  .  .  The  junction  between  the  two  clays  was  recognised  by  Mr.  Russell 
as  the  exact  position  at  which  he  had  found  the  original  shell-bed.' 

Dr.  Crosskey  added  : — *  There  is  no  evidence  whatever  that  the  Chapel - 
hall  fossils  were  in  the  boulder-clay,  in  any  sense  which  would  make  that 
clay  a  marine  formation.' 

From  the  foregoing  quotations  it  is  apparent  that  the  references  made 
by  Mr.  Smith,  Sir  A.  Geikie,  and  Dr.  Crosskey,  to  the  occurrence  of 
shelly  clay  in  the  Chapelhall  well  section,  rested  solely  on  the  statementi^ 
of  Mr.  James  Russell. 

With  the  view  of  obtaining  further  information  the  Committee  re- 
solved to  re-examine  the  well  section  and  to  put  down  a  series  of  trial 
bores. 

II.  Examination  bt  the  Committee. 
1.  The  Well  Section. 

Mr.  James  Russell,  the  original  authority  regarding  this  shelly  clay  at 
Chapelhall,  died  about  fourteen  years  ago.  The  cottage  which  he  built 
and  occupied,  and  in  the  garden  of  which  the  '  well '  is  situated,  stands  at 
the  west  end  of  Chapelhall,  and  somewhat  higher  than  the  village,  near 
the  summit,  as  has  been  said,  of  the  ridge  on  which  the  village  is  built. 
It  is  called  ^Wanlock  Cottage,'  and  is  now  occupied  by  Mr.  James 
lindsay,  a  mining  foreman,  who  purchased  it  several  years  ago  from 
Mr.  Russell's  son. 

Mr.  Lindsay,  having  been  informed  of  the  object  of  the  proposed 
examination  by  the  Committee,  kindly  agreed  to  afford  every  facility  for 
the  work  and  assist  it  by  every  means  in  his  power. 

An  arrangement  was  accordingly  made  that  the  well  should  be 
emptied  and  the  stone- work  removed,  so  as  to  expose  the  section  all 
round  to  a  depth  of  at  least  15  or  16  feet. 

Mr.  Robert  Dunlop,  of  Whiterigg,  Airdrie,  obligingly  assisted  Mr. 
Lindsay  in  the  operations,  and  the  Secretary  of  the  Committee  repeatedly 
visited  the  spot  during  their  progress. 

On  Saturday,  March  24  last,  the  section  being  then  exposed  to  a 
depth  of  fully  15  feet  from  the  surface,  the  Chairman,  Mr.  Hprne,  met 
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Mr.  Dunlop  and  the  Secretary  hj  appointment  at  the  well,  and  made  a 
careful  examination  of  the  section.^ 

Underneath  2  feet  of  sur^e  soil  they  found  the  materials  composed 
entirely  of  the  typical  bpulder-clay  of  the  district,  full  of  stones,  sub- 
angular,  and  more  or  less  striated,  chiefly  from  the  adjacent  Coal 
Measures,  with  a  few  red  sandstones,  conglomerates,  and  schists  from  the 
West  Highland  boi-der.  Two  grey  sandstone  boulders  of  considerable 
size  appeared  on  the  sides  of  the  well,  one  on  the  N.W.  side  and  the  other 
nearly  opposite  on  the  S.E.  side,  at  a  depth  of  between  12  and  13  feet 
from  the  surface. 

No  trace  of  any  shelly  clay  or  of  shells  was  found. 

Samples  of  all  that  could  be  obtained,  viz.  the  boulder- clay,  were 
taken : — 

(1)  From  a  depth  of  14  feet  to  14  feet  6  inches. 

(2)  „  14  feet  6  inches  to  14  feet  11  inches. 

(3)  y,  15  feet  to  16  feet. 

On  Monday,  March  26,  Mr.  Home,  Mr.  Bell,  and  Mr.  Dunlop  again 
met  at  the  well,  and  in  their  presence  the  examination  was  carried  down 
another  2  feet,  making  the  greatest  depth  reached  about  17^  feet  from  the 
surface.     Samples  wera  then  taken  : — 

(4)  From  a  depth  of  16  feet  tx)  17  feet. 
(5  and  6)  „  15  feet  to  16  feet. 

Portions  of  the  whole  were  despatched  to  Mr.  David  Robertson  for 
examination,  and  also  to  the  office  of  the  Geological  Survey  in  Edinburgh! 
Mr.  Robertson's  report  is  subjoined. 

2.  Boring  Ojyerations  Around  the  Well. 

The  result  of  the  excavation  of  the  well  being  so  far  negative,  the 
Committee  deemed  it  advisable,  lest  former  operations  had  removed  or 
concealed  the  shelly  clay  from  the  sides  of  the  well,  to  put  down  some 
bores  at  various  points  at  a  short  distance  around  it.  For  this  purpose 
they  employed  Mr.  James  Pollock,  whose  services  had  been  obtained  in 
their  former  investigations  at  Clava.  Mr.  Pollock  was  first  instructed  to 
put  down  four  bores  at  various  points  around  the  well  to  a  deptli  of  about 
17  feet.  The  position  of  these  bores  (Nos.  1  to  4)  is  shown  in  the 
following  diagi'am. 

The  diameter  of  the  well  after  the  masonry  had  been  removed  was 
4  feet  9  inches  at  the  sui'face,  and  4  feet  3  inches  at  a  depth  of  15  feet. 

The  distances  of  the  bores  from  the  sides  of  the  well  were  in  each  case 
about  2^  feet. 

Owing  to  a  large  boulder,  No.  4  bore  had  to  be  abandoned,  and  bores 
4a  and  46  were  put  down  first  westward  and  then  southward  from  No.  4 
(see  *  Borer's  Journal '). 

After  these  l>ores  had  been  put  down  and  reported  on  by  Mr.  Pollock 
it  was  suggested  that,  as  a  considerable  space  intervened  between  bores 
Nos.  1  and  4,  and  again  between  Nos.  3  and  4,  it  was  possible  that  a  bed 
of  clay  of  some  breadth  might  extend  diagonally  between  these  without 

*  When  the  operations  were  in  progress,  the  Chairman  and  Secretary  examined 
the  title-deed  conveying  the  small  property  from  the  late  Mr.  KoBseU's  son  to 
the  present  owner,  Mr.  Lindsay,  and  obtained  other  evidence  of  the  location  of  the 
well. 
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being  touched  bj  theni«  It  was  considered  advisable,  therefore,  to  put 
down  two  other  bores  in  the  positions  marked  (No.  5  and  No.  6).  These 
additional  bores  were  also  done  by  Mr.  Pollock. 

01P2. 


O  . 


4» 

O 

Finally,  another  bore,  No.  7,  was  put  down  from  the  bottom  of  the 
well  in  order  to  reach  the  rock,  which  Sir  A.  Geikie  had  been  informed 
was  24  feet  beneath  the  shelly  clay. 

When  the  boring  was  in  progress  Mr.  Macconochie,  of  the  Geological 
Survey,  at  the  request  of  the  Chairman,  visited  the  spot  to  examine  the 
material  and  report  if  any  change  was  observable.  Mr.  Dunlop  and  the 
Secretary  were  also  present. 

The  following  is  Mr.  Pollock's  journal  of  the  bores  and  remarks  : — 

Journal  of  Bores  at  Lindsay^B  Well,  Cho/pelhall, 


— 

No.  1 
East  of  Well 

No.  2 
North  of  Well 

No.  3 
West  of  Well 

Surface  and  ashes    • 

Brown  Bandy  clay  and  stones  . 

Bine  claj  and  stones 

Total    «... 

Ft. 

1 
9 
7 

Ft.     in. 
1       0 
9      0 
6     10 

Ft. 
2 

8 

7 

17 

16     10 

17 

— 

No.  4 
South  of  WeU 

No.  Aa 
1ft.  8  in. 
W.of4 

No.  46 

8  ft.  S.  of  4 

and  4a 

Sarface  and  ashes    . 

Brown  sandy  clay  and  .stones  . 

Bine  clay  and  stones 

Total     . 

Ft.    in. 
1      0 
7      0 
3      6 

Ft.    in. 

1  0 
7      0 

2  8 

Ft.        in. 
1         6 
8        6 

7        0 

Stopped  by  large  bonlder. 

17        0 
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Jowmal  of  Bores  at  lAndsay^a  Well,  ChapelhaU — (continued). 


— 

No.  6 

South-west 

(between  4  and  d) 

Ko.C 

South-east 

(between  4  and  1) 

No.  7 

From  bnttom 

of  Well 

Surface  and  Bthes    . 

Brown  sandy  clay  and  stones  . 

Blae  clay  and  stones 

Total    .... 

Ft. 

1 
9 
7 

Ft.            '          Ft.      in. 
8            1          30      10 

17 

18            j  Hock  not  reached 

With  regard  to  Nos.  5  and  6,  which  were  put  down  to  divide  the  space 
between  the  others,  and  touch  any  bed  that  might  extend  diagonally 
between  them,  either  to  S.W.  or  S.E.,  Mr.  Pollock  wrote  :  *I  have 
found  no  difference  in  the  stuff  I  went  through.'  And  with  reference  to 
No.  7,  which  was  put  down  in  the  expectation  of  touching  the  rock  at 
24  feet  from  the  bottom  of  the  well  (or  40  feet  from  the  surface),  as 
reported,  he  wrote :  *  I  have  finished  bore  in  well,  and  put  it  down  47  feet 
and  got  no  rock,  and  found  no  difference  in  clay  from  top  to  bottom  ;  it 
was  all  blue  clay  and  small  free-stones. 

'James  Pollock. 

*  Plains,  April  11,  1894.'  . 

Further,  in  answer  to  an  inquiry  on  the  point,  Mr.  Pollock  wrote  : — 

*  I  don't  believe  the  ground  had  been  disturbed  in  any  way,  at  any  of 
the  places  where  I  put  down  bores  at  Chapelhall,  because  they  were  all 
mostly  the  same — the  brown  clay  on  the  top,  then  the  blue  clay  under  it. 
They  all  seemed  to  be  quite  naturally,  formed,  and  in  no  way  disturbed. 
Even  the  bottom  of  the  well  was  the  same. 

'  J.  P.' 

The  Committee  may  here  remark  that,  as  is  well  known,  a  deposit  of 
boulder-clay  is  generally  browner  in  colour  and  looser  in  texture  towards 
the  top,  owing  to  the  action  of  the  ordinary  weathering  agencies  upon  it, 
and  not  to  any  special  change  of  conditions  during  its  deposition. 

Mr.  Macconochie  reports  as  follows  : — 

*  I  was  present  at  Chapelhall  (April  6, 1894)  when  Mr.  Pollock  brought 
up  the  materials  from  bores  Nos.  1  to  6,  from  depths  exceeding  14  feet. 
They  consisted  of  the  ordinary  boulder-clay  of  the  Chapelhall  well  section. 

*  A.  Macconochie.' 


III.  Conclusion. 

As  the  result  of  their  investigations,  the  Committee  beg  to  state  that 
they  have  found  no  evidence  in  proof  of  the  occurrence  of  shelly  clay  at 
Chapelhall  either  in  the  original  well  section  or  in  the  trial  bores. 

The  Committee  recommend  that  they  should  be  reappointed  with  a 
grant  to  investigate  the  shelly  clays  at  Tangy  Glen,  near  Campbeltown,  and 
on  the  Lag  ^nd  Rosie  in  Arran. 
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APPENDIX. 
Report  on  the  ChapelhaU  Clay.    By  Mr.  David  Robertson,  F.G.S. 

MiUport,  May  6, 1894. 

The  samples  of  clay  that  were  submitted  to  me  for  examination  from 
ChapelhaU  from  depths  of  14  to  17  feet  were,  as  taken  from  the  pit,  of  a 
dark  slatish  colour,  and  when  dry  of  a  light  grey  colour.  The  mud 
referred  to  in  the  following  list  is  'that  portion  of  the  clay  that  passed 
through  a  sieve  of  96  meshes  to  the  inch,  and  the  sand  is  what  passed 
through  a  sieve  of  24  meshes  to  the  inch,  and  the  stones  are  those  retained 
in  the  same  sieve.  That  which  is  commonly  called  '  floats  '  is  that  which 
rises  to  the  sur&oe  of  the  water  when  the  clay  is  dissolved,  after  having 
been  dried.  The  dissolved  clay,  when  stirred  up,  retained  its  dark  colour, 
but  after  standing  a  little  a  reddish  brown  formed  on  the  surface. 

The  '  floats '  are  not  referred  to  in  the  subjoined  list,  as  they  were  all 
alike  in  being  quite  barren  of  animal  remains,  and  almost  of  everything 
else. 

From  the  Well—Xo,  1.  Depth,  \4^Jt.  to  lift.  6  in. 

Mud 60  per  cent. 

Sand 10        ,, 

Stones 38        „ 

The  sand  consists  of  white  and  black  grains,  the  white  preponderating 
greatly,  or,  I  may  say,  with  a  small  mixture  of  black  grains,  both 
apparently  rough  or  angular. 

The  stones  mostly  water  worn,  a  few  portions  angular.  Few  striations 
were  noticed.  This  may  be  accounted  for  as  few  of  &e  stones  are  such  as 
would  readily  take  and  retain  the  markings. 

No.  2.  DejHh,  lift.  6  in.  to  lift.  11  in. 

Mud 62  per  cent. 

Sand 12        „ 

Stones 26        „ 

The  sand  consists  of  white  and  black  grained  mostly  white,  both  angular. 

The  stones  more  or  less  water  worn,  but  not  to  any  great  extent. 
Many  pieces  were  angular,  some  appear  to  have  been  crushed.  No  stria- 
tions were  noticed. 

No.  3.  Depth,  lb  ft.  to  l^fi. 

Mad 60  per  cent. 

Sand 18        „ 

Stones 30        „ 

The  sand  light  grey  composition  as  above. 
Stones  much  the  same  as  No.  2. 

No.  4.  Depth,  l^ft.  to  17  ft. 

Mud 60  per  cent. 

Sand 14        „ 

Stones 26        „ 

The  sand  consists  of  white  and  black  grains,  chiefly  white. 
Stones  mostly  water  worn.    The  pieces  of  shale  generally  more  or  less 
striated,  or  indented,  or  both,  and  a  few  bits  of  coal,  some  with  marks 
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of  abrasion.  Also  bits  of  vitrified  stone.  These  show  no  marks  of 
rubbing  or  of  having  been  much  rolled  about.  In  this  sample  a  small  frag- 
ment of  a  valve  of  a  bivalve  shell  imbedded  in  a  piece  of  Carboniferous 
shale. 

No.  6.  Depth,  Ibjt.  to  16/j5. 

Mad        .••.;•    60  per  cent. 

Sand 14        ,1 

Stones 25^      „ 

The  sand  consists  of  white  and  black  grains,  the  white  prevailing 
greatly. 

Stones  mostly  water  worn,  the  lesser  portion  more  or  less  angular. 
Most  of  the  bits  of  shale  are  striated  or  indented.  The  coal  here  has 
traces  of  water  action. 

No.  6.  Depth,  Ibfi.  to  l%fi. 

Mud 60  per  cent. 

Sand 14        „ 

Stones 25        ,, 

The  sand  light  grey. 

Stones  mostly  water  worn.  Many  pieces  of  coal  and  small  pieces  of 
slag. 

From  the  Bores, —Bore  No.  1.  Depth,  U/t.  to  lift. 

Mud 59J  per  cent. 

Sand 13|        ., 

Stones 6  „ 

The  sand  light  grey. 

Stones  mostly  water  worn.  Many  small  pieces  of  coal,  some  abraded, 
and  three  small  bits  of  slag. 

Bores  Nos,  2  <fc  3.  DepUi.,  lift,  to  11  ft. 

Mud 38^  per  cent. 

Sand 16|        „ 

Stones 44  „ 

Sand  light  grey. 

Stones  mostly  water  worn,  only  one  piece  noticed  striated.  A  few 
pieces  of  coal,  some  with  marks  of  rubbing.     Some  bits  of  slag. 

Bore  No.  4.  Depth,  14/<.  to  lift. 

Mud 66  per  cent. 

Sand 17        „ 

Stones 17        „ 

The  sand  light  grey. 

In  this  bore  the  stones  are  all  small,  and  from  the  absence  of  larger 
and  heavier  ones  the  proportion  of  mud  is  more  and  that  of  the  stones  less. 
No  striation  was  noticed.     Coal  and  small  bits  of  slag  were  present. 

As  stated  above,  the  floats  were  not  taken  into  account,  as  they  Were 
all  alike  in  being  quite  barren  of  animal  remains  and  almost  of  eveiything 
else,  which  is  a  very  different  condition  of  things  from  the  abundance  of  float 
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that  we  generallj  find  in  the  post-Tertiary  shell-bearing  clays.  The 
samples  of  sand  are  of  a  very  uniform  colour,  and  any  little  variation  that 
appears  may  have  been  caused  by  the  black  grains  being  lighter  and 
coming  more  to  the  surface  tlian  the  white  in  one  case  than  another. 

From  the  abrasions  on  the  above  samples  of  coal,  there  can  be  little 
doubt  that  it  belonged  to  the  deposits 

As  no  rubbing  is  noticed  on  any  of  the  pieces  of  slag,  and  the  fractured 
edges  appearing  sharp,  it  is  most  likely  that  it  got  into  the  clay  accidentally. 
At  the  same  time  it  is  curious  that  it  is  met  with  in  so  many  of  the 
samples  both  of  the  pits  and  bores. 

So  far  as  I  can  judge  from  the  samples  of  the  clay  and  the  average 
proportion  of  stones  and  mud,  also  the  paucity  of  the  floatings,  and  the 
entire  absence  of  animal  remains  (with  the  exception  of  a  smaU  fragment 
of  shell  embedded  in  a  piece  of  Carboniferous  shale),  I  have  no  doubt 
whatever  that  the  deposit  is  characteristic  boulder-day. 


The  Volcanic  Phenomena  of  Ve»uviu8  and  its  Neighbourhood, — Report 
of  the  Committee^  consisting  of  Mr.  H.  Bauerman,  Mr.  F.  W. 
RuDLER,  Mr.  J.  J.  H.  Teall,  and  Professor  H.  J.  Johnston- 
Lavis.     (Braum  up  hij  Professor  H.  J.  Johnston-Lavis.) 

Vesuvius, — Since  the  last  report  lava  has  continued  to  pour  forth  from 
the  top  of  the  new  lava-cone  in  the  Atrio  del  Cavallo,  sometimes  in  small 
quantities,  at  others  in  considerable  abundance.  On  no  occasion,  how- 
ever, did  the  lava  issue  beyond  the  limits  that  it  had  reached  in  the  years 
1891-92.  In  fact,  the  whole  of  that  eastern  part  of  the  Atrio  known  as  the 
Yal  d'Infemo  has  not  been  invaded  at  idl  by  the  new  lava,  during  or 
since  its  issue  in  the  spring  of  1891.  The  consequence  of  this  has  been 
that  it  has  continued  to  pile  itself  up  around  the  line  of  fissure  by  which 
it  issued,  and  still  further  add  to  the  dimensions  of  the  great  lava-cone 
that  it  had  built  up  in  the  Atrio.  So  great  has  this  cone  become  that  it 
constitutes  a  prominent  feature  in  the  outline  of  the  volcano  as  seen  from 
[Naples.  The  eminence  of  Somma  is  separated  from  Vesuvius  by  the 
depression  of  the  Atrio.  This  notch,  so  to  speak,  in  the  general  outline 
was  terminated  below  by  an  almost  horizontal  line,  which  is  now  replaced 
by  an  obtuse  cone,  so  that  many  people  speak  of  three  summits  to  the 
Vesuvian  volcano.  This  is  rather  an  exaggeration,  for  although  the  new 
lava-cone  is  of  very  considerable  dimensions,  for  the  time  occupied  in  its 
growth,  yet  it  cannot  compare  with  that  of  the  cone  of  Vesuvius  on  one 
side  or  the  ridge  of  Somma  on  the  other. 

The  whole  of  this  new  cone  is  entirely  built  up  of  lava,  by  far  the 
greater  part  being  of  the  pahoehoe  or  corded  type ;  only  now  and  then 
during  marked  activity  has  there  been  produced  any  lava  with  a  rugged 
scoriaceous  surface.  The  occasion  was  therefore  a  very  valuable  one  to 
determine  the  slope  of  such  a  lava-cone.  This  was  done  only  normally  to 
the  line  of  fissure  by  which  the  lava  issued,  and  which  makes  the  cone  ter- 
minate in  an  elongated  ridge  rather  than  in  a  point.  Practically  all  these 
clinometric  observations,  which  were  taken  with  great  care,  gave  angles 
varying  from  13°  to  15°. 

Comparing  this  angle  with  that  of  such  mountains  as  Etna  or 
Mauna  Loa,  we  must  consider  that  both  are  composite  cones,  have  experi- 
enced many  disturbing  influences  such  as  the  formation  of  parasitic  erup- 
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tive  outlets  from  which  lava  streams  have  issued  far  away  from  the  sum- 
mit, and  have  thus  diminished  the  general  slope  of  the  volcano.  Those 
mountains  are  usually  considered  to  have  an  average  slope  of  10^.  The 
Hawaiian  lavas  are,  as  is  well  known,  exceptionally  fluid,  and  we  could 
hardly  expect  cones  of  greater  slope  than  10^.  At  Etna  the  lavas  have 
always  been  more  viscous  from  their  lower  temperature  and  the  compound 
or  false  viscosity  given  to  them  by  the  large  number  of  porphyritic  crystals 
already  existing  in  the  magma  at  the  time  of  emission,  just  as  earth  mixed 
with  water  may  produce  a  viscous  mud.  These  new  lavas  of  Yesuvias,  as 
is  the  case  with  all  those  that  issue  high  up  on  the  volcano  and  in  small 
quantities,  were  very  viscous  owing  to  their  low  temperature  and  advanced 
crystallisation,  so  that  soon  after  Uie  material  poured  out  it  was  prevented 
from  flowing  by  slight  further  cooling.  We  may  take  therefore  this  aver- 
age slope  of  14®  as  the  best  and  most  correct  estimate  for  a  lava  of  this 
nature. 

This  recent  outflow  exhibits  most  of  the  varieties  of  surface  to  be  met 
with  in  the  type  of  lava  above  mentioned,  such  as  corded  shapes  of  different 
kinds,  irregular  globular  surfaces,  sheets,  and  plates  either  in  position  or 
reared  on  end,  and  tunnels  of  every  variety,  frequently  with  continua- 
tions as  walled  canals,  of  which  a  good  example  is  seen  in  the  photograph 
exhibited.  A  magnificent  lava  hump  is  to  be  seen  in  another  photograph, 
and  was  formed  right  under  the  escarpment  of  Somma.  The  origin  of 
these  humps  is  still  obscure.  They  are  common  on  most  large  flows  of 
corded  lava  of  Vesuvius,  but  unfortunately  I  have  never  been  present  at 
their  formation,  nor  do  I  know  of  anyone  who  has. 

The  points  of  issue  of  the  lava  occurred  at  varipus  spots  along  a  line  cor- 
responding with  the  strike  of  the  radial  dyke  to  which  it  owes  its  origin,  so 
that  the  new  lava  has  as  a  summit  an  irregular  ridge  running  nearly  north 
and  south.  Of  course  the  actual  highest  point  is  nearly  always  that  where 
the  last  lava  issued.  Generally  more  than  one  spot  along  this  line  gave  out 
lava  at  the  same  time.  The  fluid  rock  flowed  sometimes  on  one  side, 
sometimes  on  the  other,  so  that  the  general  public  at  Naples  were  only 
from  time  to  time  treated  to  a  glimpse  of  Nature's  fireworks,  and  when  the 
lava  flowed  in  the  opposite  direction  it  was  often  announced  that  it  had 
altogether  stopped. 

During  the  last  year  several  new  conical  spiracles  were  formed,  but 
none  of  them  comparable  in  perfection  of  form  to  those  described  in  the 
last  two  reports,  or  exhibiting  equally  interesting  features. 

No  very  interesting  minerals  were  produced  as  sublimates.  In  fact, 
only  two  species  are  worthy  of  mention.  On  one  occasion  a  small  quantity  of 
tenorite  was  formed  in  one  of  the  spiracles.  Soon  after  the  lava  had  entirely 
stopped  flowing  in  February,  sublimates  of  potash-bearing  halite  were 
very  abundant  around  about  the  vents,  in  beautiful  fern-like  skeletons,  in 
which  a  number  of  feathery  branches  radiated  at  right  angles  from  a  stem 
representing  usually  about  three  edges  of  a  cube,  and  were  themselves  so 
many  edges  of  smaller  cubes.  Sometimes  this  halite  was  grey,  from  minute 
haematite  crystals  being  deposited  with  the  salt,  which  likewise  was  in 
some  cases  greenish  from  copper  impurities.  Most,  however,  was  of  a 
beautiful  snow  white.  One  small  cave  in  particular,  about  the  size  of  a 
man's  body,  was  clothed  with  the  most  glistening  white  lining,  and  from 
the  roof  and  walls  showers  of  crystals  fell  from  time  to  time.  These  were 
not  visibly  red-hot  in  bright  diffused  daylight,  but  looking  towards  the 
shaded  inner  extremity  of  the  cavity  a  bright  red  incandescence  was  visible. 
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In  a  short  time,  with  suitable  apparatus,  I  collected  over  two  kilogrammes 
of  this  material  absolutely  free  from  mechanical  impurities. 

Along  mai^y  of  the  cracks  of  the  lava  beautiful  glassy  crusts  of  halite, 
more  or  less  impure,  were  formed,  and  often  showed  a  dull  red  heat  in 
daylight.  These  crusts  on  being  removed  become  rapidly  opaque  and  milky 
in  hue,  and  audibly  cracked  into  starch-like  columns,  due  to  the  rapid  con- 
traction on  cooling — producing,  in  fact,  a  miniature  basaltic  structure. 

About  February  5,  1894,  the  lava  was  issuing  in  very  small  quantity, 
and  by  the  7th  showed  no  trace  of  movement.  Yet  even  in  May  cracks 
in  the  lava  near  its  point  of  exit  were  incandescent  some  distance  in,  and 
the  saline  incrustations  mentioned  above  were  in  full  perfection. 

Coincident  with  the  arrest  of  the  lateral  outflow,  the  lava  rose  in  the 
chimney  and  the  red  reflection  from  the  top  of  Vesuvius  that  had  been 
absent  for  so  long,  with  rare  exceptions,  wa.s  again  almost  daily  visible. 
The  level  of  the  lava  in  the  main  phimney  soon  rose  to  the  bottom  of  the 
new  crater  that  had  been  forming,  and  increasing  in  size  during  the  time 
the  lateral  issue  of  lava  had  been  going  on,  and  commenced  the  filling  up 
of  that  cavity  by  the  formation  of  a  cone  of  eruption,  so  that  almost  coin- 
cident with  the  arrest  of  the  leakage  of  lava  laterally  the  central  activity 
changed  from  the  crater-  and  dust-forming  stage  to  the  lava  cake-  and 
cone-forming  stage. 

I  made  a  careful  examination  of  the  summit  of  Vesuvius  about  the 
middle  of  May.  The  crater  in  an  east  and  west  direction  was  about  150m. 
in  diameter,  and  its  depth,  then  decreasing,  was  about  the  same.  The 
walls  were  remarkably  steep,  in  some  places  even  vertical  or  overhanging. 
The  bottom  could  be  seen  with  difficulty  owing  to  the  crumbling  nature 
of  the  edges.  The  walls  are  nearly  all  covered  by  sublimates  or  dust 
that  has  s^dhered  and  crusted  them  over,  so  that  several  dykes  both  solid 
and  hollow  can  no  longer  be  distinguished.  This  is  especially  the  case 
with  the  one  formed  during  the  1891  outburst.  The  details  of  the  great 
rift  of  the  1880-81  and  subsequent  eruptions  on  the  east  side  of  the  frre&t 
cone  were  still  easily  discernible.  On  the  south  side,  and  a  little  to  the 
east,  a  wall  of  rock  stands  out  from  the  side  of  the  crater  and  is  directed 
nearly  towards  the  centre.  It  is  capped  by  a  pinnacle  of  rock,  and  is  really 
the  old  dyke  of  the  1885  eruption. 

Just  to  the  east  of  that  wall,  and  partly  owing  to  its  existence,  the  slope 
of  the  inside  of  the  crater  is  less  in  that  direction.  Here  the  guides  had 
made  a  little  path  for  a  few  metres  down.  On  examining  carefully  the 
condition  of  things  from  its  lower  termination,  which  so  far  aided  little 
the  view  of  what  was  going  on  at  the  crater-bottom,  I  found  that  by  ex- 
tending it  down  a  slope,  and  then  cutting  a  ledge  farther  round  to  the 
east  at  a  suitable  point,  a  bracket-like  platform  some  metres  square  could 
be  reached,  which  is  about  half-way  down  the  crater.  Later  the  path  was 
further  widened  by  me  and  made  more  commodious,  and  now  gives  easy 
access  to  the  platform  from  which  one  can  look  right  into  the  vent  of  the  vol- 
cano and  watch  with  ease  the  boiling  up  of  the  lava  and  the  ejection  of  the 
great  blobs  and  cakes  that  are  rapidly  filling  up  the  crater.  Unfortunately, 
owing  to  the  well-like  shape  of  the  crater,  the  shadows  due  to  the  vapour 
column  spreading  out  overhead,  and  the  dark  colour  of  the  rocks,  instan- 
taneous photography  could  not  be  utilised  to  record  this  interesting  and 
ever-changing  scene. 

As  is  usual  at  some  period  after  an  eruption,  feathery  gypsum  is  a 
common  product  in  the  cavities  of  the  old  scorise,  and  is  associated  at  the 
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fumaroles  with  a  little  sulphur  (an  exceedingly  rare  mineral  at  Vesuvius) 
with  abundance  of  molysite  and  kremersite. 

In  the  Oampi  Phlegrsei  little  of  novelty  has  come  to  light.  A  tunnel 
and  a  deep  shaft  which  is  being  constructed  in  Naples  to  complete  the 
drainage  works  have  brought  several  interesting  sections  to  light,  but  not 
of  sufficient  completeness  to  be  yet  worth  recordiDg. 


The  Marine  Zoologr\l  of  the  Irish  Sea, — Second  Report  of  the  Committee^ 
consisting  of  Professor  A.  C.  Haddon,  Professor  G.  B.  Howes, 
Mr.  W.  E.  HoYLE,  Mr.  I.  C.  Thompson,  Mr.  A.  O.  Walker, 
and  Professor  W.  A.  Herdman  {Glialrman  and  Reporter), 

[PLATE   I.] 

The  work  has  chiefly  been  carried  out  by  the  three  last-named  members 
of  the  Committee  along  with  their  colleagues  of  the  Liverpool  Marine 
Biology  Committee  and  other  naturalists  who  have  been  working  at  the 
Port  Erin  Biological  Station  during  the  year.  The  present  report  is 
drawn  up  by  the  Chairman,  with  contributions  from  the  various  specialists 
mentioned  below  in  connection  with  the  several  groups  of  animals.  The 
extensive  lists  and  notes  received  from  Mr.  Walker  and  Mr.  Thompson 
should  be  specially  acknowledged. 

The  limits  and  more  prominent  physical  features  of  the  region  of  the 
Irish  Sea  which  this  Committee  was  appointed  to  explore  were  sufficiently 
described  in  last  year's  report,  and  may  be  readily  seen  from  the  accom- 
panying chart  (Plate  I.),  which  is  a  modification,  with  some  additions,  of 
the  chart  given  in  the  former  report. 

The  work  this  year,  in  addition  to  the  further  exploration  of  the 
district  by  dredging,  trawling,  and  tow-netting,  for  the  purpose  of  adding 
to  the  records  of  the  fauna,  has  consisted  largely  of  the  determination  of  the 
submarine  deposits  spread  over  the  floor  of  the  Irish  Sea — their  nature, 
probable  origin,  relation  to  depth,  and  effect  upon  the  distribution  of  the 
fauna.     The  reasons  for  undertaking  this  extension  of  the  work  were — 

1.  There  can  be  no  doubt  that  the  nature  of  the  bottom  has  a  profound 
influence  upon  the  assemblage  of  animals  at  a  particular  spot,  and  limits, 
perhaps,  as  much  as  any  other  factor  the  distribution  of  non-pelagic 
species  in  the  sea. 

2.  That  being  so,  it  becomes  of  importance  to  determine,  if  possible, 
why  there  is  a  particular  deposit  at  a  special  spot,  and  how  much  connec- 
tion there  is  between  the  geological  formations  of  a  shore  and  the  sub- 
marine deposits  lying  oif  that  coast. 

3.  Some  of  the  deposits  described  in  our  last  report  proved  of  such 
interest  to  the  geologists  at  the  Nottingham  meeting  that  the  Committee 
of  Section  C  supported  the  application  for  the  reappointment  of  this 
committee  on  the  grounds  that  a  collection  of  typical  deposits  from  the 
floor  of  the  Irish  Sea  would  be  of  geological  interest.  Sir  Archibald 
Geikie  asked  that  such  a  series  should  be  formed  and  sent  to  the  Jermyn 
Street  Museum  ;  so  on  all  the  expeditions  during  this  year  sample  bags  of 
the  deposits  met  with  have  been  preserved,  and,  after  examination,  have 
been  sent  up  to  the  Qeological  Survey.  These  deposits  will  be  discussed 
in  a  later  part  of  the  report. 

The  object  of  the  Committee,  then,  has  been,  not  merely  to  collect 
animals,  but  to  investigate  the  condition  of  the  sea-bottom  in  the  varions 
""^arts  of  the  area,  and  correlate,  if  possible,  the  fauna  with  the  en^nbxmment. 
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THE  DBEDGING  EXPEDITIONS. 

The  Committee  have  organised  the  following  expeditions  since  the  last 
report : — 

I.  August  22. — ^The  Committee  hired  the  steam  trawler  '  Albatross ' 
for  dredging  from  Port  Erin  to  the  south  and  west,  round  the  Calf  Island, 
as  follows : 

1.  Off  Halfway  Rock  and  Bay  Fine,  half  a  mile  from  shore,  15  fathoms; 
lx)ttom  small  gravel  and  broken  shells.  Conspicuous  animals  :  ^  ArUennu- 
lima  ramostty  Sertularia  ainetina^  AglaopJ^enia  myriophyUuniy  Cellaria 

JUttdaaOy  Sarcodictyon  catencUuin^  Forania  puIvilluSi  Galathea  intermedia 
(with  the  Bopyrian  parasite  Plewrocrypta  intermedia)^  Ascidia  plebeia, 
A.  mentula,  Cynthia  morus, 

2.  From  off  Kitterland  to  Halfway  Rock,  half  a  mile  off,  17  fathoms  ; 
bottom  stones  and  larse  shells,  with  Cliona  cdata  (massive  form),  Ophi- 
opholis  addeatay  Ascidia  venosa^  Cynthia  morus. 

3.  North  of  Kitterland,  three-quarters  of  a  mile  ofi^  18  fathoms ; 
bottom  small  gravel  and  shell  sand,  with  Sarcodictyon  catenaiumy  Lepralia 
edax,  Cellepora  pumicosa,  EMnocyamua  ptisillusy  Ophiocoma  nigra,  Xantho 
ttiberculatttSy  Iruuhus  dorsettensis,  Ebalia  Crtmchii,  Aaddia  menttdaj  A. 
piUbeiay  Ferophora  lAsteriy  Capulus  hungaricuSy  Murex  erinaceua. 

4.  Off  the  north-west  comer  of  Calf  Island,  a  quarter  mile  off,  17 
&thoms  ;  bottom  stones ;  very  many  Ophiocoma,  nigra,  with  Stichaster 
ro8eu8,  Ophiothrixfragilia,  Ocnus  hrurvneua,  Lineue  tongissimus,  Cyntihia 
morus. 

5.  South  end  of  Calf  Sound,  half  a  milo  off,  15  fathoms ;  rough  hard 
ground,  probably  rock  in  situ.  Several  large  stones  came  up,  covered 
with  Sertularia  ahietina,  encrusting  polyzoa,  and  Ciona  intesti/nalis. 

6.  North-west  of  Calf  Island,  half  a  mile  off,  18  fathoms ;  bottom 
stones  with  many  Ophiocoma  nigra,  with  Sycandra  cUiata  (large),  Chtetoj}- 
terus  sp.,  Ophiopholis  acuUata,  Solaaier  papposus,  Thyonefusus,  AscidieUa 
scabra,  and  Ciona  intestinalis. 

7.  North-west  of  Calf  Island,  further  out,  20  fathoms,  bottom  stones, 
shells,  and  echinoderm  spines,  with  Sarcodictyon  catencUum,  Aglaopifienia 
tubtUipora,  Spatangus  purpureus.  Aphrodite  cuyuleata,  Pectuncidus  glyci- 
meris,  Ciona  intestinalis,  and  Ferophora  Listeri, 

8.  From  off  Kitterland  to  across  Port  Erin  Bay,  2  miles  off,  18 
fathoms  ;  bottom  large  shells,  with  Feroplurra  Listeri,  Ascidia  mentula, 

9.  West  of  Port  Erin  Breakwater,  a  mile  out,  17  fathoms  ;  gravel 
and  rotten  algse,  with  Lyonsia  norvegica  (alive). 

II.  On  September  1 1  some  of  the  Committee  dredged  from  a  largo 
rowing  boat  between  Port  Erin  and  the  Calf  Island  ;  half  a  dozen  hauls 
were  taken  about  Aldrick  and  Bay  Fine,  half  to  a  mile  off  shore  ;  depth 
15  to  18  fathoms.  The  hauls  overlapped,  so  all  may  be  considered  one 
locality.  Amongst  the  animals  obtained  were  :  FoUiculina  ampvUa  (in 
quantity,  alive),  Astrorhiza  limicola,  Antennularia  ramosa  and  other 
hydroids,  Sarcodictyon  catenatum,  Antedon  rosacea,  Amphiporus  pulclier, 
Terehella  nebulosa,  Halsydna  gelatinosa,  Conilera  cylindracea,  Anthura 

*  The  few  species  picked  out  for  mention  in  each  hanl  are  not  to  be  regarded  as 
the  rarest  forms  observed.  In  some  cases  they  are  the  commonest.  Thej  are  the 
forms  which  at  the  time  seemed  to  us  the  most  conspicuous  and  charaoteristic  of  the 
baol— the  most  noteworthy  inhabitants  of  that  ground. 
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gracUxB  (new  to  the  district),  Eu/rynom»  asperaj  Galathea  nexa  (with 
Bopyrian  parasite  Plewrocrypia  nexa^  n.  sp.,  Stebbing),  Doto /ragilisy 
Fduiina  lavxgaUiy  Ostrea  edtdis,  Aaadia  ^Meta,  AscuiieUa  venosa^  A. 
virginetiy  Cyn^iamonUj  Polycarpapomaria^  Caretlaparallelogramnuij  and 
SyngncUhus  ctcus. 

ILL  March  20-25. — At  Easter  the  Committee  spent  some  days  in 
shore-collecting  at  the  southern  end  of  the  Tsle  of  Man,  and  hired  the 
steam  trawler  '  Lady  Loch  '  for  two  days'  dredging.  On  the  first  day  the 
floor  of  the  sea  to  the  north  of  Port  Erin  from  Fleshwick  to  Contrary 
Head  at  Feel  was  worked  at  twelve  stations  within  four  miles  of  the  coast, 
and  at  depths  from  10  to  20  fathoms.  On  the  second  day  nine  stations 
off  the  west  of  the  Calf  Island  at  depths  of  from  20  to  25  fathoms  were 
dredged. 

March  24. — 1.  West  of  Fleshwick  Bay,  a  quarter  mile  off  shore,  13 
fathoms  ;  bottom  fine  sand  and  broken  shells,  with  Cliona  celatOy  Gemel- 
laria  loricata,  Cauda  reptans,  Ophiura  cUiariSf  Galathea  intermedtay  For- 
timu8  arctiatus,  AporrJiais  pea-pelicanif  Trochus  magus^  Aseidia  virginea, 

2.  West  of  Fleshwick,  further  north,  half  mile  offshore,  15  fathoms^ 
bottom  small  gravel  and  shells,  with  Cycloporus  papulosa^  Hycu  co- 
arctatiu,  Macrapodia  longirostris,  Venus  fasdaia^  Lissocardium  norve- 
yicum. 

3.  West  of  Fleshwick,  further  north,  half  a  mile  off  shore,  15  fathoms  ; 
bottom  large  shells,  a  little  gravel,  with  Pecten  tigrirvus^  Venus  casino^ 
many  common  crabs. 

4.  One  mile  north  of  Fleshwick,  half  mile  off  shore,  14  fathoms ; 
bottom  much  fine  gravel,  with  Pecten  inaximuSy  Trochus  inagtbSy  Antedan 
rosacea, 

5.  Off  the  Cronk,  a  mile  off  shore,  14  fathoms  ;  bottom  small  gravel 
and  some  Jfelobesiay  with  Tellina  crassa  (alive),  Thracia  prcetenuis. 

6.  One  mile  further  north,  a  mile  off  shore,  10  fathoms ;  bottom 
Nullipores  (Melobesia  and  Lithothamnion)^  with  compound  ascidians. 

7.  West  from  South  Barrule,  a  mile  off  shore,  12  fathoms  ;  bottom 
Nullipores,  with  Antedon  rosacea, 

8.  Off  Niarbyl  Point,  a  mile  out  (several  hauls),  12  fathoms  ;  rough 
hard  ground,  with  Antedon  rosacea,  Echinocardiumjlavescens, 

9.  Off  Glen  Meay,  4  miles  out,  20  fathoms  ;  bottom  *  reamy '  (sand 
and  mud),  with  Ophiopholis  a,culeata,  Porania  pulvUlus, 

10.  Off  Glen  Meay,  half  a  mile  further  north,  21  fathoms  ;  with  many 
Pecten  opercularis,  Cucumaria  Hyndmaniy  Ehalia  tvherosa,  CellariaJtstU" 
losa,  ScalpeUum  vvXgare, 

11.  West  of  Contrary  Head,  4  miles  off,  18  fathoms  ;  bottom  Melo- 
besia and  stones,  with  Eugyra  glutinans. 

12.  West  of  Contrary  Head,  one  and  a  half  mile  off,  13  fathoms  ; 
bottom  muddy  sand  with  some  stones  and  many  ophiuroids,  with  Cliotta 
celata  (massive  form),  Astarte  sulcata,  Pecten  maximtis, 

IV.  March  25.— 1.  Off  Aldrick  (south  of  Port  Erin),  a  mile  out, 
18  fathoms  ;  bottom  dead  shells,  shell  sand,  and  echinoderm  spines,  with 
Spatangu^  /  urpurett^,  Echinocyamus  pusilluSy  Porania  pulviUuSy  Henricia 
tanguinoUnfn,  Murex  ernnaceus,  Xantho  tuberculatum, 

2.  Off  Kitterlaud,  H  mile  out,  18  fathoms ;  bottom  dead  shells  with 
Aseidia  meiUula,  Cynthxa  morus, 

3.  North-west  of  Calf  Sound,  2  to  3  miles  off ;  19  fathoms,  bottom  sand 
and  shells,  with   Palmipes  placenta^   Luidia  ciliariSf  Stichaster  roseuSf 
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ThyoiiA  fnsus  and  T,  rapluinna^  Cellaria  Jiatulosa,  Aacidia  phheia,  Poly- 
carjHi  caniata, 

4.  North-west  of  Calf  Island,  3  miles  off,  20  fathoms  ;  bottom  sand  and 
shell  fragments,  with  Pectuncidus  glycimeris,  Modiola  modioluHj  Pecten 
tnaxiymuf, 

f).  North-west  of  Burrow  Rock,  3  to  4  miles  off,  22  fathoms  ;  l>ottom 
«hells,  with  Pectunculus  fflycimetns,  Lissocardium  norveyicwiiiy  Pecten 
znaximns. 

6.  North-west  of  Chicken  Hock,  5  miles  off,  25  fathoms  ;  bottom  dead 
shells  and  some  sand,  with  iSarcodictyon  cat€7iatum,  Chcetopterus  sp.,  Ebalia 
iuberosa^  Ascidia  j^ebeia. 

7.  One-and-a-half  mile  off  Bnulda  Head,  IS  fathoms ;  bottom  large 
shells  and  broken  fragments,  with  Astt^riaf^  rubens  (very  large '),  Porania 
jmlvilliis,  Ciona  intestinalts, 

8.  Two  to  three  miles  N.W.  of  Bradda  Head,  21  fathoms;  bottom 
muddy  sand,  with  many  ophiuroids,  Cucumaria  Hyndmani. 

9.  Four  miles  N.W.  of  Bradda  Head,  23-25  fathoms  (several  hauls)  ; 
bottom  sandy  mud,  many  ophiuroids. 

V.  May  27. — The  Committee  hired  the  steam  trawler  *  Lady  Loch,'  and 
dredged  the  following  localities : — 

1.  South-east  of  Calf  Sound,  a  mile  from  Kitterland,  20  fathoms ; 
bottom  subangular  gravel  (?  glacial  material),  many  ophiuroids  and  BtLCci- 
nnm  7uidatum,  a  few  large  shells,  Mytilua  edulis^  and  Venus  casina. 

2.  South-east  of  Calf  Sound,  half  a  mile  further  out,  19  fathoms  ;  some 
coarse  sand  and  broken  shells  with  the  subangular  gravel  (stones  much 
encrusted)  SpcUangus  purpureuSy  many  encrusting  polyzoa,  Venus,  Trochus, 
Pecten,  Serpula,  Echinus,  and  LithotJuimnion  fragments. 

3.  South-east  of  Calf  Sound,  further  on,  2  miles  from  Kitterland,  20 
fathoms ;  bottom  white,  shelly  (calcareous)  sand,  mainly  organic,  lamelli- 
branch  and  gastropod  shells,  echinoderm  spines  and  plates,  Cellaria  fistu- 
losa  and  Cellepora  pumicosa. 

4.  South-east  of  Spanish  Head,  2^  miles  off,  20  fathoms  ;  bottom  sand 
and  broken  shells ;  a  few  small  stones — Triassic  sandstone,  slate,  and 
pebble  of  felsite. 

5.  South-east  of  Spanish  Head,  3  miles  off,  22  fathoms  ;  bottom  more 
shelly  (fragments  large),  and  a  few  small  pieces  of  slaty  rocks. 

6.  Off  the  Chasms,  half  a  mile  out,  1 7  fathoms  ;  bottom  muddy  sand  with 
much  Lithothaiiyiion  and  Melobesia,  a  few  shells  and  small  stones,  small  sub- 
angular  fragments  of  slate,  grit,  Carboniferous  limestone  (with  Prodv^tus)^ 
And  pebbles  of  coarse  sandstone. 

7.  Off  the  Cliasms,  a  mile  out,  19  fathoms  ;  bottom  mud  and  small 
gravel  (small  subangular  grit  and  granite),  Amphidolvs  and  Echinus 
remains,  and  some  shells. 

8.  Off  the  Cliasms,  2  miles  out,  21  fathoms  ;  mixed  bottom,  sandy  mud, 
small  subangular  stones  and  shell  fragments. 

9.  South-east  of  the  Old  Mines^  near  Per  wick  Bay,  quarter  mile  to  a 
mile  off  shore,  15  to  18  fathoms  (two  hauls)  ;  bottom  Nullipore  and  gravel 
^angular  grit,  slate,  vein- quartz)  \  a  few  shell  fragments. 

*  The  specimens  ^e  dredge  are  very  much  larger  than  those  we  find  on  the  rock<» 
of  the  neighbouring  shore.  Arc  there  two  varieties  in  the  species,  a  Bmaller  shore 
and  a  larj^cr  deep-water  form,  or  do  the  individuals  move  outwards  from  the  shore  as 
they  grow  (>)d«  ? 
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10.  Off  mouth  of  Perwick  Bay,  half  a  mile  off,  12  fathoms;  bottom 
^mall  gravel. 

VI.  July  8. — The  Committee  had  the  use  of  the  Lancashire  Sea 
Fisheries  steamer  *  John  Fell,'  and  dredged  at  the  following  localities  : — 

1.  West  of  Dalby,  5  miles  out,  30  fathoms  ;  bottom  mud,  with  Anten- 
ntUaria  ramosa,  Ophiura  ciliaris  and  0.  albida^  Pecteii  opercularia  and 
P.  puaioy  Turritella  terehray  Hyas  coarctattts,  Aaddia  virgitiea,  and  Eugyra 
ghUinans. 

2.  Six-and-a-half  miles  west  of  Contrary  Head  (Peel),  38  fathoms ; 
bottom  fine  mud,  with  Brissopsis  lyriferay  Lipohranchius  Jeffreyaii. 

3.  Seven-and-a-half  miles  west  of  Niarbyl  Point,  45  fathoms  ;  bottom 
fine  mud,  with  Calocaris  Macandrerv,  Gonoplax  rJu>inboide8,  Panthalis 
Oerstedi, 

4.  Five-and-a-half  miles  west  of  Glen  Meay,  34  fathoms  ;  bottom  mud» 
many  Turritella  terehra  with  Sagartia  fferdmani. 

5.  Four- and-a -half  miles  west  of  the  Cronk,  22  fathoms;  bottom  broken 
shells  and  small  stones,  with  many  ophiuroids,  Ebalia  tuberosa,  Eurynonve 
aepera,  Atelecyclus  aeptemdentatuSy  many  encrusting  polyzoa  (twelve  species 
identified),  including  Aacopodaria  nodoaa,  hydroids  (fifteen  species  identi- 
fied), including  Dicoryne  conferUiy  new  to  the  district ;  also  the  cumacean 
Cainpylaajna  macrophthahnay  Sars,  new  to  Britain. 

It  may  be  of  some  use  to  place  on  record  the  course  of  procedure  at 
.each  dredging  station  on  these  expeditions.  The  plan  for  the  day  is 
arranged  with  the  captain  of  the  steamer,  and  when  the  first  locality  is 
reached  the  spot  is  determined  on  the  chart,  and  the  depth  verified  by 
casting,  the  lead.  Then  the  dredge  (measuring  2  feet  6  inches  by  1  foot, 
and  weighing  from  30  to  40  lbs.)  is  sent  down  with  a  tow-net  tied  on  to 
the  line  about  two  fathoms  from  the  dredge.  Very  often  a  smaller  dredge 
with  a  bag  of  cheese-cloth  is  sent  over  on  the  other  side  of  the  ship.  One 
or  more  surface  tow-nets  are  also  put  out.  The  tow-nets,  both  surface  and 
deep,  are  looked  after  by  Mr.  I.  C.  Thompson,  who,  after  hauling  them» 
first  turns  out  their  contents  into  a  clear  glass  jar  of  sea- water,  and  then, 
after  noting  the  general  character  of  the  catch  and  any  specially  conspicu- 
ous forms,  strains  off  the  water  through  a  small  bag  made  of  very  fine 
miller's  silk,  and  then  transfers  the  '  plankton '  left  adhering  to  the  silk 
into  a  tube  containing  a  special  preservative  fluid  formed  chiefly  of  spirit^ 
glycerine,  and  water.  « 

When  the  dredge  is  brought  up  it  is  emptied  on  deck,  and  after  a  note 
of  the  general  character  of  the  deposit  and  assemblage  of  animals  has  been 
taken,  any  specially  large  or  rare  specimens  are  picked  out  and  transferred 
to  buckets  or  jars  of  sea- water  or  to  store-bottles  of  spirit.  Then  the  heap 
Is  spread  out  so  as  to  form  a  layer  not  more  than  one  or  two  inches  in 
depth,  and  one  or  two  members  of  the  Committee  (Professor  Herdman  and 
another)  now  settle  down  beside  it  to  pass  the  entire  mass  in  review  inch 
by  inch,  working  it  across  a  small  space  of  bare  deck  and  turning  over 
every  shell,  stone,  and  specimen  with  an  iron  spoon,  so  as  to  ensure  that 
notMng  escapes  observation  and  due  record  in  the  note-book.  In  the 
meantime  the  contents  of  the  bottom  tow-net  have  been  dealt  with  by 
Mr.  Thompson,  and  the  apparatus  has  been  lowered  for  a  second  haul,  or 
the  vessel  is  steaming  on  to  a  new  locality.  Then  Professor  Herdmai^ 
selects  a  fair  sample  of  the  deposit  for  preservation  (for  the  Geoloffical 
8urvey)  in  a  small  canvas  bag  (10  x  5  inches),  care  being  taken  to  include 
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some  of  the  characteristic  bottom  animals — shells,  ophiuroids,  polyzoa,  &c. 
After  this  sample  has  been  removed  and  any  special  animals  required  have 
been  picked  out  and  put  into  store  bottles,  the  whole  of  the  remainder  of 
the  haul  is  passed  gradually  through  our  set  of  three  sieves  (meshes  |  inch, 
^  inch,  and  j^  inch  respectively),  which  work  up  and  down  in  a  tall  iron 
cylinder  filled  with  sea- water.  The  sieves  are  disconnected  and  examined 
at  intervals,  and  in  this  way  many  of  the  smaller  animals  of  all  groups 
are  detected  and  picked  out.  Finally,  the  water  in  which  the  sieves  have 
been  plunging  is  all  strained  by  Mr.  Thompson  through  his  fine  silk  net, 
and  in  this  way  many  of  the  rarer  bottom  Copepoda  are  obtained,  while 
the  finer  sandy  and  muddy  deposits  retained  by  the  finest  sieve  or  in  the 
bottom  of  the  cylinder  are  packed  in  canvas  bags  by  Mr.  Alfred  Leicester 
for  further  examination  at  home.  These  contain,  of  course,  many  minute 
MoUusca,  Ostracoda,  and  Foraminifera.  By  the  time  all  these  processes 
have  been  completed  the  dredge  has  usually  been  hauled  again,  and  a 
fresh  heap  is  lying  on  the  deck  awaiting  investigation.  On  a  successful 
trip  the  members  of  the  party,  on  an  average  four  to  six  in  number,  are 
kept  constantly  occupied,  each  man  at  his  own  work,  from  the  commence- 
ment of  the  first  haul  till  the  steamer  is  turned  homewards,  and  after  that 
the  packing  and  labelling  of  specimens  fill  up  the  time  until  land  is 
reached. 

ADDITIONS   TO   THE   FAUNA. 

As  most  of  the  expeditions  took  place  round  the  Isle  of  Man  the 
material  was  generally  brought  back  to  the  Port  Erin  Biological  Station, 
and  sorted  out  into  groups  in  the  laboratory  there,  and  then  sent  to  the 
specialists.  Taking  the  groups  in  zoological  order  the  most  notable 
additions  as  the  result  of  this  year's  work  have  been — 

Sponges. — Dr.  R.  Hanitsch  reports  that  the  only  actual  addition  to 
our  sponge  fauna  made  during  the  last  few  months  is  Leiosella  (Spongio- 
nella)  jnUchella,  Sowerby,  which  was  dredged  on  May  14, 1894,  at  14  miles 
N.  by  W.  from  the  Liverpool  N. W.  Lightship.  This  species  was  previously 
known  from  the  coast  of  Durham,  the  Skerries,  Shetland,  the  west  coast 
of  Ireland,  the  east  coast  of  Greenland,  and  the  North  Pacific.  A  few 
other  doubtful  species  await  further  investigation. 

We  are  indebted  for  a  list  of  the  Hydroid  Zoophytes  and  Polyzoa 
which  we  have  collected  to  Miss  L.  R.  Thomely,  who  has  proved  that  the 
La/oea  pigmcm  of  Alder  possesses  an  operculum,  and  therefore  belongs  to 
the  genus  CalyceMa,  and  also  has  Gonothecae  which  were  previously  un- 
known. The  total  number  of  species  of  hydroids  in  our  area  is  now  eighty- 
nine,  and  the  last  dredging  expedition  has  given  us  an  interesting  addition 
to  our  fauna  in  Dicoryne  conferta^  which  was  growing  on  an  Aporrhais 
shell ;  it  was  only  known  previously  from  Cullercoats,  Orkney,  and 
Shetland.  Of  polyzoa  123  species  and  fourteen  varieties  have  now  been 
recorded.  The  most  recent  find  is  Crista  ramosa,  which  was  recently  de- 
scribed by  Harmer  from  Plymouth,  and  which  we  find  also  at  Port  Erin. 

Mr.  E.  T.  Brv'iwne  has,  during  some  visits  to  Port  Erin,  paid  special 
attention  to  the  Medusa,  and  has  kindly  supplied  us  with  a  list  of  a 
dozen  species,  one  of  which,  Amphicodon  frUiUaria^  has  not  previously 
been  recorded  for  British  seas.  He  has  also  found  on  several  occasions  a 
Siphonophore  (probably  Halisiemina)  in  Port  Erin  Bay  and  Lesueuria 
vitreoy  both  new  to  our  district,  and  the  ITaliatemnia,  probably  an  addition 
to  the  British  fauna. 
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Amongst  Worms  new  to  the  record  are  the  turbellaria  Fecampia  (the 
pear-shaped  white  cocoons  of  this  form  are  not  uncommon  on  stones  in 
pools  at  Port  Erin),  and  Stylocaplcma  mdculata  (identified  by  Mr.  Gamble), 
and  the  annelid  Gattiola  spectabilis  (Johnston)  collected  at  Port  Erin  by 
Mr.  Beaumont. 

Professor  G.  S.  Brady  has  kindly  examined  two  gatherings  of 
OsTEACODA  from  dredged  material,  and  i-eports  the  following  species : — 
I.  Off  the  Calf  Island,  20  fathoms  : 

PorUocypris  trigonella^  G.  O.  Sars  :  P^  mytiloides,  Norman  ;  Bairdia 
inflcUa,  Norman  ;  Cytkere  Jonesii,  Baird  ;  C.  emaciata^  G.  S.  Brady  ; 
Loxoconcha  taviarindus,  Jones ;  Cytherura  cornuUiy  G.  S.  Brady  ;  (7. 
gtrieUa^  G.  O.  Sars  ;  C  sella,  G.  O.  Sars  ;  Psevdocy there  caudata,  G.  O. 
Sars  ;  Cytheropteron  latissimuni,  Norman  ;  SclerochUvs  coniortus,  Nor- 
man ;  Paradoxoatoma  enaiforme,  G.  S.  Brady  ;  and  PhUomedea  inter- 
puncta,  Baird. 

II.  Off  Contrary  Head,  40  fathoms,  the  following  were  found  : — 
Cy there  tuberciilatay  G.  O.  Sars ;  C.  eynacicUa,  G.  S.  Brady  ;  C.  Dunel- 
niensis,  Norman  ;  C.  antiquata,  Baird  ;  C.  Jonesii,  Baird ;  Kritlie  Bar- 
tonensis,  Jones  ;  Loxoconcha  impressa,  Baird  ;  L.  guttata,  Norman ; 
Cytlieropteron  latufsimum,  Norman  ;  C.  alatum,  G.  O.  Sars ;  Cytheridea 
papillosay  Bosquet  ;  Bythocythere  acuta,  Norman  ;  B,  turgida,  G.  O.  Sars  ; 
Machcerina  tt'7iuit<sima,  Norman. 

In  regard  to  the  Copepoda,  Mr.  I.  C.  Thompson  has  drawn  up  a 
general  report  upon  the  additions  to  our  knowledge  of  the  group  (see 
p.  325) ;  while  Mr.  Andrew  Scott,  *  fisheries '  assistant  to  Professor 
Herdman,  has  supplied  the  following  notes  upon  some  new  species  of 
Ectinosoma  and  other  Copepoda,  at  which  he  has  been  specially  working : — 

*  Longipedia  minor  (T.  and  A.  Scott). — A  few  specimens  of  this  species 
were  collected  by  hand-net  in  the  rock-pools  at  Hilbre  Island  in  March. 
It  is  easily  distinguished  from  Z.  coronata  (Claus)  by  its  much  smaller 
size. 

*  Ectinosoma  Kormani,  n.  sp.  (T.  and  A.  Scott). — Several  spechnens  of 
this  Ectinosoma  were  obtained  in  material  from  Barrow  Channel  collected 
by  Professor  Herdman  in  May.  When  fresh  this  species  has  a  brilliant 
red  spot  on  the  lower  angles  of  the  cephalothorax,  and  in  this  respect  it 
agrees  with  E.  erythrops,  Brady. 

*  Ectinosoma  Herdmani,  n.  sp.  (T.  and  A.  Scott). — This  species  was 
found  in  considerable  numbers  in  the  stomachs  of  young  dabs  (Pleuronectes 
limxinda)  sent  to  the  fisheries  laboratory  from  Blackpool,  as  many  as 
sixteen  specimens  being  obtained  from  a  single  stomach.  We  have  also 
obtained  specimens  of  this  new  species  from  the  Firth  of  Forth. 

*  Ectinosoma  gracile,  n.  sp.  (T.  and  A.  Scott). — One  or  two  specimens 
of  this  species  were  obtained  among  dredged  material  collected  at  Port 
Erin  by  Professor  Herdman,  Easter,  1894. 

*  Ectinosoma  pygmantm.,  n.  sp.  (T.  and  A.  Scott). — This  species  was 
obtained  from  the  same  material  as  the  last,  and  is  the  smallest  Ectino- 
somn  known  to  us  :  it  measures  only  J^th  of  an  inch  ('33  mm.). 

*  Bradya  minor,  n.  sp.  (T.  and  A.  Scott).*— A  few  specimens  of  this  new 
Bradya  were  obtained  in  rock-pools  at  Hilbre  Island,  along  with  Longipedia 
9ninor, 

'  The  above  spocios  of  Kcthwsima  and  Bradya  are  fij^ured  and  described  in  a 
revision  of  the  Britisli  species  of  Copepoda  belonging  to  the  two  genera  Ectinowma 
and  Bradya^  by  T.  and  A.  Scott,  which  is  to  be  published  at  ad  early  date. 
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*  Dactyloptis  roatratus  (T.  Scott). — A  single  specimen  was  obtained 
among  some  dredged  material  collected  at  Port  Erin  by  Professor 
Herdman,  Easter,  1894. 

*  Faeudanthessitis  Sauvagei  (Canu). — A  few  specimens  were  obtained 
by  washing  a  number  of  Spatangus  purpureits  which  were  trawled  in 
the  central  area,  21  mDes  W.N.W.  from  Morecambe  Bay  Lightship,  on 
April  3.  This  rare  species  was  only  added  to  the  British  fauna  last  year, 
when  it  was  found  in  the  Firth  of  Forth,  and  the  present  is  the  second 
time  it  has  been  observed  in  the  British  area.' 

Mr.  Thompson  reports  as  follows  : — 

*  Eleven  species  of  Copepoda  new  to  the  district  have  been  recorded 
during  the  past  year,  viz.,  Cyclops  magnoctavuB,  Cragin  ;  Cyclojis  JEwarti, 
Brady ;  Canuella  perplexa,  Scott ;  Ameira  longicaitdata^  Scott ;  Acontio- 
phorus  elongatiM,  Scott ;  Ectinosoma  Herdmani,  Scott ;  Ectinoaoma  Nor- 
ma7iij  Scott ;  Ectinosoma  elongcUa,  Scott ;  Cancerilla  tubulata,  Dalzell  ; 
Lepeoptheirus  pectoralis,  and  Anchorella  appendix.  Also  one  species  new  to 
science,  viz.,  Fseudocyclopia  atepJwides,  n.  sp.  This  crustacean  has  not  yet 
been  described,  but  its  description  and  figure  will  be  shortly  published  in 
the  "  Transactions  of  the  Liverpool  Biological  Society."  It  combines  some 
of  the  characters  of  the  genus  Stephoa  with  those  of  Paeudocyclopia,  the 
latter  predominating  sufficiently  to  determine  its  position  in  that  genus. 

*  Surface  tow-nets  have  been  continuously  employed  during  the  several 
marine  expeditions  undertaken  by  the  Committee,  also  tow-nets  attached 
to  the  rope  a  few  fathoms  above  the  dredge.  The  latter  device  has 
proved  a  success,  collecting  some  good  species  of  Copepoda  as  well  as 
Cumacea  and  Amphipoda,  which  are  seldom  or  never  obtained  on  the 
surface.  Amongst  the  Copepoda  thus  obtained  were  several  specimens  of 
Paeudoccdanua  armatuay  found  along  with  a  shoal  of  Paeudocalanua  elon- 
gatus,  A  widely  extending  shoal  of  Anomcdocera  PcUeraonii  was  observed 
off  the  Isle  of  Man  in  May,  the  only  occasion  on  which  we  have  taken  this 
species  during  the  year.  On  several  occasions,  notably  in  the  early  part 
of  June,  the  surface  organisms  have  been  singularly  scarce. 

'  Special  care  has  been  taken  to  wash  and  sieve  through  fine  silk  as 
much  as  possible  of  the  material  brought  up  by  the  dredge  during  marine 
expeditions,  and  it  is  by  this  means  that  several  of  tlie  above-mentioned 
Copepoda  new  to  the  district  have  been  obtained,  as  well  as  the  new 
species  Paeudocyclopia  atepJioidea,  Large  quantities  of  ophiuroids,  chiefly 
Ophiocoma  nigra  and  Ophiothrix/ragiliaj  are  amongst  the  dredged  material, 
and  it  is  probably  from  one  or  other  of  these  that  the  two  specimens  of 
Cancerilla  tvhulata^  Daly  ell,  a  male  and  female,  were  taken,  as  the  species 
is  parasitic  on  ophiuroids.  The  first  record  of  this  rare  copepod  occurs  in 
Dalyeirs  "  Powers  of  the  Creator,"  1851,  and  it  has  since  been  taken  by 
Mr.  Gamble  at  Plymouth,  and  by  Mr.  Scott  in  the  Forth,  but  not  before 
in  our  district.  Cyclopa  magnociavua,  Cragin,  was  found  along  with 
quantities  of  TemoreUa  affinis  and  Tachidiua  brevicornia  in  tow-nettings 
taken  by  Mr.  Ascroft  in  low- water  marine  pools  at  Lytham.  These  being 
brackish  species,  it  is  evident  that  a  considerable  amount  of  fresh  water 
finds  its  way  into  the  Lytham  pools. 

*  Cyclopa  Ewartiy  Brady,  although  first  taken  in  the  Forth  estuary,  was 
suspected  by  Brady  to  have  a  fresh-water  origin.  Ours  are  evidently 
strictly  marine,  two  specimens,  both  males,  having  been  dredged  at  20 
fathoms  by  Mr.  Thompson  off  Port  Erin. 

<  Professor  Herdman's  fish  laboratory  has  yielded  two  species  of  parasitic 
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Copepoda,  viz.,  Lejyeoptheiriis  pextoralia^  found  on  the  flounder,  taken  off 
Morecambe,  and  also  from  Amoglossus  megastonuij  and  Anchorella  appendix 
from  the  gills  of  the  hake.' 

Mr»  A.  O.  Walker  reports  as  follows  upon  the  Higher  Crustacea  : — 

*  Collections  have  been  examined  from  the  following  places,  viz. — 

*  1.  Off  Port  Erin  at  various  points,  dredged  in  (usually)  10  to  20 
fathoms  by  Professor  Herdnian  and  Mr.  I.  C.  Thompson  in  August  and 
September  1893,  and  March  1894. 

*  2.  Off  the  Little  Orme,  North  Wales,  5  to  10  fathoms,  in  October 
1893  (dn^dged  by  A.  O.  Walker). 

*  3.  In  the  Menai  Straits,  near  the  Suspension  Bridge  (both  above  and 
below),  on  J^pril  2  and  May  31,  1894  (dredged  by  A.  O.  Walker). 

'  The  following  additions  liave  been  made  to  the  list  published  in  last 
year's  report. 

' BRACHYURA. 

*  Gonoplax  rJtomhoideSj  Linn.,  one  specimen  on  July  7,  1894,  on  mud, 
45  fathoms  ;  7  miles  W.  of  Niarbyl,  Isle  of  Man. 

*  Atelecyclus  septemdentatusy  Mont.,  two  specimens  from  N.W.  of  Port 
Erin,  22  fathoms,  on  July  8. 

^Fisa  biaculeata,  Mont,  off  Port  Erin,  Easter,  1894. 


'  MACRURA. 

*  Pcdcemonetes  variansy  Leach,  in  a  small  pool  by  the  Afonganol,  Colwyn 
Bay,  in  company  with  Neomyais  vulgaris.  The  pool  had  probably  been 
filled  by  a  combination  of  flood  in  the  little  river  and  a  high  tide,  but 
seemed  to  have  been  long  cut  off.  The  pool  was  full  of  Ruppia  maritima. 
The  Falcemonetea  were  40  mm.  long,  and  females  had  ova  in  the  pouches  ; 
the  NeomyaxSy  on  the  other  hand,  were  small,  females  with  ova  being  only 
14  mm.  long. 

*SCHIZ0P0DA. 

'  Leptomysis  lingv^ira,  Sars,  Colwyn  Bay,  in  tidal  pools  ;  and  Port  Erin. 

*  CUHAGEA. 

*  Nanna^tacus  unguiculatus,  Bate,  one  specimen  from  Menai  Straits. 

'  Campylaspis  macrophtJuilma,  G.  O.  Sars,  one  female  from  ih  miles  west 
of  the  Cronk,  July  8,  1894,  22  fathoms.  This  is  a  Mediterranean  species, 
new  to  Britain. 

*  Petalosarsia  declivis,  Sars,  8  miles  W.  of  Fleshwick  Bay,  33  fathoms  ; 
14  miles  N.W.  of  Liverpool  N.W.  Lightship  (A.  Scott).  This  species, 
first  recognised  in  our  district  by  Mr.  Scott,  is  only  known  elsewhere  in 
British  seas  from  the  Firth  of  Forth  and  the  Moray  Firth. 

'  ISOPODA. 


*  Antkura  gracilis,  Mont.,  off  Port  Erin. 

*  Conilera  cylindracea,  Mont.,  off  Port  Erin. 

*  Cymodoce  truncata.  Leach,  off  Port  Erin. 
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'  AMPHIPODA. 

^  Lysianax  loiigicomisy  Lucas  ;  Menai  Straits. 

'  Nannonyx  spinimanusy  n.  sp.,  Menai  Straits,  differs  from  the  only 
other  known  species  in  the  following  points  :  Anterior  coxal  plates  about 
the  same  depth  as  the  body  ;  eyes  very  large,  dark  brown ;  propodos  of 
first  gnathopod  with  five  or  six  strong  denticles  on  the  hind  margin  ;  third 
joint  of  last  pereiopods  but  little  expanded  behind;  maxillipedes  also 
diiferent. 

*  Tryphosa  nnyia,  Kr. ;  Menai  Straits. 

^  Socarnes  erythrophthalmuSj  Kobertson  ;  Port  Erin,  15  to  20  fathoms, 
March  24,  1894  ;  Menai  Straits. 

*  Urothoe  brevicornis,  Bate  ;  off*  Kitterland,  20  fathoms,  one  male. 

^ Phoxocephalns  Fvltoni^  Scott ;  Port  Erin,  15  to  20  fathoms;  Menai 
Straits. 

*  AmpeViHca  nincroceplutla^  Lilljeborg  ;  Port  Erin. 

^Metopa  Alde7'iy  Bate  ;  Menai  Straits,  large  specimens,  male  and  female, 
6  mm.  This  species  has  not  been  met  with  in  the  L.M.B.C.  district, 
except  at  Puffin  Island. 

*  Mttopa  iiihrovittatay  Sars  ;  Menai  Straits,  Little  Orme. 

^  Leucothoi'  LUIjeborgii^  Boeck  ;  Port  Erin,  15  to  20  fathoms. 

*  Monocuhtdc.8  cariiiatu8j  Bate  ;  Port  Erin,  outside  harbour. 

*  Stenoplenstes  nodi/er,  Sars,  erroneously  reported  last  year  as  *S*. 
Malmgreni,  Boeck.  In  the  specimens  taken  the  elevated  lobes  on  the 
hind  dorsal  mar/ajin  of  the  first  two  pleon  segments  were  reduced  to  a  mere 
emargination  of  the  segment. 

^Lafyatins  Hturionisy  Kroyer,  one  specimen  from  the  Liverpool 
Fisheries  Laboratory,  found  under  the  pectoral  fin  of  a  cod. 

*  Iphimedia  minuta,  Sars  ;  Colwyn  Bay,  Port  Erin. 

*  E^tsincs  longipesy  Boeck  ;  Port  Erin. 

^  Dexainhw.  fJiea,  Boeck  ;  Port  Erin  Harbour. 

*  Tritceta  gihhosa,  Bate  *=  T,  dolichonyx,  Nebeski,  ^ .  Very  abundant 
among  sponges,  Menai  Bridge.  All  the  specimens  that  had  the  elongated 
flagellum  and  furred  upper  surface  of  the  peduncle  of  the  lower  antennse 
characteristic  of  tlie  adult  male  had  also  the  peculiar  notched  anterior 
margin  of  the  propodos  of  the  first  gnathopods  as  in  T,  dolicJionyx,  wliile 
none  of  the  females  or  young  had  it.  I  believe  I  have  once  seen  an  adult 
male  (dug  out  of  the  test  of  an  ascidian)  with  the  first  gnathopod  as  in  the 
female.     This  may  possibly  be  a  case  of  dimorpliism. 

*  Liljeborgia  pallida,  Bate  ;  Port  Erin. 

*  Mara  spmiserratOy  Bate  ;  Port  Erin. 

*  Man'a  JJatei,  Norman  ;  Port  Erin. 

*  Guernea  coalita,  Norman  ;  Port  Erin,  15  and  20  fathoms. 

'  Leptocheh'^cs  pectinatiis,  Norman  ;  Port  Erin,  Menai  Straits. 

*  AuUmoe  longipes,  Lilljeborg ;  Menai  Bridge. 

*  Janaaaa  capUlata^  Rathke  ;  Port  Erin. 

*  Podocerus  cuinbrensis,  Stebbing  and  Robertson ;  Menai  Straits,Colwyn. 
^  Colomastix  pusilla,  Grube  ;  Menai  Straits. 

*  Corophium  crassicorne,  Bruzelius  ;  Little  Orme. 

*  Corophium  Bonellii,  Milne  Edwards  ;  Little  Orme,  Port  Erin. 
'  There  still  remains  a  quantity  of  material  to  be  examined.' 

The  Bopyrians  parasitic  upon  Galatheas,  which  were  referred  to  in  last 
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report,  have  since  been  identified  by  Rev.  T.  R.  R.  Stebbing  as  Pleuro- 
erypta  galatece,  Hesse,  PL  intermedia,  Giard  and  Bonnier,  and  PL  nexa^ 
n.  sp.,  from  GaUuhea  nexa  (see  fig.  1).  They  are  all  on  the  right-hand 
side  of  the  hosts'  carapace,  and  all  laden  with  eggs. 

Fig.  l.—Pleurocrypta  nera,  Stebbing.  male  and  female  (from  a  drawing  kindly 
sent  by  Mr.  Stebbing). 


Mr.  Alfred  Leicester  of  Southport,  who  has  taken  part  in  most  of  the 
expeditions,  and  has  collected  and  identified  the  MoUusca,  reports  that  the 
year's  work  has  added  fifty-one  fresh  records  to  the  lists  for  the  southern 
part  of  the  Isle  of  Man,  and  that  of  these  the  following  nine  are  new  to 
our  district  of  the  Irish  Sea  : — Cardiiim  Diinimumy  Phil.,  Psammobia  vea- 
j>ertiiui,  Chem.,  Scrobicularia  nitida,  Miill.,  Chiton  marginattis,  Penn., 
Propilidium  ancyloides,  Forb.,  Rlasoa  inco7i^icuay  Aid.,  Ccecnm  traclieay 
Mont.,  Aclis  Gulsonce^  Ch.,  and  Philine  angulata,  Jeff. 

Finally  two  additions  have  been  made  to  our  list  of  local  fishes,  viz., 
Zeuyopterus  unimctculattLs,  four  specimens  trawled  10-12  miles  west  from 
Morecanibe  Bay  Lightship  in  May,  depth  23  fathoms  ;  and  Gobius  pictus^ 
Malm,  caught  by  Mr.  Walker  in  shore  pools  at  Colwyn  Bay. 


THE   SUBMARINE   DEPOSITS. 

Turning  now  to  the  submarine  deposits,  the  determination  and  dis- 
tribution of  which  the  Committee  feel  to  be  a  very  important  part  of  their 
work,  it  is  still  too  soon  to  attempt  anything  like  a  detailed  account  of 
the  fioor  of  the  Irisli  Sea,  but  still  sufficient  observations  have  perhaps 
been  made  to  warrant  the  following  preliminary  account.  The  accom- 
panying chart  (Plate  I.)  shows  the  zones  of  depths  in  the  district,  0-10 
fathoms,  10-20  fathoms,  20-50  fathoms,  and  upwards  of  50  fathoms,  being 
separated  from  one  another.  At  those  places  where  the  Committee  (or  the 
Liverpool  Marine  Biology  Committee)  have  obtained  samples  of  the  bottom, 
conventional  symbols  are  placed  on  the  chart  ^  indicating,  O  stones,  A  shells, 

□  mud,  I X I  sand,  x  nuUipore  deposits  [Melohesia  and  Lithothamnion)^ 

'  One  mark  frequently  stands  for  a  number  of  different  dredgings  in  the  same 
neighbourhood. 
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and  Vy  shell  concretions.     The  chief  conclusions  we  have  arrived  at  so 

far  are  : — 

1.  The  most  extensive  shallow- water  deposit  is  sand.  In  most 
localities  along  the  coast  of  Lancashire,  Cheshire,  and  North  Wales,  from 
the  sea-shore  out  to  the  10-fathom  contour  the  bottom  is  formed  of  more 
or  less  pure  quartz  sand.  Occasionally  in  spots  there  are  local  patches  of 
stones,  of  shells,  or  of  mud  ;  but  these  can  generally  be  accounted  for  by 
tidal  or  estuarine  currents,  by  the  entrance  of  fresh- water  streams  carrying 
clown  alluvium,  or  by  the  presence  of  littoral  or  sub- littoral  boulder  clay. 
These  spots  are  all,  however,  of  small  area,  and  the  great  extent  of  the 
bottom  down  to  10  fathoms  is  sand. 

2.  Further  out,  however,  between  10  and  20  fathoms,  the  sand  becomes, 
greatly  mixed  with  mud,  and  much  diversified  by  large  tracts  of  shelly 
(ieposits  or  by  patches  of  gravel,  and  the  fauna  on  the  bottom  also  becomes 
much  more  abundant.  In  some  spots,  at  about  20  fathoms,  it  is  made  up 
over  considerable  areas  almost  entirely  of  ophiuroids  (Ojphiocoma  nigra  and 
OjMotlirix/ragilis),  which  fill  the  dredge  haul  after  haul.  At  two  localities 
off  the  Isle  of  Man,  viz.,  along  the  east  coast  from  Clay  Head  to  St.  Ann's 
Head,  and  off  the  west  coast  between  Contrary  Head  and  Niarbyl,  at 
depths  between  10  and  20  fathoms,  are  great  nullipore  deposits  formed 
of  Melobeitia  and  Lithothamnion,  which  have  a  most  characteristic  appear- 
ance, smell,  and  fauna. 

This  area  of  the  sea-bottom,  from  10  to  20  fathoms,  extends  across 
from  the  north  of  Lancashire  to  the  Isle  of  Man,  so  that  opposite  Barrow, 
for  example,  there  is  a  wide  extent  of  about  50  miles  in  length  of  sea- floor 
at  depths  of  not  more  than  15  or  16  fathoms  (see  section  at  foot  of 
Plate  L). 

3.  Depths  of  over  20  fathoms  are  only  found  to  the  west,  north,  and 
south  of  the  Isle  of  Man  (see  Chart,  Plate  I.)  ;  and  depths  of  from  20  to 
50  fathoms  give  us  the  most  varied  bottom  deposits  and  the  richest  fauna. 
As  a  rule  the  sand  is  more  or  less  mixed  with  mud,  and  as  the  bottom 
goes  deeper  the  amount  of  Diud  gets  greater.  When  there  is  a  consider- 
able admixture  of  mud  with  coarse  sand,  that  forms  what  is  known  to  the 
trawlers  as  a  *  reamy '  bottom,  and  that  is  the  ground  upon  which  the  sole 
and  some  other  fish  are  generally  found  spawning. 

Shells  and  other  hard  parts  of  animals  play  an  important  part  in  the 
deposits  at  depths  of  about  20  fathoms  and  upwards.  In  places  the  dredge 
comes  up  filled  with  Pecten  shells,  dead  and  alive,  chiefly  P.  opercularia 
and  P,  maximus.  At  other  places  the  deposit  is  practically  composed  of  the 
shells  of  PectunculiM  glydmeria.  These  and  other  shell  beds  form  a  rich 
collecting  ground  to  the  naturalist,  as  they  support  an  abundant  and  varied 
fauna.  Zoophjrtes  and  polyzoa  are  attached  to  the  shells,  and  these  serve 
as  shelter  for  nudibranchs  and  other  small  mollusca,  worms,  and  ascidians. 
On  the  whole  the  heterogeneous  deposits  support  a  richer  fauna  than  do 
the  homogeneous  deposits,  such  as  sand  or  mud,  and  it  is  chiefly  in  the 
zone  of  depth  we  are  now  considering  that  the  heterogeneous  deposits 
occur. 

4.  The  depths  over  50  fathoms  contain  a  pure  dark  bluish  grey  mud 
which  is  very  tenacious,  and  sets  when  dried  into  a  firm  clay.  This  is 
abominable  stuff  to  dredge  in  and  to  work  with  on  deck.  It  clings  to  every- 
thing that  touches  it  :  it  is  almost  impossible  to  see  what  is  in  it,  and  to 
get  the  animals  out  of  it  uninjured  ;  it  is  too  solid  for  the  sieves,  and  the 
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hose  can  be  played  upon  masses  of  it  almost  indefinitely  without  dissolving 
it.  The  fauna  of  this  zone  is,  in  our  district,  quite  peculiar  and  character- 
istic. In  its  shallower  parts,  about  50  fathoms,  it  contains  great  numbers 
of  living  and  dead  TurrUella  terdyra,  upon  many  of  which  are  attached  one, 
two,  or  three  specimens  of  the  little  red  anemone  Sagartia  Herdmaniy 

FlO.  2. — Sagartia  Herdmaui  (Haddon). 


Haddon.  In  its  deeper  parts,  up  to  80  fathoms,  are  found  Calocarut 
Macandreff.,  Uyalinoscia  ttibicola,  a  small  Lunibricofiereisy  PmUhalis 
Oeratedij  Lipobranchius  Jeffreysit,  Brissopsis  lyri/era,  Amphiura  Chiajii, 
and  laocardia  cor.  Great  quantities  of  large  sausage-like  muddy  tubes, 
formed  of  stratified  layers  of  interlacing  threads  of  mucus  in  which  the 
mud  particles  are  closely  entangled,  are  brought  up  in  the  dredge.  These 
are  almost  certainly  the  tubes  of  PanthaZis  Oerstedi^  and  the  living  annelid 
has  several  times  b^en  found  in  the  tubes,  but  most  of  those  we  dredge 
up  are  empty,  and  the  tubes  are  certainly  far  more  numerous  tlian  the 
worms.  Possibly  the  explanation  is  that  the  Pantludis  forms  a  tube  as  it 
lies  in  the  mud,  and  then  when  it  moves  away  leaves  its  tube  behind  it 
(one  can  scarcely  imagine  the  animal  dragging  such  a  tube  through  this 
tenacious  deposit),  and  after  a  time  forms  another  in  a  new  situation. 

These  are  the  leading  conclusions  we  have  come  to  so  far  in  regard  to 
the  distribution  of  submarine  deposits  in  our  area.  Two  further  questions 
now  present  themselves :  first,  the  biological  one — the  effect  upon  the 
fauna  ;  and  secondly,  the  geological  one — the  origin  of  the  deposits.  In 
regard  to  the  importance  of  the  nature  of  the  bottom  to  the  animals  living 
upon  it  there  can  be  no  doubt.  Probably  the  nature  of  the  deposit  is  the 
most  important  of  the  various  factors  that  determine  the  distribution  of 
animals  over  the  sea-bottom  within  one  zoological  area.  It  is  certainly 
more  important  than  mere  depth  ;  a  muddy  bottom  will  support  a  similar 
fauna  at  ten  fathoms  in  one  place  and  at  fifty  fathoms  in  another.  Pro- 
bably the  most  important  influence  in  the  environment  of  a  lower  animal 
is  its  food,  and  once  beyond  the  narrow  sub  littoral  zone  in  which  algse 
flourish — and  to  which,  of  course,  certain  phytophagous  animals  must  be 
restricted — it  is  probably  chiefly  the  nature  of  the  bottom  which  deter- 
mines the  food.^  Many  animals  feed  upon  the  deposit,  others  browse  upon 
the  polyzoa  and  zoophytes  which  can  only  attach  themselves  and  grow 
where  there  are  sufficiently  large  objects,  such  as  shell  valves,  from  which 
they  can  get  the  necessary  stability  ;  while  others,  again,  feed  upon  their 
neighbours,  which  subsist  on  the  deposit  or  are  attracted  by  the  zoophytes, 
Ac. ;  for  example,  soles  are  frequently  caught  upon  ground  (known  to 
fishermen  as  '  sole  ground ')  where  Fluatra  foliacea  lives  in  abundance,  and 
the  probable  connection  is  that  the  fish  are  dependent  upon  the  numerous 
amphipoda  and  other  small  animals  which  frequent  the  tufts  of  Flustra, 
The  same  locality  may  vary  so  much  from  time  to  time  in  the  temperature, 
the  salinity,  and  the  transparency  of  the  water,  that  it  is  probable  that 

*  The  only  food  supply  qnite  independeDt  of  the  bottom  is  dead  pjankton,  from 
the  water  above,  which  may  reach  the  bottom  mieaten. 
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none  of  these  factors — so  long  as  the  variations  do  not  exceed  certain 
limits — have  so  much  influence  upon  the  fauna  as  the  nature  of  the  deposit 
has.  It  is  therefore  quite  to  be  expected  that  the  fauna  should  vary  from 
place  to  place  with  the  nature  of  the  bottom,  and  that  is  what  we  have 
observed  frequently  in  our  work  round  the  Isle  of  Man.  In  practically 
the  same  water,  identical  in  temperature,  salinity,  and  transparency,  at  the 
same  depth,  with,  so  far  as  one  can  see,  all  the  other  surroundiing  con- 
ditions the  same,  the  fauna  varies  from  place  to  place  with  changes  in  the 
bottom — mud,  sand,  nullipores,  and  shell  beds,  all  have  their  characteristic 
assemblages  of  animals. 

As  to  the  further,  and  very  important,  question  of  the  origin  of  the 
deposits,  that  is  partly  a  geological  inquiry,  and  one  which  cannot,  until 
we  have  accumulated  a  much  larger  series  of  observations,  be  fully  dis- 
cussed ;  but  there  are  a  few  matters  which  may  be  briefly  pointed  out  as 
giving  some  idea  of  the  range  and  bearing  of  the  question. 

1.  It  is  necessary  to  make  a  most  careful  examination  of  the  deposits. 
For  example,  all  muds  are  not  the  same  in  origin.  A  deposit  of  mud  may 
be  due  to  the  presence  of  an  eddy  or  a  sheltered  comer  in  which  the  finer 
particles  suspended  in  the  water  are  able  to  sink,  or  it  may  be  due  to  the 
wearing  away  of  a  limestone  beach,  or  to  quantities  of  alluvium  brought 
down  by  a  stream  from  the  land,  or  to  the  presence  of  a  submerged  bed  of 
boulder  clay,  or,  finally,  in  some  places  to  the  sewage  and  refuse  from 
coast  towns. 

2.  We  have  kept  in  view  the  possibility  of  some  correlation  between 
the  geological  formations  along  the  beach  and  the  submarine  deposits 
lying  off  the  shore.  There  is  no  doubt  that  the  nature  of  the  rock  forming 
the  shore  has  a  great  influence  upon  the  marine  fauna,  and  has  some- 
times some  effect  upon  the  neighbouring  deposits.  For  example,  the 
contrast  between  the  deposits  lying  ofl'  the  two  prominent  headlands,  the 
Great  Orme,  in  North  Wales,  and  Bradda  Head,  in  the  Isle  of  Man,  is 
well  marked.  The  Great  Orme  is  composed  of  mountain  limestone,  and 
the  result  of  its  weathering  and  erosion  is  that  large  blocks  are  found 
lying  scattered  outside  its  base  on  the  fine  sand ;  but  there  is  no  deposit 
of  smaller  stones,  gravel,  and  resulting  sand  farther  out,  probably  because 
in  the  wearing  of  the  rock  and  the  large  detached  blocks  by  the  sea  a  great 
deal  is  removed  in  solution  and  the  rest  in  suspension  as  very  fine  mud — 
this  we  have  found  to  be  the  case  round  Puffin  Island,  which  is  also 
mountain  limestone.  Bradda  Head,  on  the  other  hand,  is  a  schistose 
metamorphic  Silurian  rock,  which  breaks  up  into  large  fragments,  and 
these  into  smaller,  and  so  forms  deposits  of  dark  slatey  more  or  less 
angular  gravel,  and  then  very  coarse  sand,  extending  for  some  way  out  from 
the  foot  of  the  cliff. 

The  influence  of  the  shore  rocks  upon  the  littoral  fauna  is  an  important 
subject  upon  which  we  have  accumulated  some  observations ;  but  the 
matter  requires  further  work  and  detailed  discussion,  and  must  be  left 
over  for  a  future  report. 

3.  Probably  the  great  bulk  of  the  siliceous  sand  which  forms  so  large 
a  part  of  the  floor  of  our  sea  is  derived  proximately — whatever  may  have 
bc«n  its  ultimate  source  ^ — from  the  great  deposits  of  drift  which  were 
formed  in  the  neighbourhood  during  the  Glacial  period,  and  large  tracts  of 
which  may  since  have  been  broken  up  by  the  sea. 

>  Probably,  to  a  great  extent,  Triassic  sandstones. 
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4.  As  examples  of  a  few  peculiar  and  specially  noteworthy  deposits 
which  are  not  simply  *  terrigenous '  in  their  origin,  the  following  may  be 
mentioned  : — 

South-east  of  the  Calf  Sound,  about  two  miles  out,  at  a  depth  of  20 
fathoms,  there  is  a  white  shelly  sand  which  seems  to  be  almost  wholly 
composed  of  animal  remains.  There  are  broken  fragments  of  the  lamelli- 
branchs  Pecten^  Anomia,  Pectunctdus^  Mactra,  VervuSy  and  Mytilus,  of  the 
gastropods  Cyprcea^  Bucdnum^  Emargintday  Purpura^  and  Trochus,  of 
various  calcareous  polyzoa  such  as  Cellaria^fiettUosay  Cellepora  pumicosa, 
and  lepralids,  of  Balanus  and  SerpvJa,  and  of  various  echinoderm  plates 
and  spines,  and  the  whole  shells  of  Echinocyamus  pvMlus,  The  deposit, 
when  it  comes  up  in  the  dredge,  is  of  a  gleaming  whiteness,  and  has  a  very 
characteristic  appearance.  Such  a  deposit  as  this  would  form  a  rock 
almost  wholly  made  up  of  fossils,  and  might  compare  well  with  some 
Tertiary  fossiliferous  deposits,  such  as  the  Coralline  Crag. 

A  little  further  north,  along  the  east  coast  of  the  Isle  of  Man,  at 
about  a  corresponding  depth  and  distance  from  land,  we  meet  with  a 
purely  vegetal  deposit  formed  of  the  nullipores  Lithothamnion  and 
Melohesia,  On  the  other  side  of  the  island,  again,  between  Port  Erin  and 
the  Calf,  at  a  depth  of  18  fathoms,  there  is  a  tract  of  sea-bottom  which, 
when  brought  up  on  deck,  looks  at  the  first  glance  like  a  peculiarly  fibrous 
sand,  but  a  closer  examination  shows  that  it  is  entirely  composed  of  the 
comminuted  plates,  and  especially  the  spines  of  echinids,  chiefly  S-patangus. 

The  variety  that  is  noticed  in  submarine  deposits  round  the  Isle  of  Man, 
from  depths  of  15  to  35  fathoms,  as  brought  up  in  the  dredge  is  very 
striking.  It  is  remarkable  how  differing  proportions  in  the  mixtures  of 
sand,  gravel,  and  shells  give  rise  to  very  different  colours  and  general 
appearance  in  the  mass.  As  seen  when  tumbled  out  of  the  dredge  on  to 
the  deck,  some  deposits  are  white,  some  yellow,  some  grey,  some  reddish, 
of  various  tints  from  pink  to  ruddy  brown,  and  others  darker,  of  all 
shades  of  brown  and  dark  grey.  It  is  curious  how,  even  in  a  compo- 
site deposit  made  up  of  many  different  constituents,  there  is  usually  a  pre- 
vailing tint ;  for  example,  the  bottom  at  Station  6  on  May  27,  although 
composed  (see  p.  321)  of  mud,  sand,  nullipores,  shells,  and  stones,  was  dis- 
tinctly of  a  rich  ruddy  brown  tint.  The  importance  of  this  presence  of 
prevailing  colours  in  the  various  submarine  deposits  is  obvious  in  its 
bearing  upon  the  colours  and  habits  of  animals. 

Another  very  remarkable  sea-bottom  is  one  which  takes  the  form  of 
irregular  calcareous  masses,  cementing  together  the  dead  shells  and  sand 
grains  which  are  lying  on  the  bottom,  and  making  lumps  like  *  clinkers.' 
Hence  the  spot  where  it  is  found  is  called  by  the  trawlers  the  '  Black- 
smith's Shop.'  It  is  about  25  miles  S.S.W.  of  the  Calf  of  Man  (see 
PI.  I.),  in  ordinary  clear  weather  the  Chicken  Rock  Lighthouse  just 
dipping  and  the  stack  at  Holyhead  just  rising  above  the  water,  and  the 
depth  is  about  25  fathoms.  We  have  also  heard  of  a  similar  bottom  of 
cemented  shells  between  Ramsey  and  North  Lancashire.  Mr.  Leicester 
has  found  the  following  shells  in  the  concretions  : — Pecten  opercularisy 
Cyprina  islandica,  Venus  lincta,  Cardium  echinatum,  Nucula  nucleuSy 
Scrobicularia  alba,  Lucina  borealis,  and  Turritella  terebra.  There  is 
a  fine  lump  of  this  deposit  in  the  Biological  Station  at  Port  Erin,  and 
we  have  presented  another  piece  to  the  Jermyn  Street  Museum  in 
London.  Mr.  W.  W.  Watts,  of  the  Geological  Survey,  has  made  a 
careful  examination  by  thin  sections  of  the  latter  specimen,  and  he  has 
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kindly  sent  the  following  notes  in  regard  to  it : — *The  microscopic  ex- 
amination shows  that  it  is  practically  a  fine-grained  grit  made  up  of  the 
usual  constituents  of  f ragmen tal  rocl^s  cemented  together,  the  cement 
being  in  greater  quantity  than  the  grains.  These  grains  are  chiefly  chips 
of  quartz,  but  I  have  also  seen  microcline,  orthoclase  felspar,  plagioclase 
felspar,  brown  mica,  a  tew  grains  of  glauconite,  and  green  and  brown 
pseudomorphs,  probably  after  grains  of  some  ferro-magnesian  mineral 
like  augite,  hornblende,  or  even  possibly  olivine — which  it  is  impossible 
now  to  say,  but  I  think  most  probably  hornblende.  There  are  one  or 
two  opaque  grains,  and  several  clear  grains  containing  a  good  deal  of 
minute  magnetite.  The  grains  vary  in  size  within  small  limits ;  the 
largest  I  have  measured  is  0-02  inch  and  the  smallest  0  002  inch,  but  the 
average  size  would  be  about  0 '004-0 -005  inch  in  longest  diameter.  They 
are  therefore  minute  grains,  and,  as  might  be  expected,  extremely  angular, 
not  one  in  a  hundred  showing  rounded  outlines.  They  are  cliiefly  such 
grains  as  would  come  from  the  denudation  of  granitic  rocks  or  sediments 
derived  from  them. 

*  The  cement  is  carbonate  of  lime,  with  a  small  impurity  of  carbonate  of 
iron,  present  chiefly  in  certain  layers,  but  not  there  in  any  considerable 
quantity.  The  cement  is  clearly  crystalline  in  immediate  contact  with  the 
grains,  and  also  where  lining  cracks  and  cavities.  Elsewhere  it  is  more 
opaque,  and  less  conspicuously  crystalline.  The  section  cuts  across 
numerous  shell  fragments  and  a  few  polyzoa,  and  where  there  are  any 
hollow  structures,  as  in  the  inside  of  lamellibranchs  or  gastropods,  they 
are  filled  up  with  a  substance  indistinguishable  from  the  bulk  of  the 
concretion. 

'The  specimen  shows  no  particular  reason  for  the  local  deposit  of 
cement,  and  the  other  constituents  are  doubtless  the  ordinary  materials 
of  the  sea-bed.  I  cannot  find  any  evidence  that  the  cementing  is  due  to 
any  organic  agency,  and  the  thoroughly  well-developed  crystals  of  car- 
bonate of  lime  quite  agree  with  this.  It  may  be  that  the  Carboniferous 
limestone  crops  out  on  the  sea-bottom  under  the  deposit,  and,  if  so,  there 
would  very  likely  be  submarine  springs  laden  with  carbonate  of  lime 
which  might  be  precipitated  there  under  less  pressure  or  local  loss  of 
carbonic  acid.  It  may  be  added  that  Mr.  Clement  Reid  could  not  see  in 
the  specimen  any  identifiable  shells  of  other  than  recent  age.' 

Another  possible  explanation  is  that  the  smaller  calcareous  particles 
on  the  bottom  have  been  dissolved  in  the  sea- water  and  then  re-deposited 
so  as  to  cement  together  the  larger  shells  and  the  sand  grains. 

As  was  mentioned  earlier  in  the  report,  sample  bags  of  all  the  more 
important  submarine  deposits  we  have  come  upon  have  been  sent,  at 
Sir  Archibald  Geikie's  request,  to  the  Museum  of  the  Geological  Survey 
in  Jermyn  Street.  They  are  being  examined  there  by  Mr.  Clement 
Reid,  F.G.S.,  who  writes  the  following  preliminary  note  in  regard  to 
them  : — 

'  On  comparing  these  samples  with  British  deposits  of  Tertiary  date 
one  finds  a  marked  difierence  in  lithological  character.  Dredgings  from 
the  Irish  Sea,  and  also  from  the  North  Sea,  are  characterised  by  a 
much  coarser  and  more  gravelly  texture  than  one  would  expect  at  such 
depths — coarser,  in  fact,  than  one  finds  in  Pliocene  deposits,  yielding  a 
similar  fauna,  indicating  similar  or  even  smaller  depths.  A  glance  at 
these  dredgings  shows  the  reason  of  this,  for  they  are  largely  composed 
of  unworn  or  little- worn  fragments  of  rock,  often  entirely  encrusted  by 
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organic  growth.  The  stones  evidently  have  not  been  transported  far  by 
water,  or  they  would  be  well  rounded,  like  the  pebbles  found  in  our 
Eocene  beds.  The  encrusting  organisms  show  also  that  the  fragments 
have  lain  undisturbed  on  the  sea- bed,  yet  they  have  often  been  derived 
from  far-distant  sources.  Though  no  Glacial  strise  were  observed,  and  no 
undoubted  sub-fossil  arctic  shells  have  yet  been  found  at  these  localities, 
yet  there  seems  little  doubt  that  the  bulk  of  the  material  on  the  sea- 
bottom  over  this  area  has  been  derived  from  the  breaking  up  of  pre- 
existing Glacial  deposits.  This  may  occur  at  a  depth  of  several  &ithoms 
through  the  gradual  washing  away  of  the  muddy  and  sandy  matrix  of  a 
boulder  clay  or  Glacial  gravel.  Coarse  gravel  is  thus  caused  to  accu- 
mulate at  a  spot  where  the  currents  may  be  too  feeble  to  transport 
anything  but  sand. 

'  This  submarine  origin  of  angular  gravel  deposits  should  not  be  for- 
gotten, for  it  affects  the  lithological  character  of  the  sea-bottom  over 
most  of  the  area  which  was  formerly  glaciated,  even  as  far  south  as 
Cornwall.  On  the  other  hand,  it  does  not  affect,  except  to  a  small 
extent,  the  sea-bed  beyond  the  former  limit  of  the  ice,  and  it  does  not 
affect  pre-Glacial  deposits.  Thus  we  must  always  expect  to  find  at 
similar  depths  the  same  fauna  associated  with  deposits  of  tiner  texture 
as  soon  as  we  leave  the  glaciated  area,  or  when  we  go  back  into  Tertiary 
times. 

*  It  is  also  worth  noting  that  the  occurrence  of  a  stony  bottom  at 
twenty  or  thirty  fathoms — where  normally  there  would  be  no  deposit 
coarser  than  sand — will  probably  lead  to  a  disproportionate  increase  of 
all  encrusting  organisms,  and  of  all  organisms  needing  a  solid  base.  This 
has  certainly  taken  place,  as  anyone  studying  our  shoal-water  Tertiarj- 
deposits  will  have  observed.  They  contain  few  stones,  and  though  each 
stone  or  dead  shell  may  be  covered  with  encrusting  organisms,  yet  the 
.relative  proportion  of  these  to  the  free  forms  is  far  smaller  than  seems 
commonly  to  be  the  case  in  the  seas  that  now  wash  our  shores.  The 
sole  exception  to  this  rule  among  the  British  Tertiary  strata  is  found  in 
the  Coralline  Crag,  in  which  the  contemporaneous  consolidation  of  the 
limestone  was  sufficient  to  provide  the  necessary  solid  base  for  the 
encrusting  and  fixed  organisms  so  abundant  in  that  deposit.' 

In  conclusion,  it  is  clear  that  this  investigation  of  our  modem  sub- 
marine deposits,  their  distribution,  nature,  origin,  and  associated  fauna, 
has  geological  applications,  and  that  our  results  may  be  of  some  importance 
to  palieontologists  in  determining  the  conditions  under  which  the  fauna 
of  a  particular  horizon  existed  in  the  past ;  but,  from  our  point  of  view, 
the  matter  is  a  purely  Biological  ona  We  consider  it  of  primary  impor- 
tance, in  studying  the  distribution  of  the  marine  animals  in  our  district,  to 
investigate  as  minutely  as  possible  their  environment,  and  that  not  merely 
because  it  gives  us  some  of  the  factors  and  possibly  the  explanation  of  the 
distribution,  but  also  on  account  of  the  light  it  may  throw  upon  the 
habits,  variations,  and  other  important  characteristics  of  the  species. 

The  Committee  apply  to  be  reappointed,  with  a  small  grant  to 
defray  part  of  the  expenses  of  the  drec^^g  expeditions. 
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During  the  past  year  the  table  hired  by  the  British  Association  in  the 
Naples  Zoological  Station  has  been  occupied  by  Mr.  J.  E.  S.  Moore,  and 
your  Committee  have  pleasure  in  directing  attention  to  the  important  in- 
vestigations carried  on  by  him,  and  to  the  carefully  worked-out  results 
which  are  indicated  in  the  accompanying  report  sent  in  by  Mr.  Moore. 
In  the  opinion  of  your  Committee  this  report  alone  is  sufhcient  to  justify 
them  in  strongly  recommending  the  renewal  of  the  grant. 

An  application  for  permission  to  use  the  table  during  the  ensuing  year 
for  a  period  of  six  months,  commencing  at  the  end  of  September,  has  been 
received  from  Mr.  M.  D.  Hill,  who  wishes  to  continue  his  researches  on 
fertilisation  in  the  eggs  of  Echinoderms,  MoUusks,  and  Annelids.  Your 
Committee  hope  that  the  Association,  by  continuing  the  hire  of  a  table  as 
in  previous  years,  will  enable  them  to  afford  to  their  applicant  and  to 
other  British  naturalists  the  chance  of  participating  in  the  advantages  of 
this  justly  predominant  and  well-managed  institution.  In  further  support 
of  this  expression  the  Committee  beg  to  lay  before  the  Council  the  cogent 
remarks  of  Professor  Anton  Bohrn  contained  in  the  following  letter 
addressed  to  their  Secretary.  This  letter  furnishes  at  the  same  time  a 
report — by  the  one  best  qualified  to  give  it — of  the  present  position  of  the 
station,  as  well  as  a  statement  of  its  claims  upon  the  naturalists  of  other 
countries,  and  especially  upon  all  broad-minded  scientific  workers  who 
advocate  the  importance  of  international  co-operation  : — 

Naples:  July  6,  1894. 

Dbab  Mr.  Sladen, — To  give  in  a  few  words  my  report  on  the  progress 
of  the  Naples  Zoological  Station,  I  may  be  permitted  to  say,  *  Vivit,  floret^ 
crescit '  in  all  its  parts. 

In  fact,  this  is  the  plain  truth  :  the  life  of  the  station  is  best  proved 
by  the  number  of  those  who  use  its  opportunities  for  research  ;  its  flourish- 
ing state  by  the  quality  and  the  quantity  of  scientific  publications  produced 
there  in  the  course  of  one  year ;  and  its  gi-owth  by  the  addition  of  new 
arrangements  for  library,  laboratory,  and  administration.  As  figures  speak 
for  themselves,  I  may  add  that  800/.  sterling  have  been  spent  this  year  for 
the  latter  purpose  alone. 

All  this  is  too  well  known  by  those  who  take  an  interest  in  the 
development  of  this  institution  to  require  a  new  or  detailed  explanation. 
What  is  less  generally  known,  but  often  considered  by  the  best  and  most 
confiding  friends  of  the  Zoological  Station  as  the  greatest  drawback  and 
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danger  in  its  whole  constitution,  is  the  uncertainty  in  which  its  future 
lies.  The  fact  that  individual  initiative  and  individual  responsibility  have 
hitherto  been  appealed  to  exclusively  for  the  existence  of  the  Zoological 
Station  has  caused  in  many  rainds  apprehension  as  to  what  might  befall 
such  a  highly  complex  organisation  if  individual  initiative  and  responsi- 
bility should  become  unable,  by  the  natural  course  of  events,  to  guarantee 
its  further  development,  and  even  its  existence. 

At  the  last  International  Medical  Congress  in  Rome  a  voice  was  heai-rl 
pointing  out  the  danger  which  threatened  the  Zoological  Station,  and  this 
vf)ice  was  that  of  my  friend  Professor  Michael  Foster,  of  Cambridge.  I 
venture  to  make  a  few  remarks  on  what  my  friend  Foster  said  on  that 
occasion.  Speaking  of  the  desirability — nay,  the  necessity— of  inter- 
national organisation,  he  said :  '  An  example  of  this  is  the  work  done  at  the 
Zoological  Station  at  Naples.  This  is  in  reality  an  international  institution, 
although  it  has  been  chiefly  originated  by  one  man  ;  such  an  institution 
ought  to  be  international,  and  ought  not  to  depend  for  its  existence  upon 
the  energy  of  one  man.'  In  thanking  Professor  Foster  heartily  for  the 
credit  which  he  gives  me  for  originating  the  station,  I  must  after  all 
express  my  belief  that  the  Zoological  Station  will,  even  in  the  future,  find 
it  safest  to  depend  upon  one  man's  energy,  if  the  one  man  is  ready  and 
able  to  take  upon  himself  the  burden  of  the  responsibility.  It  will  take 
some  time  before  the  ideal  of  which  Prof essor  Foster  spokb — 'international 
organisation  of  science  '—can  be  realised.  We  are  still  too  deeply  imbued 
with  national  prejudice  and  national  ambition  to  acknowledge  readily  any 
scheme  which  might  be  offered  to  help  science  by  combined  interaational 
miction.  I  have  had  on  many  occasions  to  experience  the  power  of  these 
influences  during  my  career  at  the  head  of  the  Zoological  Station,  and 
-even  now  I  can  hai-dly  say  that  the  character  attributed  by  Professor 
Foster  to  the  Zoological  Station  is  so  firmly  established  as  to  justify  fully 
the  title  international.  De  /acto  it  is  Germany  which  pays  half  the  sum 
necessary  for  the  maintenance  of  the  Zoological  Station  at  Naples,  though 
Germany  does  not  claim  any  privilege  over  other  contributors.  I  tried  to 
arrange  with  the  Prussian  Ministry  of  Public  Instruction  for  a  ti*ansfer  of 
the  direction  of  the  station  in  case  of  my  death  or  inability  ;  it  was  not, 
however,  accepted  on  account  of  the  difficulty  of  governing  an  institution 
of  this  complex  nature  without  endangering  its  cosmopolitan  character. 
On  the  other  hand,  many  countries  receive  direct  or  indirect  advantages 
from  the  existence  of  the  Zoological  Station  at  Naples,  but  do  not  accept 
Any  or  a  due  share  of  the  burden  of  its  maintenance. 

Years  ago  I  undertook  to  organise  the  '  Zoologischer  Jahresbericht '  on 
the  footing  of  international  contributions,  and  failed  to  such  an  extent 
that  I  had  almost  to  give  up  the  whole  Jahresbericht.  National  prejudice 
and  private  interest  could  not  be  moved  to  give  way  to  higher  aims.  I 
could  easily  furnish  interesting  material  in  regaixi  to  the  manner  in  which 
these  endeavours  came  to  be  frustrated,  but  I  will  rather  defer  it  to  another 
occasion,  since  I  am  still  resolved  to  try  again,  and  perhaps  on  a  greater 
scale,  the  undertaking  which  failed  fifteen  years  ago.  Professor  Foster's 
own  speech  and  many  other  utterances  of  authoritative  character  prove 
undoubtedly  that  what  I  attempted  in  1879  will  soon  be  generally  taken 
up,  and  will  doubtless  prove  one  of  the  most  important  steps  in  the 
organisation  of  science.  Meanwhile  I  have  been  busy  preparing  for  the 
continuance  of  the  station's  monarchical  constitution  by  winning  over 
the  municipal  authorities  of  Naples  to  revise  the  original  contract^  which 
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did  not  give  me  the  right  to  establish  the  inheritance  of  the  Zoological 
Station  on  one  of  my  four  sons.  The  revision  has  now  been  carried 
through,  and  my  eldest  son  is  directing  his  studies  in  order  to  be  pre- 
pared to  continue  the  administration  of  the  station  when  the  time  comes 
that  his  father  is  unable  to  carry  it  on.  The  right  of  inheritance  being 
extended  to  all  my  four  sons,  I  hope  the  future  of  the  Zoological  Station 
will  be  considered  somewhat  better  established  now  than  it  was  some 
years  ago. 

I  am  further  endeavouring  to  render  the  task  easier  for  my  sons  by 
collecting  funds,  which  may  serve  as  a  reserve  and  pension  fund  for  times 
of  depression,  or  when  age  and  disease  should  deprive  me  and  the  station 
of  the  valuable  co-operation  of  any  of  my  faithful  staff,  thus  establishing 
the  station  on  the  footing  of  an  industrial  or  commercial  enterprise,  but 
without  the  drawback  of  having  to  pay  dividends  to  shareholders.  The 
progress  made  in  this  direction  is  naturally  slow  and  only  possible  with 
Germany's  generosity ;  but  it  is  to  be  hoped  that  such  funds  once  esta- 
blifihed,  and  their  existence  msule  known,  even  private  help  may  be  obtained 
for  their  more  rapid  increase. 

In  giving  you  this  information,  dear  Mr.  Sladen,  I  hope  rather  to 
augment  than  to  diminish  the  readiness  for  help  which,  from  the  very 
beginning,  the  Zoological  Station  has  met  with  in  Great  Britain,  and  to 
facilitate  the  maintenance  of  the  table  which  the  British  Association  has 
so  many  years  kept  up  in  an  institution  which  has  become — Professor 
Foster's  own  words  prove  it — a  forerunner  of  many  other  institutions  to 
be  created  in  the  next  century  on  an  international  basis  for  the  promotion 
of  research. — Yours  sincerely, 

Anton  Dohrn. 

The  progress  of  the  various  publications  undertaken  by  the  station  is 
summarised  as  follows  : — 

1 .  Of  the  *  Fauna  und  Flora  des  Golf os  von  Neapel,'  the  monographs 
by  Professor  Spengel  on  '  Enteropneusta '  (758  pp.,  37  plates),  and  by 
Professor  Delia  Yalle  on  *  Gammarini '  (948  pp.,  61  plates)  have  been 
published  ;  and  the  monograph  by  Dr.  W.  Miiller  on  *  Ostracoda '  is  nearly 
ready. 

2.  Of  the  '  Mittheilungen  aus  der  Zoologischen  Station  zu  Neapel,' 
vol.  xi.,  parts  i.  and  ii.,  with  13  plates,  have  been  published,  and  part  iii. 
is  in  the  press. 

3.  Of  the  *  Zoologischer  Jahresbericht,'  the  whole  'Bericht'  for  1892. 
has  been  published,  and  the  *  Bericht '  for  1893  is  nearly  ready.  There  is. 
also  in  the  press  an  Alphabetical  Index  for  the  years  1886  to  1890. 

4.  A  new  edition  (entirely  rewritten)  of  the  *  Guide  to  the  Aquarium  ' 
(in  German)  is  being  prepared. 

The  details  extracted  from  the  general  report  of  the  Zoological  Station,, 
which  have  been  courteously  furnished  by  the  officers,  will  be  found  at  the 
end  of  this  report.  They  embrace  lists  (1)  of  the  naturalists  who  have 
occupied  tables  since  the  last  repbrt ;  and  (2)  of  the  works  published 
during  1893  by  naturalists  who  have  worked  at  the  Zoological  Station. 

The  preserved  specimens  sent  out  by  the  station  during  the  year 
ending  June  1894  comprised  194  consignments,  amounting  to  17,687.70  fr.» 
as  against  171  consignments,  amounting  to  13,334.95  fr.  in  the  preceding 
year. 
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APPENDIX. 

I. — On  the  *  Reduction  Division  *  in  tlhe  Cartilaginous  Fishes. 
By  J.  E.  S.  Moore. 

In  availing  myself  of  the  unrivalled  opportunities  for  investigation 
oflTered  by  the  marine  laboratory  at  Naples,  I  had  in  view  the  continua- 
tion of  some  researches,  concerning  the  nature  of  the  origin  of  the  repro- 
ductive elements  in  forms  which  it  was  difficult  to  obtain  under  suitable 
conditions  while  at  home. 

No  great  amount  of  reliable  descriptive  matter  relating  to  the  origin 
and  anatomy  of  the  reproductive  cells  is  really  available  from  a  modem 
cytological  standpoint ;  but  notwithstanding  this  paucity  of  material 
wherewith  to  build,  the  intellectual  activity  of  the  time  has  been  able 
to  fit  it  to  a  vast  superstructure  of  speculation  which  in  the  minds  of  not 
a  few  observers  of  to-day  .has  only  been  built  to  fall. 

Wherever  theory  far  outstrips  the  facts,  and  by  its  own  light  pene- 
trates where  actual  observation  has  not  yet  been  made,  its  explanations 
are  always  subject  to  a  long  and  close  revision,  as  the  bricks  of  the 
actually  known  mount  up  and  their  theoretical  substitutes  are  individuaUy 
weighed  and  left  to  stand  or  thrown  away  as  wanting. 

The  demonstration  of  a  number  of  nuclear  chromosomes  constant  for 
each  species  both  for  animals  and  plants  was  no  sooner  found  to  be  a 
universal  truth  than  the  discovery  of  a  reduction  by  one  half  of  this 
number  in  the  origin  of  the  two  pronuclei,  as  described  by  Hertwig  in 
the  case  of  Ascaris,  led  up  to  the  belief  that  in  this  phenomenon  lay  the 
secret  of  that  blending  of  hereditary  characters  which  naturalists  had  so 
long  sought  in  vain. 

In  the  case  of  the  invertebrates  in  which  the  reduction  divisions  were 
first  described,  the  chromosomes  are  said  to  pass  undivided  to  the 
daughter  cells  in  such  a  way  that  there  are  only  half  as  many  in  these 
SIS  in  the  parent,  and  the  assumed  universality  of  this  phenomenon  forms 
the  keynote  of  that  part  of  Weismann's  theory  which  deals  with  the 
balancing  of  the  hereditary  stufis  at  fertilisation.  Some  experience  of 
the  phenomenon  of  maturation  in  the  spei*matogenesis  of  Mammalia  had 
convinced  me  that,  although  there  was  a  numerical  chromatic  reduction, 
this  phenomenon  was  brought  about  in  a  manner  quite  different  from 
what  was  generally  supposed ;  and  I  determined  during  my  stay  in 
Naples  to  study  the  same  phenomena  as  presented  in  Elasmobranchs, 
so  that  we  should  be  able  to  arrive  at  definite  conclusions  in  another 
great  group  of  vertebrates. 

It  had  been  my  intention  at  the  same  time  incidentally  to  make  an 
embryological  study  of  the  developmental  histology  of  the  whole  repro- 
ductive gland,  but  the  limited  amount  of  material  available  for  this 
purpose  necessitated  the  restriction  of  my  work  to  somewhat  narrower 
lines. 

A  preliminary  account  of  this  was  published  in  the  'Anatomische 
Anzeiger,'  in  a  note  *  On  the  Germinal  Blastema  and  the  Nature  of  the 
so-called  "  Reduction  Division  "  in  the  Cartilaginous  Fishes,'  which  I  had 
completed  on  February  28.  During  March,  April,  and  May  I  was  able 
to  revise  and  extend  the  results  I  had  hitherto  obtained. 

It  will  be  seen  that  my  observations  respecting  the  reduction  phe- 
nomena fit  in  admirably  with  the  half  theoretical  anticipations  of  Boveri, 
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as  well  as  with  what  I  had  already  found  to  be  the  case  in  the  spermato- 
genesis of  Mammalia,  and  what  Braner  regards  as  the  more  correct  ren- 
dering of  the  same  phenomena  in  Ascaris, 

The  last  two  divisions  of  the  Elasmobranch  spermatogenesis  are  quite 
distinct  from  those  which  go  before. 

There  are  twelve  chromosomes  in  the  penultimate  division,  whether 
we  count  them  when  emerging  aa  chromatic  rings  from  the  reticulum  of 
the  previous  resting  nucleus  in  the  '  monaster/  or  as  the  divided  loops 
when  nearing  the  opposite  poles  of  the  spindle  figure  as  suggested  by 
Boveri. 

The  daughter  nuclei  produced  pass  into  a  condition  of  complete 
repose  prior  to  the  last  division  of  the  spermatogenetic  series,  and  the 
initial  phases  of  the  last  mitosis,  as  well  as  its  whole  course,  proceed  in 
exactly  the  same  way  as  in  the  penultimate  division,  except  that  only  six 
chromosomes  emerge  from  the  resting  reticulum  instead  of  twelve. 

A  close  examination  of  these  twelve  chromosomes  of  the  penultimate 
division  reveals  the  fact  that  they  are  each  built  up  of  four  small  conden- 
sations or  primary  elements  united  together  in  the  form  of  a  ring,  while 
those  constituting  the  individual  loops  or  rings  of  the  final  division  are 
far  more  numerous.  The  small  size  and  crowding  of  the  parts  in  the 
latter  phase  render  counting  very  difficult,  but  numbers  of  readings 
satisfied  me  that  in  this  division  they  are  eight — ^i.e.,  the  twelve  fourfold 
chromosomes  of  the  penultimate  division  are  rearranged  in  the  form  of 
six  eight-fold  chromosomes  in  the  last  division,  while  both  divisions  are 
normal  mitoses,  in  which  there  is  no  passage  of  unsplit  chromatic  masses 
to  the  poles. 

In  the  spermatogenesis  of  this  fish,  then,  there  is  reduction  only  in  the 
number  of  the  chromosomes  when  they  reappear  from  this  rest  in  the  final 
as  compared  with  the  penultimate  division.  But  this  change  is  not 
brought  about  by  either  division  ;  it  occurs  during  the  resting  condition  of 
the  nucleus  between  the  two,  and  exists  simply  as  a  rearrangement  of  the 
parts. 

From  Brauer'fi  work  it  seems  that  the  so-called  '  reduction '  in  the 
spermatogenesis  of  Ascaris  is  brought  about  during  an  intervening  rest 
between  the  last  mitoses,  just  as  in  the  case  of  the  Mammalia,  and  we  now 
have  it  also  in  the  cartilaginous  fish,  so  that  it  follows  that  in  these 
widely  separated  groups  the  last  two  divisions  of  the  spermatogenesis  do 
not  correspond  to  the  successive  extrusions  of  the  polar  bodies,  because 
between  the  two  mitoses  which  bring  about  this  extrusion  there  is  no  rest 
phase,  and  the  supposed  absence  of  this  between  the  last  divisions  of  the 
spermatogenesis  was  the  very  fact  from  which  Hertwig  argued  their 
similarity. 

Moreover,  Boveri  seems  conclusively  to  show  that  there  is  no  *  reduc- 
tion '  accomplished  in  any  division  up  to  the  formation  of  the  first  ovicyte, 
nor  yet  in  either  division  by  which  the  polar  bodies  themselves  are  formed. 
ITet  there  are  only  half  as  many  chromosomes  in  the  divisions  which  form 
the  polar  bodies  as  there  are  in  the  mitoses  prior  to  the  formation  of  the 
£rst  ovicyte,  and  so  ah  infra  the  reduction  must  occur  in  the  rest  after  the 
division  which  forms  the  cell. 

If  a  comparison  can  be  made  at  all,  the  spermatogenesis  of  the  forms 
under  discussion  stops  short  at  a  point  corresponding  to  the  formation  of 
the  first  ovicyte  in  the  ovigenesis. 
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Such,  then,  are  the  bare  facts  of  the  chromatic  reductions  in  these  carti- 
laginous fishes.  But  it  must  not  be  supposed  that  they  are  more  than  the 
grossest  features  presented  by  a  mass  of  material  which  will  take  many 
months  in  fully  working  up. 

Nor  yet  are  they  in  a  strictly  anatomical  sense  by  any  means  the  most 
interesting  features  in  relation  to  these  cells ;  the  large  clear  elements  of 
the  Elasmobranch  testes  present  a  splendid  field  for  more  purely  cyto- 
logical  research,  and  I  gave  the  briefest  account  of  the  direction  in  which 
such  investigations  seemed  tending  in  the  article  above  referred  to.  Very 
little  is  really  known  respecting  cellular  metamorphosis,  or  the  morpholo- 
gical value  of  the  intercellular  structures  relating  to  it ;  in  &bct,  we  are  only 
just  beginning  to  extend  morphological  conceptions  to  cellular  anatomy  at 
all.  Consequently  it  is  with  the  profoundest  interest  that  I  find  among 
other  things  the  archoplasmic  vesicle  of  the  Elasmobranch  spermatid  to 
have  an  intra- nuclear  origin,  although  it  remains  identical  in  structure 
and  minute  relationship  with  that  of  the  Mammalia,  a  purely  c3rtoplasmic 
construction. 

In  conclusion,  I  would  express  my  thanks  to  the  British  Association 
for  the  opportunity  of  completing  my  work,  and  to  the  Directors  of  the 
Naples  Laboratory  for  their  unremitting  kindness  during  my  stay. 

TI. — A  List  of  Naturalists  who  have  worked  at  the  Zoological  Station  from, 
the  end  of  June  1893  to  the  end  of  Ju/ne  1894. 


Nam- 

State  or  Institution 

Duration  of 

Occupancy 

beron 
;    List 

Natnraliflt's  Name 

whose  Table 
was  made  nse  of 

L^  ■■WA  WiA^av    O    A^  TOllJ^^ 

Arrival 

Departure 

1    748 

Dr.  A.  Busso      . 

Italy 

July    1,1893 

Dea  31.1893 

1    749 

Prof.  A.  Delia  Valle  . 

»»           ... 

»      6» 

^^ 

Oct.  23.    ,. 

7fiO 

Prof.  8.  Trinchese     . 

»»            ... 

Aug.    8, 

„ 

Dec.  31.    „ 

.    761 

Dr.  G.  MazzarelU       . 

»>            ... 

„      8, 

___ 

762 

StDd.  V.  Diamare 

*»            ... 

„      8, 



753 

Prof.  F.  S.  Monticelli 

»»            ... 

__ 

754 

Signa.  B.  Ferrari 

»i            ... 

I      2, 

H 

Sept.  6,    „ 

776 

Sig.  F.  Crevatin 

ft           ... 

M        2, 

ft 

ff              ^y          ^ 

766 

Mr.  George  Bidder    . 

Zoological  Station  . 

„      9, 

„ 

757 

Dr.  U.  Flora      . 

Italy 

M     10, 

9* 

Nov.    7,    „ 

768 

Dr.  G.  Zambrano 

«>           ... 

„     11, 

,f 

Oct.  14,    „ 

769 

Dr.  N.  Iwanzoff 

Russia      . 

»    23, 

Nov.  26,    „ 

760 

Prof.  A.  de  Korotneff 

It          ... 

Sept.  24. 
Oct.    3. 

,f 

Oct.    2,    „ 

761 

Dr.  Th.  Schaeppi 

Switzerland     . 

Dec.    1,    ., 

762 

Dr.  P.  Samassa . 

Baden 

»      6» 

Apr.  13, 1894 

763 

Prof.  G.  Fomario 

Italy 

»     10, 

764 

Mr.  J.  B.  S.  Moore    . 

British  Association . 

,.    1«, 

June  9,    ., 

765 

Dr.  R.  Whassak 

Switzerland     . 

Nov.  3, 

Mar.  17,    „ 

766 

Dr.  Th.  Beer 

Austria    . 

„      7. 

May  12,    „ 

767 

Mr.  G.  Fairchild 

Smithsonian  Institu- 
tion 

«     18, 

»» 

Mar.  17,    „ 

768 

Dr.  W.  M.  Wlieeler    . 

i»               tt 

Dec.  30. 

,« 

Apr.  14,     „ 

769 

Prof.  S.  Trinchese      . 

Italy        . 

Jan.    1,] 

L894 

770 

Dr.  G.  Jatta      . 

Zoological  Station  . 

n       1. 

__ 

771 

Dr.  A.  Russo 

Italy 

„      1, 

._ 

772 

Dr.  H.  Klaatsch 

Prussia     . 

»    11. 

* 



773 

Dr.  S.  Fnchs      . 

Austria    . 

»»    21, 

June  9,    „ 

774 

Prof.  H.  C.  Bampns  . 

Smithsonian  Institu- 
tion 

..    26, 

»» 

Apr.    2,    „ 

775 

Prof.  A.  de  KorctneT 

Russia     . 

Feb.   6, 

Feb.  14,    „ 

776 

l»rof.  J.  Klein    . 

Hungary . 

«      9, 

»i 

May    9,    „ 
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II.— A  List  of  'Satvrau3'T»— continued. 


Num- 
ber on 

Naturalist's  Name 

State  or  In<«titation 
whose  Table 

Dtiration  of 

Occupancy 

1 

List 

was  made  use  of 

Arrival 

Departure 

777 

I'rof.  R.  Ewald  . 

Strasburg 

Feb.  13,  ] 

L894 

May    9,18»4t 

778 

Dr.  H.  Stehlin  . 

Switzerland     . 

H     16, 

»» 

June  15,    „ 

771) 

Caod.  A.  Schmidt      . 

HoUand  . 

Mar.   1, 

»• 

780 

Prof.  H.  Lndwig 

Prussia    . 

..      4, 

If 

Apr.    3.     ., 

781 

Dr.  R.  Krause    . 

„         .        .        . 

M        6» 

,f 

Mar.  27,    ..    ; 

782 

Dr.  H.  Daerck  . 

Davaria    . 

If       8, 

i» 

Apr.  26.    ,.     , 

783 

Dr.  E.  Bnins 

»i        •        •        • 

M        9, 

ff 

It     26,    „ 

784 

Prof.  W.  His      .' 

Saxony     . 

M      16, 

t» 

Mar.  27,    .. 

785 

Dr.W.  Nagel     . 

Wxlrtemberg    . 

,.     17, 

t, 

Apr.  LS,     „ 

786 

Mr.  J.  H.  Riches 

Cambridge 

„    21, 

y« 

— 

787 

Baron  J.  UexkuU      . 

Prussia    . 

,.     22. 

tt 

June  28,    „ 

788 

Mr.  B.  Bice 

Harvard  College 

»     23, 

»t 

May  12,    .. 

789 

Dr.  M.  Golenkin 

Russia      . 

„    23, 

tt 

June  26,    „ 

790 

Cand.  P.  Ehrmann     . 

Saxony    . 

n     27, 

*• 

May  14,    „ 

791 

Mr.  H.  Vernon  . 

Oxford     . 

,.    29, 

tt 

792 

Dr.  J.  F.  Heymans    . 

Belgium  . 

Apr.    4, 

♦t 

tt    10,    „ 

793 

Dr.  A.  Borgert  . 

Hamburg 

M     12. 

•t 

— 

794 

Dr.  L.  Mtirbach 

Smithsonian  Institu- 

»    25. 

tr 

June  23,    „ 

795 

Dr.  C.  Crety 

tion 
Italy 

May    6. 

tt 

May  16,    „ 

796 

Prof.  S.  Ap&thy 

Hungary  . 

„    11, 

tt 

— 

797 

Prof.  C.  W.  Hargitt  . 

Amer.  *  Davis  *  Table 

.•     19, 

t* 

—           1 

798 

Dr.  G.  Valenza  . 

Italy 

„     29, 

»» 

—           1 

799 

Dr.  T.  List 

Hesse 

„     30, 

t* 

—           1 

800 

Stud.  G.  Taglianl       . 

Italy 

June  1. 

tt 

1           —           1 

801 

Dr.  C.  Child      . 

Harvard  College 

»      4, 

t« 

— 

802 

Dr.  C.  C.  Schneider  . 

Saxony    . 

„     12. 

It 

—           ' 

803 

1 

Dr.  E.  Giacomini 

Italy 

,,    21, 

1* 

1 

111.— A  List  of  Papers  which  have  been  published  in  the  year  1893  by  the 
Naturalists  who  have  occupied  Tables  at  the  Zoological  Station. 

R.  von  Erlanger  .    Beitrage  zor  Kenntniss  des  Banes  nnd  der  Entwickelnng 

einiger  mariner  Frosobranchier.   *  Zool.  Anzeiger/  189:-i. 

C.  Herbst  Ueber    die    kiinstlicbe    Hervorrufung    von    Dottermem- 

hranen  an  nnbefrucbteten  Seeigeleiem.  nebst  einigeii 
Bemerkungen    ilber  die  Dotterhautbildung  iiberhaupt. 
*  Biol.  Centralblatt,'  1893. 
M  ...    Experimentelle  Untersitchungen  iiber  den  Einfluss  der 

veninderten  chemischen  Znsammensetzung  des  umge- 
beoden  Mediums  anf  die  Entwickelnng  der  Thiere. 
II.  Theil.    Weiteres   iiber   die    morphol.    Wirkung    d  r 
Lithlumsalze  und  ihre  theoretische  Bedeutung.   *  Mittb. 
Zool.  Station  Neapel,'  11.    B..  1893. 

A.  Pasquale     .  Vergleichende     Untersuchungen     iiber     Streptokokken. 

'  Keitrage  zur  pathol.  Anatoraie  u.  allg.  Patholog^e/ 
12.  B.,  1893. 

A.  Willey  .        .        .    Studies  on  the  Protochordata.    I.  On  the  origin  of  the 

branchial     stigmata,  prasoral    lobe,   endostyle.  atrial 
cavities,  etc..  in    Ciona  intest..  etc.      'Quart.  Journ. 
Micr.  Sc..'  vol.  34.  1893. 
„  ...    Studies  on  the  Protochordata.    II.  Development  of  the 

Neurohypophysical    System     in    Ciona    intest.    and 
Olavellina  leptdiformis.  etc.    Ibid.,  vol.  35.  1893. 

S.  Bonaduoe    .        .        .     Ueber  die  Beziehungen  des  Blutserums  von  Thieren  zur 
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A. 

tt            •              •              • 

w 

Krone 

A. 

Goette 

G. 

lilazzarelli   . 

i»           • 

G. 

Cano   . 

»i       •        •        • 

H. 

Driesch 
»» 

A.  Kreidl 


P.  Knoll  . 


G.  Anlipa 

G.  Miiller 

II.  Heymons    . 

G.  Field 

K.  Zimmermnnn 

y.  S.  Monticclli 

A.  Newstead 
C.  Crety . 
G.  Jatta  . 
G.  von  Koch 
v.  Carazzi 


natiirHchen  Ixnxnanit&t.    *  Beitr.  ztir  pathol.  Anatomie 

u.  aUg.  Pathologic,'  12.  B..  1893. 
' Sulla  connessione  dello  stomaco  ed  il  circolo  delle  lacnne 

sangnigne     aburali     nelle     Ophiothrichidas.'       'Zool. 

Anzeiger/  1893. 
Specie  di  Echinodermi  pooo  conosciuti  e  nnovi  viventi 

nel  Golfo  di  Napoli.*    •  Atti  K.  Accad.  Sc.  Fis.  e  Mat. 

Napoli/vol.  6,  181)8. 
Bemerkungen    iiber    Infection,  Immunitat   u.    Hcilung. 

'  Beitrage  zur  pathol.  Anatomie  u.  allg.  Pathologic,*  12. 

B..  1893. 
Vergl.    Entwick.-Geschichte    von     Pelagia    noctilaca. 

<Zeitschr.  f.  wiss.  Zoologie/  55.  B.,  1893. 
Monografia  delle  Aplysiidas  del  Golfo  di  Napoli.    'Soc. 

Ital.  di  Sc.*,  vol.  9,  No.  4,  1893. 
Bicerche  sulie  Pettidae  del  Golfo  di  Napoli.    'Atti  R. 

Accad.  Sc.  Fis.  e  Mat.  Napoli/  vol.  6. 1893. 
Sviluppo  e  Morfologia  degli  Oxyrhynchi.     *  Mitth.  Zool. 

Station  Ncapel,*  10.  B.,  1893. 
Dorippe.  Studio  morfologico.    *  Atti  U.  Ace.  Sc.  Fis.  e 

Mat.  Napoli,*  vol.  6,  18i<3. 
Zur  Verlagerung   der  Blastomcreu  dcs   Echinideneiss. 

*  Anat.  Anzeiger,*  8.  Jgg.,  1893. 
EntwickeluDgsuiechanische  Studien.      VII.  Exogastnila 

u.  Anenteria.    VIII.  Ueber  Vaiiation  der  Mikromeren- 

bildung.    IX.  Ueber  die  Vertret  barkeit  von  Ectodenn 

u.   Entoderm.      X.  Ueber  einige  allg.  eiit  wickelungs- 

mechanische  Ergebnisse.  *  Mitth.  Zoul.  Station  NeapeV 

11.  B.,  1893. 
Wei  t  ere   Beitrage    zur    Pliysiologie  dcs  Ohrlabyrinthes. 

I.  Mitth.  Vei-suche  an  Fischen.       ♦Miz.-Ber.   Wiener 

Akad.',  Abth.  III.,  101.  B  ,  1893.     II.  Miith.  Versuche 

Jin  Krebsen.     Jbid.,  102.  B.,  1893. 
Zur   Lehre  von  den   Structur  u.  Zuckungsverschieden- 

hciten    der     Muskelfasern.      I.  Zuckungsnerven     von 

Schliessmaskelnder  Lainellibranchiaten.  /Wif.,  101.  B.^ 

1893. 
Ueber  die  Heizthatigkeit  hei  einigen  Evcrtebraten  u.  deren 

BceinflussungdurchdicTemperatur.  Jbid.,l{)2.  B.,  1893. 
Eine  neue  Stauromeduse.    Capria  Sturdzii.    *  Mitth.  Zool. 

Station  Neapel,*  10.  B.,  1893. 
Ueber  Lebenswei^e  u.  Entwickelungsgeschichte  der  Ostra- 

coden.  SSitz.-Ber.k.Preuss.  Akad.  Wiss.  Bcrlin,'23.B.,1893. 
Zuc  Entw.-Geschiclitc  von  Umbrella  meditcrjanea.    *Zeit- 

schr.  f.  Wiss.  Zool.,'  r,G.  B.,  1893. 
Echinoderm  Spermatogenesis.    *  Anat.  Anzeiger,*  8.  Jgg.» 

1893. 
Stndien  iiber  Pigmentzellen.    1.  Ueber  die  Anonlnung  des 

Archiplasmas  in  den  Pigmentzellen  der  Knochentische. 

*  Archiv  f.  mikr.  Anat.,'  41.  B.,  1893. 
('otylogaster  Michaelis.     ♦  Fcsthchrift  Leuckart.,*  1893. 

ht  udii  sui  Trematodi  endopara-ssiti.     '  Zool.  Jahrb.,*  Sup- 

plementheft  111.,  1893. 
On  the  perivisceral  cavity  of  Ciona.   *  Quart.  Journ.  Micr. 

Sc.,'vol.  85,  1893. 
Intomo  alia  stnittura  delb  ova  delle  Oloturie.     •  Boll. 

Zool.  ed  Anatom.,  Univers.  Torino,*  v.  8,  1893. 
Sopra  1'  organo  dell'  imbuto  nei  Cefalopodi.     *  BoU.  Soc. 

Nat.  Napoli,'  vol.  7,  1893. 
Photographische  Abbildungen  von  lebcnden  Secthieren. 

*  Mitth.  Zool,  Station  Neapel,'  11.  B.,  1893. 
Revisione  del  genere  Polydora  e  cenni  su  due  specie  che 

vivono  snlle  striche.     •  Mitth.  Zool.  Statiob  Neapel,'  11. 
B.,  1893. 
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A.  OsiroaraolT         .        .     Studien  zur  Fhylogenie  der  uusaeren  Genitalien  bei  Wir- 

belthieren.    I.  Theil.     Jbul. 
A.  Hansen       .        .        .    Ueber  StofTbildnng  bei  den  Meeresalgen.     Ibid, 
M.  Bedot        •  .    Revision  de  la  famille  des  Forskalidae.    *  Revae  SuisFe  de 

ZooL;  t.  1,  1893. 
J.  SchafTer  •  •        •        •    Ueber  den  feinercn  Ban  dor  Thymus  u.  deren  Beziehnngen 

zur  Blutbildung.    *  Sitz.-Ber.  Wiener  Akad./  III.  Abth., 

102.  B.,  1893. 
R.  He^so         •        •        •    Beltrilge    zur  Eenntniss  dcs  Baues  der  Euchytraeiden. 

•  Zeitschr.  wiss.  Zoologie,'  57.  B.,  1893. 
V.  Faussck     .        •        •    Ueber  den  sog.  weissen  Korper,  sowie  uber  die  embryonale 

Entwickelung  desselben,  der  Cerebralganglien  und  des 

Knorpels  bei  Cephalopoden.    *  M6m.  Acad.  8t.-P4ters- 

bonrg/  t.  41,  1893. 
r.  Klcmm        .        ...    Ueber  Caulerpa  prolifem,  ein  Beitrag  zur  Erforsch.  der 

Form  und  Hichtkriifte  in  Pflanzen.     *  Flora,  oder  allg^ 

botan.  Zeitung;  Heft  5,  1893. 
J.  Ton  Ucxkiill        .  Ueber  paradoxc  Zucknng.    *  Zeitschr.  f.  Biologie.,*  30.  B,, 

1893. 
„  .        .    Physiolog.  Untersuchungen  an  Eledone  moschata.    II.  Die 

Refloxe  des  Armea.     Ibid. 
F.  Ruhmann   .        .        .    Ueber  den  Stoffamsatz  in  dem  tliiitigen  electrischen  Organ 

des  Zitterrochen,  etc.     *  Arch.  Anat.  Physiol.,'  Pliys. 

Abth.,  1893. 

lite  Zoology  of  the  Sandwich  Islands. — Fourth  Report  of  the 
Committee^  consisting  of  Professor  A.  Newton  ( Chairman),  Dr, 
W.  T.  Blanford,  Dr.  S.  J.  Hickson,  Professor  C.  V.  Eiley,  Mr. 
D.  Salvin,  Dr.  P.  li.  Sclater,  Mr.  E.  A.  Smith,  and  Mr.  D. 
Sharp  (Sexreiary). 

The  Committee  were  reappointed  to  continue  their  report  on  the 
present  state  of  our  knowledge  of  the  zoology  of  the  Sandwich  Islands 
and  to  take  steps  to  investigate  ascertained  deficiencies  in  the  fauna, 
with  power  to  co-operate  with  the  committee  appointed  for  the  purpose 
by  the  Boyal  Society,  and  to  avail  themselves  of  such  assistance  as  may 
be  offered  by  the  Hawaiian  Government. 

During  the  past  year  your  Committee  have  been  harmoniously  co- 
operating with  that  appointed  by  the  Royal  Society,  and  Mr.  Perkins's 
labours  in  the  islands  have  been  satisfactorily  continued.  Since  your  Com- 
mittee last  reported  Mr.  Perkins  has  been  diligently  exploring  in  succession 
Molokai,  Lanai,  and  Maui,  from  the  first  two  of  which  very  considerable 
collections  in  almost  all  branches  of  the  terrestrial  fauna  have  already 
been  received,  while  one  is  shortly  expected  from  the  third.  By  the  last 
accounts  he  was  about  to  proceed  to  Kauai. 

Although  far  from  having  completed  the  zoological  exploration  of  the 
archipelago,  the  Committee  have  thought  it  best  that  Mr.  Perkins  should 
return  home  in  the  course  of  the  autumn,  and  have  instructed  him  accord- 
ingly. They  hope  to  obtain  his  assistance,  in  conjunction  with  that  of 
other  competent  zoologists,  towards  working  out  his  extensive  collections, 
the  value  of  which  it  is  difficult  to  over-estimate,  since  evidence  of  the 
growing  scarcity  of  many,  and  of  the  extinction  of  not  a  few  members  of 
the  endemic  fauna  becomes  stronger  the  more  the  subject  is  investigated. 

In  view  of  making  arrangements  necessary  for  this  purpose  your  Com- 
mittee request  that  they  may  be  reappointed,  with  the  same  powers  as  before, 
but  they  d»  'lot  ask  on  the  present  occasion  for  any  grant  of  money. 
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The  Present  State  of  our  Knowledge  of  tlie  Zoology  and  Botany  of 
the  West  India  Islands^  and  on  taking  Steps  to  Investigate 
ascertained  Deficiencies  in  the  Fauna  and  Flora, — Seventh  Report 
of  the  Committee^  consisting  of  Dr.  P.  L.  Sclater  {Chairman), 
Mr.  George  Murray  (Secretary),  Mr.  W.  Carruthers,  Dr. 
A.  C.  L.  G.  GCnther,  Dr.  D.  Sharp,  Mr.  F.  DuCane  Godman, 
and  Professor  A.  Newton. 

This  Committee  was  appointed  in  1887,  and  it  has  beea  reappointed  each 
year  until  the  present  time. 

The  Committee  have  to  report  satisfactory  progress  in  obtaining 
reports  on  the  collections  made  by  the  Committee's  collectors,  and  this 
task  of  working  out  the  results  has  engaged  their  exclusive  attention  during 
the  year.  The  following  reports  have  been  published  (or  are  complete  and 
ready  for  publication)  since  the  last  annual  report : — 

1.  Report  on  the  parasitic  Hymenoptera  of  St.  Vincent  by  Messrs. 
Riley,  Ashmead,  and  Howard  (Linnean  Society).  The  corresponding 
group  from  Grenada  has  been  sent  to  these  authors. 

2.  Report  on  the  Hemiptera  of  St.  Vincent  by  Dr.  Uhler  (Zoological 
Society). 

3.  Report  on  the  Ants  of  St.  Vincent  by  Professor  Forel  (Entomo- 
logical Society). 

4.  Part  III.  dealing  with  the  Diplopoda  and  Protoacheata  of  Mr. 
Pocock's  report  (Linnean  Society),  with  a  supplement  on  the  Pedipalpi. 

5.  Report  on  the  Trichopterygidae  and  Corylophidte  by  the  Rev.  M. 
Matthews  (Annals  and  Magazine  of  Natural  History). 

6.  Report  on  the  Attidae  of  St.  Vincent  by  Mr.  Feckham  (Zoological 
Society). 

7.  Report  on  the  Diptera  of  St.  Vincent  by  Professors  Williston  and 
Aldrich  (linnean  Society). 

8.  Report  on  the  Hepatic«;  of  St.  Vincent  and  Dominica  by  Richard 
Spruce  (Linnean  Society). 

9.  Report  on  the  Freshwater  Algse  (including  those  of  the  boiling  lake 
of  Dominica)  by  Mr.  William  West  (Linnean  Society). 

10.  Report  on  the  Spiders  of  St.  Vincent,  Part  II.,  by  M.  Simon 
(Zoological  Society). 

The  report  on  the  Musci  has  been  completed  by  Mr.  Gepp,  and  will 
be  presented  to  the  linnean  Society.  The  Marine  Alge  have  been 
named  by  Mr.  George  Murray,  who  does  not  consider  the  result  worth 
separate  publication,  and  the  lichenes  (the  only  remaining  group  of 
plants)  are  in  the  hands  of  Professor  Wainio  for  determination.  The 
large  collection  of  Coleoptera  from  St.  Vincent  and  Grenada,  numbering 
27,980  specimens,  has  been  arranged  by  Messrs.  Sharp  and  Gaiian,  and  its 
treatment  will  receive  the  Committee's  immediate  attention. 

The  Committee  recommend  their  reappointment,  with  the  following 
members  : — Dr.  Sclater  (Chairman),  Mr.  George  Murray  (Secretary),  Mr. 
Carruthers,  Professor  Newton,  Mr.  Godman,  Dr.  Giinther,  and  Dr.  Sharp. 
They  also  recommend  that  a  grant  of  200Z.  be  placed  at  their  disposal  to 
enable  them  to  continue  their  work  and  to  adequately  provide  for  the 
exploration  of  Margarita. 
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Investigations  made  at  the  Laboratory  oftJie  Marine  Biological  Associa- 
tion at  Plymouth. — Report  of  the  Committee,  consisting  of  Prof easor 
E.  Ray  Lankestbr  (Chairman)^  Professor  M.  Foster,  Professor 
S.  H.  Vines,  and  Mr.  G.  C.  Bourne  {Seai-etary). 

On  the  Development  of  AUyonium.    By  Dr.  8.  J.  Hickson. 

On  the  Later  Stagee  in  the  Development  «f  Decapod  CruHtieea.  By  Sdqab  J.  Allrn. 

The  Committee  were  appointed  for  the  purpose  of  enabling  Dr.  S.  J. 
Hickson  to  investigate  the  development  of  Alcyonium  at  the  Laboratory 
of  the  Marine  Biological  Association,  Plymouth. 

The  Committee  have  received  the  following  report  from  Dr.  Hickson,  and 
a  supplementary  report  from  Mr.  Edgar  J.  Allen,  who  occupied  the  table 
during  June  and  July  1893  : — 

On  the  Development  of  Alcyonium.     By  Dr.  S.  J.  Hickson,  M.A. 

On  my  arrival  at  Plymouth  early  in  the  month  of  December  last  I 
experienced  a  great  difficulty  in  obtaining  a  sufficient  quantity  of  material, 
in  consequence  of  the  severe  storms  then  raging.  The  few  specimens  of 
Alcyonium  I  obtained  contained  large  quantities  of  ripe  ova  or  sacs  con- 
taining ripe  spermatozoa.  They  spawned  freely  in  the  tanks  of  the 
aquarium,  but  I  was  not  successful  in  fertilising  the  ova  artificially,  as  the 
water  of  the  tanks  affected  injuriously  the  spermatozoa.  I  succeeded, 
however,  in  obtaining  a  few  young  embryos  by  keeping  the  specimens  in 
fresh  sea-water  in  buckets.  Soon  after  Christmas  the  sea  became  calmer 
and  I  obtained  plenty  of  colonies,  but  they  were  nearly  all  spent  and 
useless  for  my  investigations. 

The  results  I  have  obtained  confirm  those  of  Kowalewsky.  I  can  find 
no  trace  of  any  karyokinetic  division  of  the  first  segmentation  nucleus, 
although  these  figures  can  be  easily  demonstrated  in  the  later  stages. 
While  I  was  waiting  for  sufficient  material  to  study  the  embryology  of 
Alcyonium,  I  devoted  a  considerable  amount  of  time  to  a  study  of  the 
minute  anatomy  and  physiology  of  the  genus.  A  full  account  of  these 
investigations  will  appear  in  a  paper  now  nearly  ready  for  publication. 

Researches  on  the  Later  Stages  in  the  Development  of  Decapod  Crustacea. 
By  Edgar  J.  Allen,  B.Sc,  London. 

My  attention  during  the  months,  June  and  July  1S93,  when  I  occu- 
pied the  Association  table,  was  devoted  chiefly  to  the  study  of  the 
nervous  system.  After  repeated  trials  on  a  number  of  decapod  embryos 
and  larvae,  a  satisfactory  subject  for  research  was  found  in  the  embryonic 
lobster,  many  of  the  nerve  elements  of  which  stain  excellently  in  dilute 
solutions  of  methylene  blue.  My  observations,  after  being  continued  and 
extended,  were  published  in  a  preliminary  paper  read  before  the  Royal 
Society  in  April  1894,  whilst  a  fully  illustrated  account  will  shortly 
appear  in  the  *  Quarterly  Journal  of  Microscopical  Science.' 

The  following  nerve-elements  are  amongst  the  most  important  of 
those  which  I  was  able  to  demonstrate  during  the  time  which  I  occupied 
the  Association  table  : — 

(1)  Elements  starting  from  a  cell  in  one  ganglion  of  the  thorax  and 
giving  off  a  fibre,  which,  after  sending  numerous  arborescent  branches  to 
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the  neuropile  of  that  ganglion,  ends  in  a  small  tuft  of  fine  branches  in  the 
next  ganglion  behind. 

(2)  Elements  starting  from  a  cell  in  one  ganglion  of  the  thorax, 
giving  off  a  fibre  which  sends  out  lateral  arborescent  branches  in  the 
ganglion,  passes  forwards  to  the  next  ganglion,  where  it  gives  off  a  small 
tuft  of  branches,  and  finally  ends  in  a  tuft  of  branches  in  the  ganglion 
next  but  one  in  front  of  that  in  which  the  cell  lay. 

The  terminal  tuft  of  each  element  lies  close  to  the  lateral  tuft  of  the 
corresponding  element  of  the  next  ganglion,  and  opposite  the  terminal 
tuft  of  the  elements  of  Group  1. 

(3)  Elements  starting  from  a  cell  in  a  ganglion  giving  off  a  fibre, 
which  passes  through  one  of  the  lateral  nerves  and  finally  breaks  up  upon 
a  muscle. 

Tlie  Influeiice  of  Previous  Fertilisation  of  tlie  Female  oil  Jier  Stthseqtient 
Offsping^  and  the  Effect  of  Matei*fial  Impressions  during  Pregnancy 
on  the  Offsping. — Interim  Report  of  the  Committee^  consistin^f  of 
Dr.  A.  RussEL  Wallace  (Chairman),  Dr.  James  Clark  (Secre- 
tarif),  Dr.  G.  J.  Romanes,  Professor  S.  J.  Hickson,  Professor  E.  A. 
SchAfer,  a7ul  Dr.  J.  N.  Langley.     (Drawn  up  by  the  Secretary) . 

The  members  of  this  Committee  wish  to  express  their  deep  sense  of  the 
irreparable  loss  they  have  sustained  in  the  death  of  Dr.  Romanes,  whose 
previous  experience  in  this  difficult  field  of  inquiry  rendered  his  judg- 
ment and  advice  invaluable. 

During  the  past  year  the  efforts  of  the  Committee  have  been  mainly 
directed  to  collecting  facts  and  statistics  relating  to  Telegony.  In  this 
they  have  received  considerable  assistance  from  the  principal  agricultural 
clubs  in  the  country,  and  have  been  offered  assistance  by  several  societies 
in  France,  Switzerland,  Germany,  and  America.  Twenty-five  preliminaiy 
reports  have  also  been  received  from  veterinary  surgeons  in  Scotland  and 
the  North  of  England.  •  In  all  over  900  letters  and  reports  have  been 
received.  The  majority,  however,  are  too  vague  to  be  of  any  service,  and 
many  correspondents  send  generalisations  '  based  on  person^  observation 
and  experience,'  instead  of  recording  facts.  In  the  description  of  actual 
cases,  too,  the  data  supplied  are  generally  too  meagre.  On  account  of  the 
difficulty  of  obtaining  reliable  and  sufficient  data,  the  Committee  consider 
it  advisable  to  defer  the  publication  of  the  collected  facts  until  the  im- 
portant points  connected  with  each  can  be  verified  or  corroborated. 

An  examination  of  the  pedigree  cattle  and  of  the  stud-books  and  prize- 
bred  horses  of  Yorkshire  is  also  in  progress,  and  will,  it  is  hoped,  be 
completed  in  the  course  of  a  few  months. 

The  belief  in  Telegony  among  breeders  and  fanciers  is  very  widely 
spread.  The  general  consensus  of  opinion  among  our  correspondents  is 
that  it  frequently  occurs  in  cats,  occasionally  in  dogs  and  horses,  rarely  in 
birds,  and  almost  never  in  cattle  and  sheep.  The  majority  of  the  writers 
further  insist  that  it  is  the  first  fertilisation  only  that  has  any  effect 
upon  subsequent  offspring  by  a  different  male. 

On  account  of  the  amount  of  work  that  still  remains  to  be  done,  the 
Committee  respectfully  request  that  they  may  be  re-appointed  for  another 
year. 
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Index  Generum  et  Specierum  Animalium. — liepwt  of  a  Committee^  con- 
suiting  of  Sir  W.  H.  Plo^'ER  (Chairman),  Dr.  P.  L.  Sclater, 
Dr.  H.  Woodward,  and  Mr.  W.  L.  Sclater  (Secretary), 

Thb  proposed  'Index  Generum  et  Specierum  Animalium'  is  being 
compiled  by  Mr.  C.  Davies  Sherbom,  at  the  British  Museum  (Natural 
History). 

The  work  on  this  index,  which  includes  all  animals,  whether  recent  or 
fossil,  has  proceeded  steadily  since  June  1890. 

The  manuscript  now  consists  of  180,000  slips,  representing  90,000 
species  and  genera  recorded  in  duplicate. 

One  set  is  sorted  under  genera  for  the  convenience  of  students  and  the 
other  set  is  kept  under  '  books,'  so  that  it  is  possible  at  any  moment  to 
obtain  a  complete  list  of  every  genus  and  species  described  in  a  particular 
volume. 

As  the  work  proceeds  much  valuable  information  as  to  the  dates  of 
books  is  obtained,  and  this  if  sufficiently  important  is  published :  e,g.y 
Sowerby,  '  Genera  of  Shells,'  see '  Annals  and  Mag.,'  April  1894  ;  Schreber^ 
'  Siiugthiere,' see  *  Proc.  Zool.  Soc.,' Jan.  1892;  'Encyclop.  M^thodique,' 
see  *Proc.  Zool.  Soc.,'  June  1893. 

The  small  grant  of  201,  made  by  the  British  Association  in  1892  is 
the  only  financial  help  yet  received  towards  the  work,  and  has  been  ex- 
pended upon  paper.  The  Committee  therefore  ask  for  a  new  grant  of  50^. 
toward  a  work  which  daily  increases  in  importance  and  usefulness. 


The  Tjegislaiive  Protection  of  Wild  Birds'  Eggs. — Report  of  the  Com- 
mittee, consisting  of  Sir  John  Lubbock,  Bart.,  F,R.S,  (Chairman)^ 
Professor  Alfred  Newton,  F.R.S.,  Rev.  Canon  Tristram,  F.R.S., 
Mr.  John  Cordeaux,  Mr.  W.  H.  Hudson,  Mr.  Howard 
Saunders,  Mr.  Thomas  H.  Thomas,  Dr.  C.  T.  Vachell,  and  Mr. 
H.  E.  Dresser  (Secretary),     (Brawn  nj)  hy  the  Secretary). 

Your  Committee  bog  leave  to  report  that  in  the  early  portion  of  the  pre- 
sent Parliamentary  Session  a  fresh  Bill  to  amend  the  Wild  Birds  Protec- 
tion Act,  1880,  was  brought  into  the  House  of  Commons  by  Sir  Herbert 
Maxwell,  Bart.,  M.P.,  and  others,  which  Bill  was  on  April  3  ordered  by 
the  House  to  be  printed. 

Your  Committee  had  already  been  in  communication  with  Sir  Herbert 
Maxwell  on  the  subject,  and  it  was  arranged  to  hold  a  meeting  to  discuss 
the  clauses  of  this  Bill,  and  a  meeting  was  accordingly  held  on  April  6, 
at  which  Sir  Herbert  Maxwell  attended.  The  present  Bill  diiTers  from 
that  brought  in  by  Sir  Herbert  Maxwell  last  Session  (1893),  in  prohibiting 
the  taking  of  the  eggs  of  any  specified  kind  within  the  limits  of  the 
country,  or  part  or  parts  thereof,  or  else  the  taking  of  the  eggs  of  any 
species  within  a  certain  stated  area  ;  it  being  left  in  the  hands  of  the 
County  Council  to  adopt  either  alternative.  After  some  discussion  it  was 
decided  by  your  Committee  to  approve  the  draft  Bill  as  prepared  by  Sir 
Herbert  Maxwell.  This  Bill  has  since  passed  through  both  Houses  with 
but  slight  opposition,  and  has  now  come  into  force. 
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Migration  of  Birds. — Interim  Report  of  a  Committee^  consutiin(f  (f 
Professor  A.  Newton  (Chairman),  Mr.  John  Cordeaux  (Secretary), 
Messrs.  R.  M.  Harrington,  J.  A.  Harvie-Brown,  W.  Eagle 
Clarke,  and  the  Rev.  E.  P.  Knubley,  appointed  for  the  purpose 
of  TfioJdn^  a  Digest  of  the  Ohservations  on  tlis  Migration  of  Birds 
at  Lighthouses  and  Light-^esseh. 

The  Committee  have  to  report  that  the  systematic  tabulation  of  the  various 
items  in  the  schedules  has  at  length  been  completed  by  one  of  their 
number — Mr.  W.  Eagle  Clarke — and  that  they  are  now  prepared  to 
approach  the  subject  of  the  final  report,  which  it  \b  hoped  will  be  ready 
for  presentation  at  the  meeting  of  the  Association  in  1895  or,  at  the  latest, 
at  the  meeting  in  1896. 

The  Committee  trust  that  the  Association  will  reappoint  them   as 
before. 


'Hie  ClimatologicaX  and  Hydrographical  Conditions  of  Tropical  Africa, — 
Third  Report  of  a  Committee  consisting  of  Mr.  E.  G.  Ravenstein 
(Chairman),  Mr.  Baldwin  Latham,  Mr.  G.  J.  Symons,  and  Dr. 
H.  R.  Mill  (Secretary).     (Drawn  up  by  Mr.  E.  G.  Ravenstein.) 

YouB  Committee,  up  to  the  end  of  July  last,  had  issued  five  sets  of 
meteorological  instruments  at  a  cost,  including  forms,  carriage,  &c.,  exceed- 
ing 100^.  The  first  of  these  sets  was  entrusted  to  Mr.  J.  W.  Moir  (British 
Central  Africa),  the  second  to  Mr.  Buchanan  (British  Central  Africa), 
the  third  to  Captain  Gallwey  (Warri,  Benin),  the  fourth  to  the  Rev.  C. 
Bonzon  (Lambarene  on  the  Ogowe),  and  the  fifth  to  the  Rev.  R.  Olennie 
(Bolobo,  Congo).     A  sixth  set  is  kept  in  reserve  for  British  East  Africa. 

Two  of  these  sets,  namely,  those  in  the  hands  of  Mr.  Buchanan  and 
Mr.  Glennie,  include  Fortin  barometers,  whilst  that  granted  to  Captain 
Gallwey  includes  a  black  bulb  thermometer. 

Observations  up  to  the  latest  possible  date  have  been  received  from 
Mr.  Glennie,  Mr.  Bonzon,  and  Dr.  Roth  as  representing  Captain  Gallwey. 

Instructions  have  been  issued  to  the  officials  of  the  Royal  Niger 
Company  to  make  their  observations  in  future  in  accordance  with  the 
rules  laid  down  by  your  Committee,  and  the  like  step  is  contemplated  by 
the  British  East  Africa  Company. 

Summaries  of  meteorological  returns  are  appended  to  this  report. 
Your  Committee  are  quite  aware  that  these  observations  are  not  in  every 
instance  as  complete  and  trustworthy  as  could  be  desired.  In  some  cases 
the  hours  of  observation  are  ill  chosen  (a  very  common  occurrence),  in 
others  the  instruments  are  defective  or  the  corrections  to  be  applied  to  the 
readings  are  unknown.  If  they  are  published  notwithstanding,  it  is  done 
because  they  refer  to  localities  concerning  which  nothing  or  very  little  is 
known  at  the  present  time. 

Quite  a  number  of  meteorological  records  offered  to  the  Committee  for 
publication  have  had  to  be  rejected  as  being  on  the  face  of  them  utterly 
untrustworthy.  It  seems  a  pity  that  so  much  time  and  labour  should 
have  been  wasted  upon  reconiing  observations  which  with  a  little  fore- 
thought and  caution  might  have  furnished  important  information  on  the 
climate  of  Tropical  Africa. 

The  grant  of  5/.  made  to  the  Committee  last  year  was  not  claimed. 
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The  Exploration  of  Hadramout  in  SoidJiem  Arabia. — Report  of  the 
Committee y  consisting  of  Mr.  H.  Seebohm  (Chairman),  Mr.  J. 
Theodore  Bent  {Secretary),  Mr.  E.  G.  Ravenstein,  Dr.  J.  G. 
Garson,  and  Mr.  G.  W.  Bloxam.    (Brawn  up  by  Mr.  Bent.) 

Our  expedition  left  Aden  on  December  15,  1893,  for  MokuUa,  the  sea- 
port from  which  we  were  to  start  inland  for  the  Hadramout  valley.  The 
coast-line  of  this  part  of  Arabia  is  peculiarly  harbourless,  and  the  only 
ports  for  the  Hadramout  valley  are  MokuUa  and  Sheher,  the  former  being 
only  available  during  the  north-east  monsoons,  and  the  latter  being  merely 
an  open  roadstead.  Sheher  was  until  late  years  the  most  flourishing  of 
the  two  places,  but  the  transfer  of  the  suzerainty  over  these  places  to  the 
Al  Kaiti  family  has  resulted  in  Mokulla  becoming  by  far  the  most  thriving 
of  the  two,  and  Sheher  is  gradually  falling  into  ruins. 

Before  describing  the  interior  it  will  be  well  to  explain  the  conditions 
of  political  affairs  in  the  Hadramout  and  the  origin  of  the  Al  Kaiti  family 
which  rules  there.  At  present  this  is  the  most  powerful  family  in  the  dis- 
trict, and  is  reputed  to  be  the  richest  in  Arabia. 

About  five  generations  ago  the  Sayyids  of  the  Aboubekir  family,  at 
that  time  the  chief  Arab  family  in  the  Hadramout,  who  claimed  descent 
from  the  first  of  the  Caliphs,  were  at  variance  with  the  Bedouin  tribes, 
and  in  their  extremity  they  invited  assistance  from  the  chiefs  of  the  Yafi 
tribe,  who  inhabit  the  Yafi  district,  to  the  north-east  of  Aden.     To  this 
request  the  Al  Kaiti  family  responded  by  sending  assistance  to  the  Say- 
yids of  the  Hadramout,  and  putting  down  the  troublesome  Bedouin  tribes, 
and  establishing  a  fair  amount  of  peace  and  prosperity  in  the  countr}> 
though  even  to  this  day  the  Bedouins  of  the  mountains  are  ever  ready  to 
swoop  down  and  harass  the  more  peaceful  inhabitants  of  the  towns.     At 
the  same  time  the  Al  Kaiti  family  established  themselves  in  the  Hadra- 
mout, and  for  the  last  four  generations  have  been  steadily  adding  4£^JJy^ 
power  thus  acquired.     Mokulla,  Sheher,  Shibam,  Haura,  Hagarein,    al 
belong  to  them,  and  they  are  continually  increasing  by  purchase  the  are: 
of  their  influence  in  the  collateral  valleys,  building  substantial  palaces 
and  establishing  one  of  the  most  powerful  dynasties  in  this  much  dividec 
country.  They  get  all  their  money  from  India  and  the  Straits  Settlements,  f o  i 
it  has  been  the  custom  of  the  Hadrami  to  leave  their  own  somewhat  sterile 
country  to  seek  their  fortunes  abroad.     The  Nizam  of  Hyderabad  has  an 
Arab  regiment  composed  entirely  of  Hadrami,  and  the  Sultan  Nawasjuno-^ 
the  present  head  of  the  Al  Kaiti  family,  is  its  general :  he  lives  in  India, 
and  governs  his  Arabian  possessions  by  deputy.     His  son  Ghalib  rules  in^ 
Sheher,  his  nephew  Manassah  rules  in  Mokulla,  and  his  nephew  Salah 
rules  in  Shibam,  and  the  governors  of  the  other  towns  are  mostly  connec* 
tions  of  this  family.     The  power  and  wealth  of  this  family  are  almost  th© 
only  guarantee  for  peace  and  prosperity  in  an  otherwise  lawless  country. 

The  configuration  of  the  country  is  interesting  and  very  peculiar  ;  tRe 
coast-line  all  the  way  from  Mokulla  to  Saihut  is  hopelessly  arid  and  un- 
productive, except  where  hot  springs  come  out  of  the  ground.  That  at 
Ghail  ba  Wazir,  about  twelve  miles  from  Sheher,  is  utilised  for  the  culti- 
vation of  tobacco,  palms,  and  fodder ;  that  at  Al  Hami  is  exceedingly  hot, 
80  hot  that  when  it  rises  the  hand  can  hardly  bear  it  j  that  at  Efts  also 
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fertilises  a  considerable  area,  and  there  are  several  others.  Beyond  these 
natural  streams,  or  ghaUs  as  they  are  called,  the  coast-line  is  both  water- 
less and  featureless,  and  it  is  very  narrow  :  in  most  parts  the  line  of  moun- 
tains begins  to  rise  about  six  miles  from  the  coast,  and  continues  an 
abrupt  and  almost  unbroken  line  all  along  the  coast.  Several  caravan 
roads  penetrate  into  the  interior  up  the  short  valleys,  but  in  every  case  there 
is  a  very  steep  ascent,  exceedingly  arduous  for  camels  and  beasts  of  burden. 
At  an  elevation  of  5,000  feet  there  is  a  plateau  extending  on  all  sides,  as 
far  as  the  eye  can  reach,  divided  by  nature  into  two  storeys,  the  upper  one 
being  about  eighty  feet  higher  than  the  lower,  and  representing  what  is 
left  of  a  higher  surface  gfudually  disappearing  in  the  course  of  ages.  On 
the  upper  storey  vegetation  is  entirely  absent,  and  in  many  places  the 
ground  is  covered  with  black  basaltic  stones  scattered  over  the  surface  as 
if  from  a  gigantic  pepper-pot.  In  the  gullies  of  this  upper  storey  there 
are  considerable  traces  of  vegetation,  and  it  is  here  that  the  myrrh  trees 
and  frankincense  trees  grew  which  once  formed  the  wealth  of  this  district. 
The  subject  of  frankincense  and  myrrh  is  of  course  one  of  the  most  interesting 
in  connection  with  the  Hadramout,  as  this  portion  of  Arabia  was  the  one 
which  supplied  the  ancient  world  with  these  precious  drugs  ;  and  when  one 
considers  how  they  were  anciently  used,  both  for  private  and  religious 
purposes,  one  can  readily  understand  the  commercial  importance  of  these 
commodities.  Claudius  Ptolemy  gives  us  accurate  information  as  to  the 
caravan  routes  by  which  the  drugs  were  conveyed  to  the  Mediterranean 
from  the  country  of  the  Hadramitee,  or  Chatramitse  as  the  Greeks,  from  their 
inability  to  sound  the  initial  H,  called  it.  Pliny  also  affords  us  valuable 
information  on  the  subject,  as  do  also  the  Arabian  geographers  of  the 
earlier  centimes  of  our  era.  From  personal  observation  I  should  say  that 
the  ancients  held  communication  with  the  Hadramout  almost  entirely  by 
the  land  caravan  route,  as  there  are  absolutely  no  traces  of  antiquity  to  be 
found  along  the  arid  coast-line,  whereas  the  interior  valley  and  its  collateral 
branches  are  very  rich  in  remains  of  the  ancient  Himyaritic  civilisation. 
Evidently  the  trees  which  produced  these  drugs  grew  on  the  plateau. 
Myrrh  trees  are  still  very  common  on  it,  and  every  year  Africans  come 
over  from  Somaliland  for  the  purpose  of  collecting  the  sap.  During  our 
wanderings  we  only  once  came  across  a  specimen  of  the  frankincense  tree  : 
it  has  evidently  almost  entirely  disappeared  from  this  locality,  but  is  to  1)e 
still  found  in  abundance,  I  am  told,  further  east,  in  the  country  of  the 
Mahri  tribe. 

It  is  highly  probable  that  the  systematic  destruction  of  the  timber  on 
this  plateau  during  the  course  of  countless  ages  has  much  to  say  to  the 
present  deplorable  condition  of  the  Hadramout  and  its  collateral  valleys. 
These  are  all  being  silted  up  by  sand,  which  invades  them  from  the 
central  desert  on  the  north  and  from  the  plateau  on  the  south.  This 
sand  in  many  instances  is  forty  feet  deep,  and  entirely  covers  the  running 
waters  which  for  the  purposes  of  cultivation  have  to  be  brought  up  by 
wells  and  led  to  the  land  intended  for  cultivation  by  an  elaborate  system 
of  irrigation.  There  are  very  few  running  streams  in  this  district,  and 
every  year  we  were  told  they  are  becoming  fewer,  and  will  undoubtedly 
very  soon  disappear  altogether.  The  inhabitants  of  the  Hadramout 
have  a  hard  struggle  to  maintain  against  this  invasion  of  their  country 
by  a  natural  catastrophe,  and  were  it  not  for  the  custom  of  the  in- 
habitants of  going  abroad  to  seek  their  fortunes,  there  is  no  doubt  that 
long  ago  the  country  would  have  been  abandoned,  and  the  struggle  for 
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euBience  given  up.  The  strong  fanaticism  of  the  inhabitants  and  their 
belief  in  the  sacredness  of  their  country  have  been  another  very  im- 
portant factor  in  perpetuating  its  existence.  Every  man  who  leaves  the 
Hadramout  in  search  of  fortune  hopes  to  return  and  die  in  the  odour  of 
sanctity.  No  woman  ever  leaves  the  country,  and  there  are  cases  on 
record  of  a  wife  being  separated  from  her  husband  for  forty  years. 
On  their  return  the  wanderers  relapse  into  the  same  condition  of 
fanaticism  and  hatred  of  all  external  influence  which  has  obtained  in 
this  country  from  time  immemorial,  and  all  they  have  gained  is  money 
with  which  to  continue  to  live  in  their  own  valley,  and  erect  the  castles 
and  palaces  with  which  the  whole  line  of  the  Hadramout  is  thickly 
studded. 

The  plateau  when  reached  extends,  as  I  have  said,  to  an  apparently 
unlimited  extent  in  eveiy  direction ;  after  one  day's  journey,  however, 
it  will  be  seen  that  valleys  running  northwards  are  cut  out  of  this  flat 
surface  like  slices  out  of  a  cake.     The  principal  valleys  which  run  into 
the  big  central  valley  from  the  south  are  the  Wadi  Al  Isa,  Al   Eyn, 
Dowan,  Rachy,  Adym,  and  Ben  AH  ;  there  are  many  others  which  we  had 
not  the  time  or  opportunity  to  visit.     The  chief  peculiarity  of  these 
valleys  is  that  they  descend  very  rapidly,  and  are  at  their  head  very 
nearly  as  deep  as  during  the  rest  of  their  course.     They  seem  as  if  they 
had  formed  part  of  a  great  inland  flord,  from  which  the  sea  retired  at 
some  remote  period,  leaving  the  successive  marks  of  many  strands  on  the 
sandstone  and  limestone  walls  which  shut  in  these  valleys.     Everywhere 
the  descent  into  them  is  rapid  and  difficult,  and  no  plcu^e  I  have  ever 
seen  in  the  world  can  possibly  be  more  shut  off  and  hemmed  in  by 
natural  features  as  the  broad  main  valley  known  as  the  Hadramout  and 
its  collateral  branches.     The  old  Arabian  story  of  Sinbad  descending 
into  a  deep  valley  on  the  back  of  a  roc  must  have  originated  in  some 
such  country  as  this.     It  is  remarkable  how  the  camels  contrive  to  get 
to  and  fro,  and  frequent  accidents  to  the  animals  take  place  during  the 
ascent  and  descent  from  the  plateau.     As  seen  from  above,  the  aspect  of 
these  long  narrow  valleys  is  exceedingly  curious  ;  the  walls  of  rocks  are 
aknost  precipitous,  about  1,000  feet  in  height.     In  many  places   the 
valleys  are  not  a  mile  wide,  and  present  one  long  unbroken  line  of 
villages,  each  with  its  palm  grove,  its  cultivated  land,  its  big  castles 
and  houses,  and  its  surrounding  hovels  for  the  lower  classes.     Even  the 
Bedouins  have  big  houses  here  and  settled  abodes  when  on  a  journey 
or  pasturing  their  flocks  ;  they  have  no  tents,  and  ai*e  little  better  than 
naked  savages.     But  when  they  return  home  to  their  valley  we  find 
.them  living  in  large  commodious  houses  several  storeys  in  height,  with 
the  antlers  of  antelopes  decorating  them  outside,  and  though  only  built 
of    sun-dried  bricks   their  architecture  reminds  one  of  the   meidiseval 
towns  on  the  Rhine.     In  fact,  if  one  could  substitute  a  flat  surface  of 
sand  covering  the  river  bed  and  place  almost  treeless  mountains  on  either 
side  one  might  well  compare  these  valleys  to  those  of  Germany.     The 
town  of  Hagarein  is  built  on  an  isolated  hill  in  the  middle  of  the 
Wadi   Kasr,  with  its  walls  and  battlements,   its   turrets  and   machi- 
colations :  it  looks  at  a  distance  exactly  like  one  of  the  fortified  medieval 
towns  of  Europe. 

In  most  cases  the  narrower  valleys  are  the  most  fertile,  the  water 
supply  is  far  better  than  it  is  in  the  main  valley,  for  at  the  head  of  the 
main  valley  are  the  salt  hills  of  the  Shabwa  district,  from  which,  as  in 
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the  days  of  Makrisi,  the  Bedouins  bring  caravans  of  salt :  this  impreg- 
nates ^e  water  of  the  main  valley  with  strong  alkaline  deposits,  and  the 
water  from  the  wells,  especially  in  the  centre  of  the  valley,  is  very  dis- 
agreeable. This,  however,  is  not  the  case  in  the  narrower  valleys,  and 
from  the  Wadi  Adym,  the  Wadi  Al  Eyn  and  Dowan,  come  tJie  best 
dates  and  the  best  honey,  which  form  two  of  the  principal  productions  of 
the  country. 

In  many  places  the  main  valley  of  the  Hadramout  is  very  wide — even 
near  Shibam  it  is  three  miles  wide,  and  where  it  is  entered  by  the  collateral 
branches  considerably  more.  We  were  only  able  to  trace  its  course  as 
far  as  Terim,  but  beyond  that,  as  it  slopes  towards  the  sea  of  Saihut,  I 
have  reason  to  believe  it  assumes  magnificent  proportions,  but  owing  to 
the  hostilitv  of  the  tribes  in  that  direction  we  were  unable  to  proceed,  as 
we  had  wished,  along  the  whole  length  of  it ;  and  even  the  Arabs,  under 
the  rule  of  the  Al  Kaiti  family,  are  themselves  ignorant  of  this  route, 
always  going  down  to  the  sea  by  the  plateau  roads,  as  the  long  valley 
road  is  unsafe  for  caravans. 

Our  investigations  were  principally  confined  to  the  main  valley  and 
its  arteries,  ^e  Sultan  of  Shibam  hospitably  entertained  us  in  his 
palace  at  Al  Elatan  for  three  weeks,  from  which  point  we  were  able  to 
visit  a  large  number  of  the  places  of  interest  in  the  vicinity.  At  £1  Meshed 
we  visited  the  ruins  of  a  very  large  town  at  the  mouth  of  the  Wadi 
Dowan,  and  brought  home  several  inscriptions  therefrom.  Also  at  two 
or  three  other  spots  near  Shibam  we  got  inscriptions  ;  but  the  expedition 
which  most  repaid  us  was  that  up  the  Wadi  Ser  to  the  north  of  the  main 
valley,  by  which  we  were  able  to  determine  the  position  of  the  great 
central  desert  at  this  point,  and  also,  from  inscriptions,  one  of  the  old 
caravan  roads  which  led  northwards  from  the  frankincense  country.  Ta 
this  valley  too  we  visited  the  Kabr  Salah,  one  of  the  tombs  held  sacred 
by  the  Bedouins,  and  particularly  watched  over  by  them  as  distinct  from 
the  Arab  shrines  :  it  is  a  long  tomb  forty  feet  in  length,  and  is  one  of  many 
tombs  popularly  supposed  by  the  Bedouins  to  belong  to  a  race  of  giants 
which  aro  to  be  found  at  several  points  in  the  Hadramout.  Thero  is  no 
question  about  it  that  the  Bedouins  represent  an  older  civilisation  and 
practise  an  older  cult  than  the  Arabs  in  this  district.  The  Sayyids  and 
Sherifs  of  the  Arab  population  look  down  on  the  Bedou,  referring  to  them 
as  heathen  who  only  outwardly  conform  to  the  laws  of  Mohammedanism 
when  absolutely  compelled. 

The  inscriptions  and  archseological  results  of  our  Hadramout  expedition 
are  now  in  the  hands  of  the  great  Himyaritic  scholar.  Dr.  D.  H.  Miiller, 
of  Vienna,  and  I  have  confident  hopes  Uiat  he  will  be  able  to  produce  for 
us  some  interesting  results. 

The  map  of  our  expedition  and  a  survey  of  the  country  which  we 
traversed  have  been  made  by  Imam  Sherif,  Khan  Bahadar,  who  was  sent 
out  by  the  Indian  Government.  It  is  particularly  valuable  as  being  the 
first  attempt  at  surveying  anything  beyond  the  coast-line  in  this  part  of 
Arabia,  and  I  have  hopes  that  he  will  accompany  us  again  next  year  to 
continue  this  work. 

Thero  is  a  remarkable  absence  of  mammalia  in  the  Hadramout ;  we 
only  saw  a  few  gazelle  and  heard  of  the  ibex  as  dwelling  in  the  moun* 
tains  near  Siwun.  The  fact  that  we  constantly  saw  the  rotting  caroasses 
of  sheep  proves  the  total  absence  of  carnivorous  beasts  and  birds,  which  is 
doubtless  due  to  the  lack  of  running  water.  There  are  also  very  few  birds 

Digitized  by  VjOOQIC 


358  REPORT— 1894. 

o£  any  sort  in  the  valley,  though  in  the  cultivation  near  Al  Katan  we  saw 
qutintities  of  swallows,  evidently  hibernating  there.  The  naturalist  sent 
out  by  Dr.  Anderson,  however,  made  an  excellent  collection  of  snakes, 
lizards,  and  other  reptiles  which  abound  in  the  rocky  mountains.  These 
ave  at  present  being  arranged  by  Dr.  Anderson,  and  a  complete  set  will 
be  presented  to  the  Natural  History  Museum  at  South  Kensington. 

Owing  to  the  fanaticism  of  the  natives  we  were  unfortunately  unable 
to  ta}ce  any  anthropometric  observations;  in  fact,  it  would  have  been 
extremely  dangerous  to  do  so  in  the  interior.  I  have  hopes,  however, 
another  season  to  be  able  to  do  this  at  some  of  the  coast  towns,  where  the 
Bedouins  from  the  interior  go  down  in  considerable  numbers.  They  are 
very  interesting  as  types  of  an  early  race,  being  very  different  from  the 
Bedouins  of  Northern  Arabia.  They  are  short,  thin,  and  wiry,  with 
handsome,  refined  faces,  aquiline  noses,  and  thin  lips,  almost  as  dark  as 
negroes  in  their  skin,  and  with  long  black  hair,  which  they  tie  up  in  a 
knot  at  the  back  of  their  heads.  During  our  long  stay  at  Al  Katan  we 
were  able  to  collect  many  interesting  points  with  regard  to  their  manners 
aad  customs,  but  the  same  difficulty  that  prevented  us  from  taking 
measurements  also  confronted  us  in  trying  to  take  photographs  of  this 
interesting  type  of  humanity.  They  have  a  fixed  objection  to  sitting  for 
theit*  portraits,  and  the  few  we  took  at  haphazard  do  not  give  a  very 
slitisfactory  idea  of  the  type. 

Mrs.  Bent  was,  however,  able  to  take  an  interesting  series  of  views  of 
the  Hadramout  valley,  the  palaces  and  buildings,  <S:c.,  which  give  a  good 
idea  of  the  country. 

The  botanist  (W.  Lunt)  who  was  sent  out  by  the  authorities  of  Kew 
miade  a  collection  of  the  flora  of  this  district,  which  is  rather  meagre,  but 
vety  interesting,  s^  being  the  first  collection  brought  from  Arabia  east  of 
Aden.  In  it  there  are  four  new  genera  and  thirty  new  species,  which  is 
remarkable,  considering  that  the  collection  did  not  contain  much  over  200 
varieties ;  and  it  has  also  established  the  fact  that  the  flora  of  Arabia 
corresponds  most  closely  to  that  of  Abyssinia. 

We  purpose  to  return  to  Arabia  during  the  coming  winter,  and,  if 
possible,  to  enter  at  Muscat  and  make  our  way  thence  to  the  Hadramouti 
which  will  give  us  an  opportunity  of  surveying  the  whole  inhabitable  line 
of  country  along  the  coast  of  South-eastern  Arabia.  We  therefore  hope 
for  the  reappointment  of  the  Committee,  with  a  grant  of  money. 


Oeagraphical^  Meteoroh(j{cal,  cmd  Natural  Histoiy  Observations  in  South 
Oeonjia  or  other  Antarctic  Island, — Repmi  of  the  Committee,  consisU- 
ing  of  Mr.  Clements  R.  Markham  (Cluiirman),  Dr.  H.  R.  Mill 
(Secretary),  Mr.  J.  Y.  Buchanan,  and  Mr.  H.  0.  Forbes. 

The  Committee  met  on  two  occasions  and  considered  the  possibility  of 
canying  out  Mr.  Bruce's  plan  for  spending  a  year  on  South  Georgia  or  other 
land  within  the  Antarctic  Circle.  It  was  found  to  be  possible  to  obtain 
a  passage  for  Mr.  Bruce  either  to  South  Georgia  or  possibly  to  the  Antarctic 
land  south  of  Australia  ;  but  no  guarantee  would  be  given  by  the  Norwe- 
gian whalers  and  sealers  making  experimental  voyages  in  these  waters 
that  they  could  return  for  him  after  a  year.  In  the  circumstances  the 
Qommittee  decided  that  it  would  be  undesirable  to  encourage  Mr.  Bruce 
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to  run  the  risk  of  an  expedition  the  return  from  which  was  so  uncertain, 
and  the  sum  of  50^.  drawn  by  the  Committee  and  held  in  readiness  to  add 
to  Mr.  Bruce's  funds  in  case  he  should  be  able  to  make  satisfactory 
arrangements  will  be  repaid  to  the  Treasurer. 

The  Committee  desire  to  impress  upon  the  Association  the  desira- 
bility of  memorialising  Government  on  the  great  scientific  advances 
which  will  certainly  follow  a  well-equipped  expedition  to  the  Antarctic 
regions.  The  success  attending  the  recent  voyages  of  Norwegian  whal- 
ing and  sealing  vessels  in  the  discovery  of  new  lands  of  great  interest  is 
fresh  evidence  of  the  work  which  may  be  done  in  high  southern  latitudes 
by  protected  steamers. 


The  Teaching  of  Science  in  Elementary  Schools. — Report  of  the 
Committee,  conaiatvng  of  Dr.  J.  H.  Gladstone  (Chah^man), 
Professor  H,  £•  Armstrong  (Seo^etary),  Mr.  S.  Bourne,  Mr.  G. 
Gladstone,  Mr.  J.  Heywood,  Sir  John  Lubbock,  Sir  Philjp 
Magnus,  Professor  N.  Story  MaskelyNe,  Sir  H.  E.  Roscoe,  Sir 
R.  Temple,  and  Professor  S.  P.  Thompson.  (Drawn  up  by  Dr. 
Gladstone.) 

Appendix. — Addition  to  Alternative  Courses  in  Elementary  Scieueb  .        •    page  361 

Last  year  your  Committee  were  able  to  report  a  rapid  advance  in  the 
adoption  of  elementary  science  as  a  class  subject  in  the  day  schools,  and 
the  great  provision  made  for  it  in  the  New  Code  for  evening  continuation 
schools.  This  year  they  have  only  to  report  progress  in  the  same  direction. 
The  number  of  departments  of  schools  in  which  the  following  class 
subjects  were  examined  by  Her  Majesty's  Inspector  during  the  eight  years 
1882  to  1890,  when  English  was  obligatory,  were  as  follows  : — 


Class  Sobjects.— Departments  ,1882-83   1883-84   1884-85   1885-86   1886-87   1887-88  1888-89   1889-90 1 


EnglMh 


Geography 
Elementary  Science 


I  18,303  i  19,080 

19,431 

19,608 

19,917 

20,041 

20,153 

20,3«>4 

1  12,828  1 12,775 

1    48     5L 

12,386 
45 

12,055  1 
43 

12,035 
39 

1 

12,058 
86 

12,171 
86 

12,367 
32 

The  numbers  duiing  the  last  three  years,  when  managers  and  teachers 
have  had  full  liberty  of  choice,  have  been  as  follows  : — 


Class  Sabjects.'DcpartiDent8  1890>9L        |         1891-92  1892-93 


Bngliflh 19,825         |  18.175  17,394 

Geography 12,806        |         13,485  14,256 

Elementary  Science     ...  173  788  1,073 


It  will  be  noticed  that  during  the  former  period,  while  the  study  of 
English  Grammar  increased  with  the  natural  increase  of  schools,  the  study  • 
of  scientific   subjects  positively  decreased ;   but  since  that  time,  while 
Grammar  has  rapidly  declined.  Geography,  and  especially  Elementary 
Science,  which  was  almost  non-existent  before,  have  rapidly  increased. 
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.  The  number  of  scholars  examined  in  the  scientific  specific  subjects 
during  the  eight  years  1882-90  has  been  as  follows  : — 


Speciflo  Subjects.— Gbildrea 

1883-83 'l88S-84   1884-86 

1885-86 

1886-87 

1887-88 

1888-89 

1889-80 

Algebn    .              ... 
BocUd  and  MeDRinUon . 
Mechanics,  A  .       .       .       . 

Animal  Physiology. 

Botany 

Principles  of  Agricnitare     . 
Chemistry       .       . 
Sound,  Light,  and  Heat . 

Total       .... 

S6,647 
1.M8 
2.0« 

8,S80 
1^7 
1.188 
610 
8,648 
18,888 

84,787 

8,010 

8,174 

806 

88357 
8,604 
1,859 
1,047 
1,858 
8,844 

81,458 

28^7 

1,869 

8,587 

889 

30,869 
8,415 
1,481 
1.095 
1,881 
8364 

19.437 

85,393 

1,847 

4,844 

138 

18,583 
i;993 
1,351 
1,158 
1384 
8.951 

19,556 

35,108 
995 

MU 

17,388 
1,589 
1,137 
1,488 
1,158 
3350 

30,716 

36,448 

1.006 

6,961 

831 

16,940 
1.596 
1,151 
1,808 
978 
1,977 

30.787 

27.465 

986 

8,534 

137 
15,893 
1,944 
1A99 
1,531 
1,076 
1,669 
33,064 

80385 

vn 

11,453 
309 

18343 
1330 
1,338 
3,007 
U88 
3,393 

33,094 

88,965 

84,499 

79,774 

78.477 

78,133 

79.985 

83,430 

90,161 

Nnmber  of  scholars  in  Stan- ) 
daidsV,VI.,andVlI.       f 

886^888 

835,806 

858360 

898,889 

483,097 

473.770 

480380 

496,164 

The  numbers  during  the  last  three  years  are  : 


Specific  Subjects.— Children 


Algebra 

Saclid. 

Mensuration 

HecbanicH    . 

ADlxnal  Pbysiology 

Botany 

Principles  of  Agricnlture 

Chemistry    . 

Sound,  Light,  and  Heat 

Magnetism  and  Electricity 

Domestic  Economy      , 

Total    . 


1890-91 


31,849 

870 

1,489 

16,559 

16,050 
2,116 
1,231 
1,847 
1,085 
2,654 

27,475 


100,624 


1891-92 


28,542 

927 

2,802 

18,000 

13,622 
1,845 
1,085 
1,935 
1,163 
2,338 

26,447 


98,706 


1892-93 


31,487 
1,279 
3,762 

20,023 

14,060 
1,968 
909 
2,387 
1,168 
2,181 

29,210 


108,434 


It  is  interesting  to  see  what  have  been  the  changes  of  popularity  in  the 
different  subjects  recorded  above.  The  most  striking  change  has  been  the 
rapid  and  continuous  increase  in  the  study  of  Mechanics  of  from  2,00Q 
to  20,000  scholars.  Animal  Physiology,  Botany,  and  the  Principles  of 
Agricalture  show  a  steady  decrease.  The  separation  of  Euclid  and 
Mensuration  has  had  a  good  effect  upon  the  tea<;hing  of  both,  especially 
the  latter.  The  physical  sciences  have  fluctuated  from 'time  to  time,  but. 
have  never  commanded  any  great  amount  of  attention.  Domestic  Economy 
shows  a  considerable  actual  increase,  but  not  in  proportion  to  the  number 
of  girls  in  the  higher  standards. 

Estimating  the  number  of  scholars  in  Standards  Y.,  YI.,  and  YII.  at 
535,000,  the  percentage  of  the  number  examined  in  these  specific  subjects 
as  compared  with  the  number  of  children  qualified  to  take  them  is  20*2  ; 
but  it  should  be  remembered  that  many  of  the  children  take  more  than 
one  subject  for  examination.  The  following  table  gives  the  percentage  for 
each  year  since  1882  : — 

In  1882-83 29-0  per  cent. 

„  1883-84    .    .       .    .  26-0 
„  1884-85    .    .       .    .  22-6 
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In  1885-86 
„  1886-87 
„  1887-88 
„  1888-89 
„  1889-90 
„  1890-91 
„  1891-92 
„  1892-93 


19*9  percent. 

18-1 

16-9 

170 

18-4 

20-2 

19-7 

20-2 


The  returns  of  the  Education  Department  given  above  refer  to  the 
whole  of  England  and  Wales,  and  are  for  the  school  years  ending  with 
August  31.  The  statistics  of  the  London  School  Board  are  brought  up  to 
the  year  ending  with  Lady  Day,  1894.  They  also  illustrate  the  great 
advance  that  has  been  made  in  the  teaching  of  Elementary  Science  as  a 
class  subject,  and  they  give  the  number  of  children  as  well  as  the  number 
of  departments. 


Years                      1              Departments              1                 Children                 1 

1890-91 
1891-92 
1892-9.H 
1893-94 

11 
113 
156 
183 

2.293 
26,674 
4<»,208 
49,367 

The  alterations  in  the  New  Code  bearing  upon  instruction  in  Science 
are  as  follows : — 

1.  The  addition  of  Domestic  Economy  (for  girls)  to  the  list  of  dasft 
subjects.  Hitherto  it  has  only  been  recognisied  as  u  specific  subject,  which 
limited  the  instruction  to  the  higher  standards.  If  taken  as  a  clasa 
subject,  it  will,  of  course,  have  to  be  taught  throughout  the  school. 

2.  The  addition  of  Hygiene  to  the  list  of  specific  subjects. 

3.  The  inclusion  of  Horticulture  in  the  Schedule  of  Alternative  Coursea 
in  Elementary  Science.  This  is  practically  the  same  as  Horticulture 
treated  as  a  specific  subject,  but  spread  over  the  seven  standards. 

4.  The  insertion  in  the  same  Schedule  of  an  entirely  new  course,  called 
*  Experimental  Arithmetic,  Physics  and  Chemistry.'  This  is  so  great  a. 
departure  from  ordinary  methods,  and  is  likely  to  efiect  so  decided  an  im- 
provement in  the  mode  of  teaching,  that  it  is  thought  desirable  to  set  out 
the  programme  in  full  detail.  It  will  be  found  in  the  Appendix  to  this. 
Report.  It  follows  somewhat  on  the  lines  of  the  Elementary  course  in 
Practical  Science  which  appeared  in  the  Evening  School  Code  of  last  year, 
and  to  which  your  "Committee  drew  particular  attention  in  the  Report  pre* 
sented  at  the  Nottingham  meeting.  This  will  go  far  to  realise  the  hope 
then  expressed  that  these  improved  methods  of  instruction  may  be  largely 
adopted  in  the  day  schools. 

The  changes  in  the  Code  with  regard  to  the  instruction  of  pupil  teachera 
in  science  subjects  are  in  an  opposite  direction.  The  whole  of  the  pro- 
vision hitherto  made  for  the  encouragement  of  the  study  of  science  by  the 
pupil  teachers  has  been  swept  away.  But  it  is  understood  there  is  an 
intention  to  put  in  its  place  an  obligatory  course  of  Primary  Science,  which 
may  form  the  basis  for  any  further  special  science  which  may  be  taken 
optionally.  If  this  idea  is  carried  out,  it  will  place  Natural  Science  for  the 
first  time  in  its  proper  place  in  the  curriculum.  In  the  meantime,  however, 
no  marks  can  be  obtained  at  the  Queen's  Scholarship  examination  for 
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passes  in  any  science  subject  at  the  Science  and  Art  Department  examina- 
tion, or  for  the  holding  of  University  Extension  certificates  in  science. 

For  several  years  past  the  Instructions  to  Inspectors  have  contained  a 
clause  stating  that,  among  the  things  provided  by  a  good  school,  may  be 
*  an  orderly  collection  of  simple  objects,  geological  and  botanical  specimens, 
examples  of  industrial  processes  or  other  apparatus,  chiefly  designed  to 
illustrate  the  school  lessons,  and  formed  in  part  by  the  co-operation  of  the 
scholars  themselves/  This  year  the  Department  have  taken  the  further 
step  of  stipulating  that  *  a  classified  list  of  the  objects  and  other  articles  of 
interest  in  the  school  museum  should  also  be  kept/  This  will  render  the 
school  museums  more  valuable  instruments  of  education,  and  prevent 
them  from  degenerating  into  a  mere  miscellaneous  assemblage  of  objects. 

In  regard  to  evening  continuation  schools,  there  is  no  alteration  in  the 
Code  that  calls  for  remark.  But  in  the  Revised  Instructions  to  Her 
Majesty's  Inspectors  my  Lords  say  :  '  The  subjects  taught  in  the  day  school 
should  be  such  as  to  form  a  solid  foundation  on  which  the  higher  studies  of 
the  evening  may  be  built.  The  knowledge  of  the  scientific  principles  which 
underlie  the  technique  of  the  industries  of  the  neighbourhood  .  .  .'  is 
among  the  most  important  of  such  subjects.  It  might  help  to  secure  the 
continuity  of  school  life  if  the  day  scholars  were  allowed  occasionally  to 
attend  some  of  the  more  attractive  evening  lessons,  such  as  travels  illus- 
trated by  the  optic  lantern,  or  a  science  lecture  illustrated  by  experiments.' 
Optic  lanterns  are  now  of  so  excellent  a  character  that  they  can  be  used  - 
for  illustrating  lessons  in  the  daytime  without  darkening  the  room.  The 
London  School  Board  has  recently  purchased  a  dozen  with  that  view. 

For  the  last  four  years  there  has  been  a  clause  in  the  Code  stating 
that,  '  in  making  up  the  minimum  time  constituting  an  attendance,  there 
may  be  reckoned  time  occupied  by  instruction  in  science  (amongst  others), 
whether  or  not  it  is  given  in  the  school  premises  or  by  the  ordinary 
teachers  of  the  school,  provided  that  special  and  appropriate  provision, 
approved  by  the  Inspector,  is  made  for  such  instruction,  and  the  times  for 
giving  it  are  entered  in  the  approved  time-table.'  The  London  School 
Board'  have  made  several  attempts  to  get  leave  from  the  Education 
Department  to  allow  of  occasional  visits  to  such  places  as  Kew  Gardens, 
South  Kensington  Museum,  &c.,  to  be  so  counted.  But  although  'the 
Science  and  Art  Department  recognise  attendance  at  such  pla^s,  pro- 
vided that  the  attendance  is  for  not  less  than  for  one  hour,  that  the  viEdt 
is  made  for  the  purpose  of  the  scholars  receiving  instruction,  and  that  the 
scholars  are  instructed  during  the  visit  by  the  teacher  of  the  class,'  the 
Education  Department  still  require  the  literal  fulfilment  of  the  above- 
mentioned  clause,  which  is  framed  to  meet  the  conditions  of  centre 
teaching,  and  not  of  visits  to  other  institutions  of  an  educational  character. 
A  recent  deputation  from  the  Manchester  Art  Museum  on  the  subject  of 
bringing  picture  galleries,  public  museums,  &c.,  into  requisition  in  teaching 
art  and  science  was,  however,  very  favourably  received  by  Mr.  Acland, 
and  he  promised  increased  facilities  for  this  purpose  in  next  year's  Code. 
Your  Committee  trust,  therefore,  that,  not  only  will  the  London  School 
Board  be  allowed  to  make  the  use  they  propose  of  such  institutions,  but  that 
the  provision  may  be  made  general,  so  as  to  apply  to  all  the  schools  in  the 
provinces  wherever  the  means  exist  of  obtaining  such  practical  instruction. 

On  January  6  last  the  Education  Department  issued  a  valuable 
circular  (No.  332)  on  the  subject  of  instruction  in  the  lower  standards. 
The  general  scope  of  the  circular  is  to  promote  in  the  schools  for  older 
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scholars  the  natural  methods  of  instruction  adopted  in  the  best  infants' 
schools,  by  which  the  children  are  trained  to  use  their  powers  of  observa- 
tion and  reasoning.  With  reference  to  the  matters  in  which  your  Com- 
mittee are  more  immediately  concerned,  it  states  :  ^  It  should  be  borne  in 
mind  that  object-lessons  cannot  be  dispensed  with  if  habits  of  observation 
are  to  be  duly  fostered,  and  they  should  be  treated  as  a  means  for  mental 
exercise,  and  not  merely  as  opportunities  for  imparting  miscellaneous 
information.  Objects  should  always  be  present  and  in  sufficient  numbers, 
and  the  chief  aim  should  be  to  call  into  activity  observation  and  the  con- 
struction of  clear  mental  pictures,  so  that  the  intelligence  of  the  pupils 
may  be  exercised  and  developed.  Geography,  where  it  is  a  class  subject, 
should  be  treated  in  a  similar  way,  and  should  be  taught  by  visible  illus- 
trations and  by  actual  modelling  in  sand  and  clay,  for  the  production  of 
miniature  rivers,  mountains,  &c.' 

Eeference  has  been  made  in  previous  reports  to  the  important  work 
being  done  by  the  science  demonstrators  under  the  London  School  Board 
in  introducing  practical  lessons  into  the  schools — lessons  in  the  course  of 
which  the  children  are  not  merely  orally  instructed,  but  are  led  to  carry 
out  themselves  a  series  of  simple  measurements  and  to  make  experiments 
with  the  object  of  solving  easy  little  problems,  being  thus  taught  both  to 
be  accurate  and  to  be  self-reliant.  The  vacancy  in  the  staff  caused  by 
the  appointment  of  Mr.  Gordon,  who  has  been  so  eminently  successful  in 
this  work,  as  one  of  the  Inspectors  under  the  Science  and  Art  Depart- 
ment has  been  filled  by  the  appointment  of  Mr.  Heller,  an  Associate  of 
the  City  and  Guilds  of  London  Institute  for  the  Advancement  of 
Technical  Education.  He  will  carry  on  the  instruction  under  the  scheme 
given  in  the  Appendix,  which  is  no  ideal  scheme,  but  an  outline  of  the 
work  actually  done  in  a  considerable  number  of  London  schools  during 
the  past  three  years.  No  other  School  Board  appears  as  yet  to  have 
attempted  to  give  systematic  practical  instruction  on  such  lines  with  the 
object  of  training  children  to  gain  their  knowledge  by  their  own  efforts, 
thereby  training  them  to  help  themselves  and  to  think  logically  ;  but  the 
work  of  the  London  Board  has  been  carried  on  with  such  satisfactory 
results,  and  the  method  adopted  is  of  such  promise,  that  it  is  to  be  hoped 
that  the  example  of  this  Board  will  be  generally  followed.  The  immediate 
difficulty  that  will  be  met  with  in  this  direction,  however,  arises  from  the 
lack  of  suitable  teachers,  and  it  cannot  be  too  strongly  urged  that  no  time 
should  be  lost  in  organising  classes  for  teachers  and  placing  them  under 
competent  instructors.  As  County  Councils  have  in  some  places  already 
shown  willingness  to  assist  in  this  direction,  it  is  to  be  hoped  that  progress 
will  not  be  prevented  by  want  of  funds,  and  that  School  Boards  and 
County  Councils  will  effectively  co-operate  in  this  great  work,  the  national 
importance  of  which  must  ere  long  be  recognised. 

Practical  lessons  similar  in  character  to  those  which  have  been  given 
in  some  of  the  boys'  schools  are  about  to  be  added  to  those  now  given  in 
some  of  the  girls'  schools  under  the  London  Board.  The  results  of  this 
experiment  will  be  awaited  with  the  greatest  interest,  although  there  can 
scarcely  be  a  doubt  as  to  their  proving  to  be  equally  satisfactory.  When 
the  character  of  the  household  work  done  by  women  is  taken  into  account, 
it  is  obvious  that  training  can  be  imparted  at  school  in  the  course  of  such 
experimental  lessons  as  are  to  be  given  to  the  girls  which  will  be  of  direct 
practical  value,  and  the  most  effective  preparation  possible  for  much  of 
women's  work.     If  girls  can  be  taught  to  weigh  and  measure  accurately. 
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and  to  understand  the  use  of  a  thermometer,  and  if  they  acquire  bat  the 
most  elementary  understanding  of  the  natui'e  of  food  and  of  the  opera- 
tions incidental  to  cooking  by  actually  experimenting  while  at  school,  the 
foundation  of  habits  will  have  been  laid  and  knowledge  will  have  been 
gained  which  will  make  them  far  more  careful,  competent,  skilful,  and 
trustworthy  when,  later  on,  they  become  cooks  or  nurses  or  wives  or 
mothers.  It  is  not  too  much  to  hope  that  a  really  satisfactory  method  of 
teaching  domestic  economy  and  housewifery  may  ultimately  be  devised  on 
the  ba^  of  experience  gained  in  the  course  of  lessons  such  as  are  here 
referred  to. 

Your  Committee  observe  with  satisfaction  that  the  Royal  Commission 
on  Secondary  Education  comprises  direct  representatives  of  the  Board 
School  system,  and  some  who  have  interested  themselves  much  in  technical 
instruction.  In  the  present  reorganisation  of  our  scholarship  arrange- 
ments it  is  to  be  hoped  that  the  proper  co-ordination  of  the  studies  in 
Natural  Science  will  be  duly  cared  for. 


APPENDIX. 

Addition  to  Alternative  Courses  in  Elementary  Science, 

Course  H. — Experimental  Arithmetic,  Physics,  and  Chemistry. 
N.B. — Instruction  in  this  subject  should  be  experimental,  the  experi- 
ments being  carried  out  by  the  scholars. 

Standa/rds  L  and  IL — Addition,  subtraction,  multiplication,  and 
division  of  whole  numbers  experimentally  ascertained  by  measurement  of 
lines  in  inches  and  centimetres,  the  number  of  squares  in  a  given  area  of 
squared  paper  ascertained  by  counting. 

Standard  III, — Decimals.  Inch  and  centimetre  rulers  to  be  used,  the 
inches  and  centimetres  being  divided  into  ten  parts.  Addition  and  sub- 
traction, the  same  method  to  be  used  as  in  Standards  I.  and  II.  Results 
in  each  case  to  be  recorded  in  columns.  Multiplication  ctnd  division  of 
above  by  whole  numbers. 

Standard  IV, — Metre,  its  subdivisions.  Addition  and  subtraction  of 
lengths  containing  them.  Results  to  be  recorded  in  columns,  as  in 
Standard  III.  The  gramme  and  its  subdivisions  treated  similarly.  Ap- 
plication of  above  to  numbers  generally. 

Standard  V. — Measurement  of  length,  area,  volume,  and  weight. 
English  and  French  systems,  relative  weights  of  liquids  and  solids.  Baro- 
meter.    Thermometers,  graphic  representation.     Distillation.     Filtration. 

Standard  F/.— Evaporation.  Wet  and  dry  bulb  thermometer.  So- 
lubility. Chalk  and  lime,  their  properties.  Heat  and  acids  on  chalk, 
limestones,  <bc.  Chalks=lime  + chalk  gas.  Chalk  gas  on  lime  and  lime 
water.     Chalk  gas  in  the  air.     Mortar. 

Standard  VII. — Substances  burnt  in  air,  such  as  coal,  sugar,  Jbc,  also 
metals,  such  as  iron,  copper,  &c.  Investigation  into  the  increase  in  weight 
of  certain  metals  when  burnt.  Rusting  of  iron.  Candle,  phosphorus, 
sulphur  burnt  in  air  confined  over  water.  Active  and  inactive  parts  of 
air.  Composition  of  air.  Dilute  acids  on  zinc  and  iron.  Inflammable 
air  and  the  formation  of  water  therefrom.  Inflammable  air  over  heated 
red  lead.  Composition  of  water.  Steam  over  heated  iron  filings.  Hard 
and  soft  water. 
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In  furtherance  of  the  above  purpose  three  reports  have  been  drawn  up 
after  due  inquiry  and  laid  before  your  Committee. 

These  reports,  which  are  appended,  bring  out  very  clearly  some  features 
of  difference  between  the  position  of  such  studies  in  this  and  in  foreign  coun- 
tries, and,  with  other  information  before  your  Committee,  seem  to  them  to 
€all  for  the  following  observations.  Before  proceeding  to  the  consideration  of 
certain  particular  points  they  would  remark  that  the  growth  of  economic 
studies,  and  in  particular  the  development  among  them  of  the  scientific 
study  of  the  actual  phenomena  of  life  (both  in  the  past  and  in  the  present), 
have  important  effects,  so  far  as  the  organisation  of  the  study  and  its  suit- 
ability for  professional  curricida  are  concerned.  It  may  be  hoped,  indeed, 
that  when  the  empirical  side  is  more  adequately  represented,  the  import- 
ance of  the  careful  study  of  Economics  as  a  preparation  for  administiative 
life  will  be  more  fully  recognised  both  by  Government  and  the  public. 

(a)  The  Organisation  of  the  Study  of  Economics. — ^While  fully  recog- 
nising the  great  energy  with  which  individual  teachers  in  this  country 
have  sought  to  develop  the  study  of  this  subject,  your  Committee  cannot 
but  regard  the  condition  of  economic  studies  at  the  universities  and  col- 
leges as  unsatisfactory.  As  contrasted  with  Continental  countries  and 
also  with  the*  United  States,  the  United  Kingdom  possesses  no  regular 
system*  In  one  place  Economics  is  taught  in  one  way,  and  in  connection 
with  some  one  subject,  not  infrequently  by  the  teacher  of  that  subject ;  in 
another  place  in  another  way,  and  with  another  subject.  Very  often  it  is 
taught,  or  at  any  rate  learnt^  as  little  as  possible.  In  most  places  this 
lack  of  organisation  is  due  to  the  weariness  of  introducing  elaborate 
schemes  for  the  benefit  of  problematic  students.  At  Cambridge  the  pass 
examination  which  has  recently  been  devised  only  attracts  a  few.  With 
regard  to  the  higher  study  of  Economics,  Professor  Marshall,  among  others, 
has  written  strongly  of  the  comparatively  small  inducements  offered  by 
Economics  as  compared  with  other  subjects.  He  adds  :  *  Those  who  do 
study  it  have  generally  a  strong  interest  in  it ;  from  a  pecuniary  point  of 
view  they  would  generally  find  a  better  account  in  the  study  of  something 
else.'  Some  considerations  bearing  on  this  point  are  offered  below,  but 
here  it  may  be  observed  that  the  attempts  to  introduce  more  system  into 
the  teaching  of  Economics,  and  to  secure  for  it  as  a  subject  of  study  fuller 
public  recognition,  should,  so  far  as  possible,  be  made  together. 

In  the  opinion  of  your  Committee  Economics  should  be  introduced  into 
the  honour  courses  and  examinations  of  the  universities  in  such  a  manner 
as  to  allow  students  to  engage  in  its  thorough  and  sj/stematic  study  without 
necessarily  going  outside  the  range  of  degree  subjects. 
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(b)  Tlie  Position  of  Economics  ivith  regard  to  Pro/esaiomil.  and  other 
Curricula, — In  most  Continental  countries  Economics  occupies  a  place 
more  or  less  prominent  in  the  courses  of  training  and  in  the  examinations 
through  which  candidates  for  the  legal  profession  or  the  civil  service 
have  to  pass.  In  Austria,  Hungary,  and  the  three  southern  states  of 
Germany  this  connection  is  very  real,  and  the  nature  of  the  study  involved 
very  thorough.  The  same  cannot  be  said  with  regard  to  the  Northern 
States  of  the  latter  empire,  where  the  importance  attached  to  this  sub- 
ject is  so  slight  as  to  make  its  inclusion  almost  nominal.  To  some  extent 
or  in  some  form  it  is  regarded  as  a  subject  obligatory  on  those  preparing  for 
those  callings,  or,  to  speak  more  accurately,  for  the  legal  calling  and  for  cer- 
tain branches  of  the  civil  service  in  Italy,  Spain,  Sweden,  Norway,  Denmark, 
and  Switzerland.  In  Holland  and  Belgium,  while  a  certain  general  know- 
ledge only  is  required  for  a  few  posts  or  branches  of  the  civil  service,  a  very 
thorough  study  is  incumbent  on  those  qualifying  for  the  higher  branch  of 
the  legal  profession.  In  both  France  and  Russia  it  is  an  integral  and 
necessary  portion  of  the  legal  curriculum. 

The  two  studies  are  cognate,  and  according  to  the  view  of  your  Com- 
mittee not  only  would  the  institution  of  an  examination  in  Economics  at 
some  stage  of  legal  degrees  and  qualifications  be  advantageous  professionally, 
but  the  work  of  those  who  had  enjoyed  a  legal  training  would  react  favour- 
ably on  the  advance  of  the  science.  In  addition.  Economics  should  receive 
a  much  more  important  place  in  the  Civil  Service  Examinations,  and  should, 
if  possible,  be  made  compulsory  on  those  entering  the  higher  branches. 


APPENDIX  I. 


On  the  Methods  of  Economic  Training  adopted  in  Foreign  Countries. 
By  E.  C.  K.  GoNNER. 

The  comparative  study  of  the  Continental  and  other  foreign  systems 
of  Economic  Education  brings  out  in  clear  relief  certain  features  of  either 
difference  or  coincidence  which  relate  respectively  to  the  impulses  or 
circumstances  giving  this  particular  study  its  importance,  to  the  method 
of  study,  and,  lastly,  to  its  organisation  and  the  degree  of  success  attained 
in  the  various  countries. 

(1)  Putting  on  one  side  the  purely  scientific  impulse  to  learn  for 
learning's  sake,  which  can,  after  all,  affect  comparatively  few,  the  induce- 
ment to  a  large  or  considerable  number  of  students  to  interest  themselves 
in  any  particular  study  must  consist  in  its  recognition,  either  positive  or 
tacit,  as  a  necessary  preliminary  to  some  professions  or  to  certain 
positions.  This  may,  as  has  been  suggested,  be  either  direct  and  positive, 
or  indirect  and  tacit  \  direct  and  positive,  that  is,  in  the  case  of  Economics 
when  in  either  one  or  more  branches  they  are  made  part  of  the  ezamina> 
tions  admitting  to  the  legal  profession  and  the  higher  civil  service  ; 
indirect  and  tacit  when  public  opinion  demands  economic  knowledge  as 
necessary  in  those  holding  prominent  positions  as  citizens  or  anxious  to 
direct  and  control  their  fellows,  either  by  the  pen  as  journalists,  or  by 
act  or  word  as  statesmen  or  politicians.  The  importance  of  both  these 
motives  is,  of  course,  largely  increased  when  they  exist  in  close  connection 
with  the  purely  scientific  impulse.  By  itself  this  is  not  sufficient.  The 
exclusion  of  one  study,  as  Economics,  from  professional  or  technical  curri- 


Digitized  by  VjOOQIC 


ON   ECONOMIC  TRAINING  IN  THIS  AND  OTHER  COUNTRIES.        3G7 

cula,  unless  counteracted  by  the  existence  of  a  very  powerful  popular 
sentiment  in  its  favour,  practically  removes  it  from  the  reach  of  students 
who  have  to  make  themselves  ready  to  earn  their  living.  Of  the  two 
influences,  described  above,  the  former,  or  the  actual  and  positive  recog- 
nition, is  given,  in  some  shape  or  other,  in  Austria  and  Hungary,  the 
southern  states  of  the  German  Empire,  France,  Belgium,  Italy,  Spain, 
Switzerland,  Sweden,  Norway,  Denmark,  Russia,  and  Holland.  In 
America,  and  to  some  extent  in  Canada,  popular  sentiment  and  interest 
supply  the  needful  impetus  by  making  Economics  a  tacit  requisite  for 
those  exercising  particular  callings.  In  both  Germany  and  Austria  there 
are  signs  of  the  growth  of  Economics  in  popular  appreciation.  In  Austria, 
indeed,  the  circumstances  are  peculiarly  fortunate.  Economic  instruction 
is  recognised  as  a  matter  of  serious  importance,  while,  on  the  other  hand, 
economic  knowledge  is  one  of  the  subjects  of  the  State  examinations  for 
the  legal  and  administrative  service.  In  addition,  its  careful  and  scientific 
study  is  pursued  by  a  fair  number  of  advanced  students.  In  this  way 
Austria  occupies  a  central  position  among  the  various  nations  which  range 
themselves  with  America  at  one  extreme,  where  there  is  no  positive  or 
direct  obligation  in  favour  of  economic  study,  and  at  the  other  extreme, 
the  Scandinavian  and  lesser  Latin  countries,  where  all  recognition  that 
exists  is  positive,  but  where  this  positive  recognition  is  largely  nominal. 

It  has  been  urged  that  the  ill-success  of  economic  studies  in  these 
latter  countries  is  largely  an  argument  against  their  inclusion  in  obligatory 
curricula — a  proposition  which  probably  those  who  make  it  would  hardly 
apply  to  the  cases  of  other  subjects.  But  from  the  evidence  furnished  by 
the  countries  before  us  this  ill-success  can  be  traced  to  other  causes.  It 
is  due,  firstly,  to  differences  in  the  methods  of  study,  and,  secondly,  to 
the  differences  in  the  thing  made  obligatory.  In  South  Germany,  Austria, 
and  Hungary,  Economics  is  obligatory  on  certain  classes  of  students,  and 
the  study  of  Economics  is  making  rapid  and  satisfactory  progress ;  but 
then  in  South  Germany,  Austria,  and  Hungary,  the  method  of  study  is 
one  which  commends  itself  to  advanced  students  and  educational  ciitics, 
and  the  knowledge  required  in  the  examinations  is  thorough.  In  the 
lesser  Latin  countries,  as  Spain  and  Italy,  the  knowledge  which  the 
candidate  is  expected  to  show  is  elementaiy  in  itself,  largely  confined  to 
elementary  theory,  and  a  marked  unreality  is  imparted  to  the  whole 
study,  an  unreality  recognised  alike  by  examiners,  teachers,  and  students. 
On  the  other  hand,  the  advantages  which  Economics  may  receive  from  its 
public  and  positive  recognition  are  borne  witness  to  by  those  best 
acquainted  with  the  condition  of  the  study  in  Germany,  where  the  usages 
of  the  north  and  south  differ.  Broadly  speaking,  they  consist  in  the 
removal  of  Economics  from  the  category  of  unnecessary  to  the  category  of 
necessary  acquirements.  Many  of  those  who  begin  the  study  from  com- 
pulsion continue  it  from  choice.  In  America,  indeed,  the  strength  of 
popular  sentiment  and  the  ever-present  interest  of  politics  together  with 
the  action  of  the  universities,  where  nearly  all  studies,  and  not  Economics 
alone,  are  put  on  a  voluntary  footing,  give  it  an  adequate  position  ;  but 
failing  the  combination  of  conditions  such  as  these,  its  absence,  both  from 
all  professional  curricula  and  from  the  earlier  stages  of  education,  cannot 
but  be  regarded  as  disastrous  and  unjust. 

(2)  The  method  of  economic  studies  is  of  a  certain  importance  with 
regard  to  the  subject  last  discussed.  Though  it  would  be  unfair  to 
estimate  the  work,  or  to  judge  of  the  scope  of  schools  of  economic  teaching 
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from  their  extreme  tendencies,  these  afford  not  unsatisfactory  means  of 
<listinction.  Speaking  broadly,  they  may  be  placed  in  two  groups— those  in 
which  the  dominant  influence  is  realistic  or  empirical ;  those  in  which  it  is 
theoretical  or  abstract.  Very  few  economists,  wheth.er  teachers  or  writers, 
are  wholly  realistic  or  wholly  theoretical.  Some  bias,  however,  they 
nearly  all  have,  and  it  is  by  that  they  may  be  ranked  for  the  present 
purpose.  Nor  must  it  be  supposed  that  the  distinctions  drawn  in  one 
country,  with  re^rd  to  these  opposing  lines  of  study,  at  all  correspond 
with  those  existing  in  another.  In  Germany,  for  instance,  the  attitude  of 
Professor  Wagner  is  attacked  by  the  members  of  the  historical  school — 
one  branch  of  the  empirical — ^but  judged  by  the  standards  of  France  and 
England  he  would  rank  in  the  main  as  an  empiricist.  The  theorists  of 
Germany  and  Austria  do  little  more  than  assert  that  theoretical  study 
has  its  due  place  and  is  a  necessary  part  of  the  equipment  of  an  eco- 
nomist. 

When  discussing  the  assertion  that  compulsory  Economics,  however 
enforced,  tended  to  issue  in  perfunctory  attendances  and  poor  results  so 
far  as  interest  was  concerned,  it  was  urged  that  these  consequences 
depended  largely  on  the  method  and  nature  of  study.  This  is  remarkably 
illustrated  by  the  fact  that  the  countries  where  such  evils  are  regretted 
or  anticipated  are  those  where  the  study  of  Economics  is  mainly  theoretic, 
or  where  Economics  is  distinctly  and  openly  subordinated  to  other  subjects. 
Lessons  of  this  latter  kind  are  never  thrown  away  upon  students.  But 
with  regard  to  the  former,  it  is  not  from  the  southern  states  of  the 
German  Empire,  or  from  Austria,  that  we  hear  these  complaints.  There 
economic  study  is  obligatory,  and  the  economic  study  involved  is  two- 
thirds  of  it  empirical  in  character.  In  the  Latin  countries  the  state  of 
things  is  very  different.  The  basis  of  study  is,  if  I  may  say  so,  text-book 
theory,  and  the  position  of  Economics,  so  far  as  progress  is  concerned,  is 
unsatisfactory  in  the  extreme.  This  has  been  particularly  dealt  with  in 
the  paragraphs  relating  to  Italy. 

In  two  of  the  great  nations  the  mode  of  study  practised  is  largely 
empirical.  In  Germany,  despite  the  contrast  between  different  leaders  of 
thought,  the  importance  of  this  method  is  well  illustrated  by  the  position 
which  the  study  of  Practical  or  Applied  Economics  invariably  occupies. 
In  America,  the  study  of  economic  history  and  of  modem  economic  fact 
grows  into  greater  prominence  year  by  year. 

(3)  Turning  to  the  question  of  success,  the  question  arises  at  once  as 
to  the  tests  whereby  such  may  be  measured.  Of  these,  many,  varying 
from  popularity  to  eclecticism,  have  been  suggested,  but  possibly  the  one 
most  suitable  is  the  ability  of  a  system  to  produce  a  high  general  level 
amongst  a  good  number  of  students.  Something  more  is  required  of  a 
system  than  that  it  should  bring  together  large  audiences  for  elementary 
courses  ;  while,  as  for  the  production  of  a  few  very  good  students,  a  few 
will  always  press  to  the  front  through  all  difficulties,  despite  systems  good 
or  bad,  or  in  the  absence  of  any  system  at  all.  But  a  system  that  is  to 
be  deemed  good  must  place  within  the  reach  of  all  industrious  and  apt 
students  the  means  of  a  good  general  economic  training,  while  stimulating 
him  to  prosecute  original  and  independent  work.  Further,  it  should 
provide  these  advantages  regularly  and  not  intermittently.  The  way  in 
which  these  two  needs  are  met  in  practice  can  be  stated  briefly*  Greneral 
training  is  provided  by  a  systematic  series  of  courses  which  should  include 
at  least  Theory  of  Economics,  Applied  Economics,  and  Finance.     The 


Digitized  by  VjOOQIC 


ON  ECONOMIC  TRAINING  IN  THIS  AND  OTHER  COUNTRIES.        369 

seminar,  or  classes  organised  like  the  seminar,  offer  opportunities  for 
guiding  a  student  into  the  ways  of  original  work. 

Seminar  instruction  is  given  regularly  in  Grermany,  Austria,  Hungary, 
in  the  better  equipped  universities  of  America,  Switzerland,  and  to  some 
extent  in  both  Sweden  and  Holland.  In  Russia  the  professors  may  and 
eametimes  do  organise  seminars  or  discussion  classes.  In  Belgium,  classes 
are  held  in  connection  with  some  of  the  courses. 

With  regard  to  the  systems  of  providing  for  a  good  ground  knowledge 
of  the  leading  branches  of  Economics,  classification  is  rendered  difficult 
by  the  different  methods  adopted  in  the  various  countries.  Some  are 
more,  some  less  thorough.  Among  the  former  we  may  put  without  hesi- 
tation the  countries  already  singled  out  for  notice — Germany,  America, 
Austria,  and  Hungary. 

From  the  accounts  given  in  detail  below  it  is  clear  that  in  these 
countries  the  study  of  Economics  is  advancing.  The  training  is  systematic. 
A  fair  proportion  of  students  pass  from  the  more  general  into  the  more 
special  or  advanced  courses.  The  production  of  work,  not  necessarily  of 
uie  first  order,  for  with  that  we  are  not  dealing,  but  of  the  second^  or 
third,  or  fourth  order,  is  great  and  still  increases. 


AUSTRIA* 

The  position  of  Economics  in  Austria  is  largely  determined  by  its 
relation  to  legal  studies — ^by  the  place,  that  is,  which  its  various  branches 
hold  in  the  examinations  qualifying  for  the  legal  profession  and  for  the 
juridical  and  higher  administrative  services.  According  to  the  system  till 
recently  in  force,  but  now  somewhat  modified,  candidates  intending  to 
enter  these  had  to  attend  certain  courses  at  the  universities,  and  to  pass 
certain  examinations  varying  according  to  the  positions  sought.  Those 
entering  the  legal  profession  had  to  pass  the  first  State  examination  in 
addition  to  the  three  pdiHeal  rigorom  of  the  university,  success  in  which 
latter  conferred  the  degree  of  Doctor.  Other  candidates  only  needed  to  pass 
the  three  State  examinations.  These  latter  were  as  follows  : — The  first 
(Rechtshistorische  Staatspriif ung)  was  held  at  the  end  of  the  second  year 
of  study,  and  comprised  the  following  subjects  :  Roman  Law,  Canon  Law, 
and  German  Law  in  its  historical  aspect.  The  second  (Judizielle  Staats- 
priifung)  was  held  towards  the  end  of  the  eighth  semester,  in  the  follow- 
ing subjects  :  Austrian  Law,  civil,  commercial,  and  penal ;  Austrian  Civil 
and  Criminal  Procedure.  At  the  end  of  the  four  years  came  the 'third 
and  final  examination  (Staatswissenschaf tliche  Staatspriif  ung),  which  alone 
IB  of  importance  so  far  as  the  legal  recognition  of  Economics  is  concerned. 
The  subjects  examined  in  were  Austrian  Public  Law,  International  Law, 
Economics  (including  Economics,  the  Science  of  Administration,  Finance, 
and  Statistics).  The  political  rigorosa,  while  they  correspond  in  outline  to 
the  State  examinations,  have  some  few  points  of  difference  both  with 
regard  to  method  and  subjects.  They,  too,  are  three  in  number,  and  may 
be  described  as  the  Austrian  rigorosum,  corresponding  to  the  second  State 
examination,  the  Romanist,  corresponding  to  the  first  State,  and  the 
Staatswissenschaftliche,  which  closely  resembles  the  third  State  examina- 
tion, though  not  including  Statistics  or  Administration.  There  is  no 
regulation  as  to  the  order  in  which  they  are  to  be  passed,  but  that  indi- 
cated above,  is  fairly  customary.  Their  greater  severity  may  be  j  udged  from 
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both  the  additional  length  of  preparation  prescribed  and  the  manner  in 
which  they  are  conducted.  The  earliest  date  at  which  a  candidate  may 
pass  his  first  rigorosum  is  at  the  end  of  the  fourth  in  place  of  the 
second  year.  The  second  and  third  may  follow  at  respective  intervals  of 
two  months.  The  Staatspriifung  is  an  examination  taken  by  groups  of 
four  students,  each  group  being  under  examination  for  two  hours  ;  but  in 
the  rigorosa  each  candidate  is  under  examination  for  two  hours,  spending 
half  an  hour  with  each  examiner.  Both  State  and  university  examina- 
tions are  oral,  and  the  latter  are  said  to  impose  a  severe  strain  on  both 
examiner  and  candidate.  In  the  latter  the  examiners  are  the  university 
professors,  while  in  the  State  examinations  these  are  variously  composed 
of  professors,  functionaries  of  the  State,  and  barristers  of  good  standing. 

By  the  Law  of  April  28,  1893,  which  came  into  effect  in  October,  the 
system  sketched  above  underwent  certain  alterations.  A  complete 
separation  will  be  effected  between  the  university  examinations  or  rigorosa 
and  those  qualifying  for  the  legal  profession  and  State  services,  the 
former  no  longer  serving  as  a  possible  substitute  for  the  second  and  third 
of  the  latter.  In  addition,  some  slight  change  has  been  introduced  into 
the  curriculum  and  examinations  imposed  upon  students  designing  to 
enter  these.  They  will  have  to  attend  courses  and  to  be  examined  in — 
(a)  The  Science  of  Administration  (Yerwaltungslehre),  and  with  special 
reference  to  Austrian  Law ;  (b)  Economics,  theoretical  and  practical ; 
(c)  Public  Finance,  and  especially  Austrian  Finance.  In  addition  they 
must  attend  lectures  (without  subsequent  examination)  on  Comparative 
and  Austrian  Statistics.  These  alterations  will  leave  the  number  of 
students  in  the  more  elementary  subjects  unaffected,  and,  so  far  from 
operating  in  discouragement  of  economic  and  political  studies,  will,  it  is 
hoped,  l^id  to  their  more  thorough  prosecution,  by  raising  the  degree  to  a 
more  scholarly  position. 

The  marked  recognition  of  Economics  by  the  State,  and  the  large 
number  of  students  whose  prospects  are  involved  in  its  successful  study, 
naturally  affect  the  teaching  organisation  provided  by  the  universities 
and  other  bodies. 

This  is  fairly  uniform  throughout  Austria,  as  apart  from  Hungary, 
though  the  extent  to  which  the  subject  is  pursued,  and  the  variety  of  its 
forms,  depend  mainly  on  the  enthusiasm  of  particular  teachers  and  the 
greater  opportunities  offered  by  particular  universities  or  other  institu- 
tions. At  the  universities  *  the  ground  plan  of  work  may  be  described  as 
identical.  Economics  being  taught  in  the  faculty  of  law.  There  are 
certain  courses  which  must  be  delivered^  and  at  which  attendance  ia 
obligatory  for  certain  classes  of  students.  These  are  on  Naivmal  Economy^ 
Financej  SUUisticSy  and  the  Science  of  AdminietrcUion  (Yerwaltungslehre), 
which  includes  instruction  in  practical  economics,  public  health,  army» 
matters  of  policy,  justice,  &c.  But  in  addition  to  these  the  teachers,  whether 
professors  or  privat-docents,  may,  and  often  do,  deliver  special  courses 
dealing  with  more  particular  subjects.  These  are  not  necessarily  or 
usually  the  same  from  year  to  year  ;  and  may  be  described  as  instruction 
of  an  unusually  high  order,  inasmuch  as  each  teacher  is  accustomed  to 
select  for  treatment  such  branch  of  science  in  which  his  own  activities 
and  studies  lie.     The  large  ^  voluntary  attendance  at  such  lectures  is  a 

'  Vienna — Prag  (German),  Prag  (Bohemian),  Graz,  Innsbruck,  Krakau  (Polish), 
Lemberg  (Polish),  Czemovitz. 

*  At  Vienna  the  attendance  at  special  courses  varies  from  60  to  100. 
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testimony  to  the  regard  in  which  eeonomic  studies  are  held  among  a  large 
body  of  students. 

Seminar  instruction  is  customary,  as  in  Germany.  At  Vienna  there 
are  two  seminars,  one  for  Economics  (Staatswissenschaf tliche),  one  for 
Statistics,  while  in  addition  there  is  an  Institute  of  Political  Science, 
attached  to  all  of  which  are  libraries  and  places  for  the  members  to  carry 
on  their  work  in  close  contact  with  their  professor  or  his  deputy.  The 
members  consist  in  part  of  young  doctors  of  the  university  who  have 
recently  graduated,  in  part  of  those  preparing  for  the  examinations  of 
the  university,  and  include,  as  a  rule,  several  foreigners  who  have  come 
to  Vienna  to  pursue  their  studies.  The  arrangements  at  the  other  uni- 
versities are  similar,  though  in  some  they  lack  the  completeness  displayed 
at  Vienna. 

Students  who,  having  passed  their  examinations  with  credit,  or  other 
wise  performed  their  work  to  the  satisfaction  of  their  teachers,  wish  to 
carry  on  their  studies  in  other  countries  are  eligible  for  Reisestipendia 
(traveUing  scholarships).  These  are  rewarded  to  encourage  study  in 
foreign  universities,  or  to  enable  their  holders  to  carry  out  investigations 
which  necessitate  a  journey.  Unfortunately  they  are  but  few  in  number, 
and  as  they  are  open  to  students  of  all  faculties,  few  economists  can  hope 
to  obtain  Uiem.  Among  the  more  recent  holders  in  Vienna  are  Professors 
Bdhm-Bawerk,  Robert  Meyer,  Von  Phillipovich,  and  Dr.  Stephen  Bauer, 
the  two  latter  of  whom  published  reports  on  matters  studied  abroad. 

In  this  way  a  method  of  economic  instruction  has  been  developed  in 
the  Austrian  universities  which  not  only  provides  a  large  number  with  a 
carefully  systematised  series  of  courses,  but  offers  to  those  disposed  to 
more  thorough  or  more  special  study  ample  opportunity.  The  more  eager 
and  energetic  pass  through  the  courses  compulsory  for  the  law  degree,  in 
themselves  a  fitting  preliminary  to  more  detailed  work,  to  attendance  at 
the  special  courses  and  membership  of  the  seminar ;  from  these  they  may, 
if  fortunate,  advance  into  the  position  of  travelling  or  research  scholars  of 
their  university.  Though  most  of  the  students  at  the  economic  lectures 
are  jurists,  the  attendance  frequently  includes  members  qualifying  in 
other  faculties,  or  even  more  general  '  hearers.'  At  Krakau,  students 
of  the  philosophical  faculty  form  some  20  to  25  per  cent,  of  the  total. 
All  these  students  are  entirely  free  so  far  as  their  choice  of  economic 
courses  is  concerned.  It  is  not  possible  to  give  the  exact  numbers  ot 
the  students  to  be  described  respectively  as  elementary  and  advanced. 
The  particulars,  however,  furnished  by  the  various  universities  permit  a 
rough  general  estimate.  Not  fewer  than  one  thousand  students  undergo 
the  more  general  courses,  thus  attaining  to  a  fair  systematic  acquaintance 
with  the  main  branches  of  economic  study,  while  out  of  that  number  more 
than  two  hundred  take  special  courses  and  enter  the  various  seminars. 
This  account  rather  under  than  over  estimates  the  extent  to  which 
economic  studies  extend.  As  to  the  character  of  the  advanced  work 
there  is  no  doubt.  As  has  been  pointed  out,  it  is  of  a  high  order.  But 
some  question  has  been  raised  as  to  the  value  of  the  knowledge  likely  to- 
be  attained  by  the  more  general  student.  The  variety  of  subjects  required 
in  the  examinations  either  of  the  university  (political  rigorosa)  or  of  the 
State,  and  the  number  of  courses  obligatory  on  the  students,  do  not  allow 
of  an  early  specialisation.  ^     But  a  glance  at  the  nature  of  the  examination, 

*  This,  as  Professor  von  Milewski  contends,  interferes  with  the  scientific  character 

Digitized  by  VjOOQlC 


372  REPORT— 1894. 

and  at  the  syllabus  of  the  various  courses,  forbids  the  inferenoe  that 
the  instruction  given  is  of  a  purely  rudimentary  nature. 

Much,  it  is  true,  depends  upon  the  personal  enthusiasm  and  force  of 
the  teacher,  for,  despite  the  obligation  of  attendance,  a  dull  and  unin- 
teresting lecture  voll  rarely  obtain  the  audiences  registered  to  him, 
many  students  preferring  to  buy  copies  of  the  course  hectographed  from 
the  notes  of  their  predecessors  in  the  lecture  room,  and  only  troubling 
themselves  to  appear  at  the  beginning  and  end  of  the  semester. 

In  the  University  of  Krakau,  Economics  is  obligatory,  both  in 
study  and  examination,  for  the  students  of  agriculture  who  attend 
special  lectures,  apart,  that  is,  from  the  law  students.  Instruction 
in  Economics  (Political  Economy,  Finance,  and  Statistics)  is  given  oXko 
at  all  the  Technical  High  Schools  (Technische  Hochschulen)  in 
Austria,^  while  attendance  at  the  courses  (though  without  examination) 
is  obligatory  at  the  schools  of  agriculture,  where  similar  conditions  pre- 
vail. At  the  Commercial  Academies  (Handelsakademien)  of  Yienna  and 
Prague  a  course  of  lectures  is  given  with  particular  reference  to  the 
economic  branches  which  throw  most  light  on  commercial  facts  and 
features,  and  on  the  relations  existing  between  the  various  classes  engaged' 
in  industry  and  trade.  To  obtain  the  diploma  of  these  institutions  the 
lectures  are  followed  by  an  examination.  Courses  are  provided  for  the 
consular  service  at  the  Oriental  Akademie  in  Vienna,  and  for  the 
service  of  the  administration  of  the  army.^  There  is  also  a  Fortbildnng- 
schule  for  officials  of  the  railway,  where  political  economy  is  taught  and 
examined  in.  Members  of  these  courses  are  considered  specially  fitted 
for  the  attainment  of  the  higher  posts  in  their  service. 

A  knowledge  of  Economics,  duly  and  doubly  certified  by  registered 
lecture  courses  and  by  examination,  is  a  necessary  preliminary  to  certain 
careers.  Attendance  at  the  university  lectures  and  the  attainment  of  the 
juridical  degree  are  the  qualification  for  the  higher  branches  of  the  legal 
profession  (advocate,  &c.)y  and  like  attendance  and  degree,  or,  in  the 
place  of  the  latter,  the  diploma  of  public  service,  are  required  for  all 
branches  of  the  legal  profession  and  for  the  whole  civil  service.  Entrance 
into  the  consular  and  diplomatic  services  may  also  be  obtained  through 
the  courses  of  the  Oriental  Academy.  Further,  as  has  been  pointed  out 
above,  a  certain  acquaintance,  or  supposed  acquaintance,  witiii  economic 
studies  is  considered  necessary  in  some  other  vocations. 

'  At  the  present  time  very  considerable  importance  is  attached  to 
economic  studies  in  Austria.  Their  scientific  character  is  a  general 
matter  of  care,  and  an  extension  of  the  sphere  in  which  they  are  obli- 
gatory,  or  at  least  advisable  on  the  part  of  those  who  seek  success  in  their 
particular  calling  or  profession,  is  earnestly  advocated  by  some.  In  the 
first  direction  the  reforms  in  the  juridical  studies  at  the  universities  will 
operate.     As  Dr.  Mataja  writes  : — *  Economics  will  have  greater  and  not 

of  the  various  stndiea  required  for  the  degree.  As  each  has  to  take  up  several  sub- 
jects, and  to  pass  examinations  in  these,  he  cannot  give  very  special  attention  to 
Bconomics  or  any  other  branch  of  social  science  in  which  he  may  happen  to  be 
interested. 

»  Of  these  there  are  six : — Vienna,  Briinn,  Graz,  Prag  (Gterman),  Prag  (Bohemian), 
Lembcrg  (Polish).  After  examination  diplomas  are  granted,  which  are  necessary 
for  those  becoming  teachers  in  agricultural  schools,  and  are,  it  is  said,  a  strong 
recommendation  in  the  eyes  of  landlords  when  engaging  tJieir  oflScials,  agents,  &c. 

'  An  Intendanz-Chss  for  officers  willing  to  serve  as  Intendanten  for  the  provision 
of  theariry. 
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less  weight.'  On  the  other  hand,  and  in  the  other  direction,  different 
suggestions  have  been  made.  Some  advocate  the  extension  of  compulsory 
study  to  engineers  who  will  become  officials  and  directors  in  factories,  to 
the  emplof/is  of  the  fiscal  service,  to  those  attending  the  more  elementary 
technical  schools.  Others  would  like  to  see  schools  of  political  and  social 
science  (including  Economics)  founded  in  Uie  great  industrial  centres. 
Whether  these  suggestions  be  carried  out  or  not,  they  serve  to  illustrate 
the  feeling  which  exists,  at  least  on  the  part  of  some,  with  regard  to  the 
value  of  Economics  both  as  a  special  and  as  a  branch  of  general  study. 

HUNGARY. 

Economics  holds  a  position  somewhat  similar  to  that  in  Austria.  It 
is  obligatory  on  all  students  in  the  faculty  of  law  and  political  science  at 
the  two  universities,^  and  in  the  Rechtsakademien  (legal  faculties,  as  at 
Kassa),  who  must  take  courses  in  Economics  and  Finance  before  the  end 
of  their  second  year,  when  they  have  to  peuis  an  examination,  among  the 
subjects  of  which  these  are  included.  After  the  second  year  their  studies 
bifurcate,  according  to  the  degree  which  they  seek  (Dr.  Juris,  or  Dr. 
Politics).  In  order  to  obtain  the  former,  they  must  also  pass  an  ex- 
amination in  financial  law.  But  if  they  wish  to  take  the  latter  degree 
(Dr.  Politics),  they  must  pass  two  rigorosa,  among  the  subjects  of  which 
are  Economics  (theoretical  and  practical),  Finance,  Finance  Law,  and 
Statistics.  The  knowledge  required  in  this  case  is  exceedingly  thorough, 
and  the  degree  is  of  high  value  in  the  public  service.  There  ar?  also 
State  examinations  which  serve  as  qualifications,  though  to  a  lesser  extent, 
for  the  legal  and  administrative  services.  Though  easier,  they  correspond 
closely  with  the  above.  In  the  universities  the  system  of  economic  study 
in  its  general  features  resembles  that  in  vogue  in  Austria,  the  chief 
courses  being  those  on  Economics  and  Finance  ;  but  both  at  Budapest  and 
Klausenburg  (Kalozsvar),  as,  for  instance,  at  Strassburg  to  take  a  parallel, 
these  studies  belong  not  to  a  sole  legal  faculty,  but  to  a  legal  and  political 
faculty  (Rechts-  und  Staatswissenschaftliche  Fakultat).  In  addition  to 
successful  examinations  the  candidates  have  to  present  a  thesis.  The 
possession  of  the  degree  of  Dr.  Oameralium  implies  a  very  sound  economic 
training,  and  it  was  till  lately  the  chief  means  of  entering  the  higher  civil 
service  both  of  the  kingdom  and  of  the  States.  Considerable  attention  is 
paid  to  Economics,  the  seminars  being  well  frequented,  and  the  interest 
and  activity  of  students  great.  This  is  particularly  true  of  Budapest, 
where  the  lectures  are  varied  and  delivered  by  a  numerous  and  able 
staff. 

GERMANY. 

The  differences  in  the  history  and  regulations  of  the  various  States 
composing  the  German  Empire  have  led,  not  unnaturally,  to  considerable 
differences  in  the  positions  which  economic  studies  occupy.  On  the  one 
hand,  they  are  affected  by  the  diversity  of  usage  existing  as  to  their  con- 
nection with  the  course  of  study  required  for  the  legal  profession  and  the 
civil  service.  On  the  other  hand,  the  particular  faculty  in  which  they  are 
included  has  been  determined  by  reasons  possessing  little  but  historical 
validity. 

*  Budapest,  Elansenbarg  (Kalozsvar). 
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1.  Prussia, — At  the  Prusaiaii  universities  Economics  belongs  to  the 
faculty  of  philosophy,  and,  speaking  generally,  to  that  section  of  this 
faculty  known  as  the  Sciences  of  the  State.  A  student  takes  his  degree 
in  Economics  entirely  apart  from  law,  the  position  of  which  as  a  separate 
faculty  unfortunately  precludes  a  student  who  presents  a  thesis  in  one  of 
these  two  subjects  from  selecting  the  other  as  one  of  the  two  collateral 
subjects  which  he  is  bound  by  regulation  to  offer  himself  for  examination 
in.  Further,  it  must  be  noticed  that  the  degree  of  doctor  in  this  country, 
and,  indeed,  in  Germany  generally,  is  not  a  qtwlification^  as  was  till  recently 
the  case  in  Austria  and  still  is  in  certain  of  the  Latin  countries.  Some 
assistance  it  may  be  in  a  judicial  career,  but  even  then  the  degree  of  Doctor 
Juris  has  naturally  much  more  value  than  that  of  Doctor  of  Philosophy 
in  the  State  Sciences. 

Nor  does  Economics  occupy  an  important  place  in  the  State  examina- 
tions which  qualify  for  the  legal  and  administrative  services.  To  enter 
these  a  candidate  must  pass  examinations,  the  first  of  which  is  common  to 
both  services  {referendar  Examen).  This  consists  of  two  parts,  the  first 
written  and  dealing  with  law,  the  second  oral,  which  includes,  among 
other  matters,  the  elements  of  Economics.  So  subordinate  is  this  subject 
that,  in  the  opinion  of  many  critics,  it  hardly  counts  in  the  decision  as  to 
the  eligibility  of  candidates.  The  course  of  examination  then  bifurcates, 
some  taking  that  for  Justiz- Assessor,  others  for  that  of  Begierungs 
Assessor,  for  neither  of  which  is  Economics  required.  At  the  latter  of 
these  (Reg.  Assessor)  some  knowledge  of  Economics  in  its  applied  branches 
is  saia  to  be  highly  desirable ;  but  inasmuch  as  the  examination  takes 
place  some  &\e  years  after  the  conclusion  of  the  university  course,  the 
demands  it  makes  are  chiefly  met  by  knowledge  supplied  from  books. 
With  regard  to  the  constitution  of  the  examining  boards,  it  should  be 
noticed  that,  even  at  the  referendar  Eocanien,  it  is  not  in  accordance  with 
common  practice  to  include  professors  of  Economics. 

2.  Saacony.  —The  system  recently  adopted  in  Saxony  is,  in  so  far  as  the 
subordination  of  Economics  is  concerned,  nearly  identical  with  that  of 
Prussia.  In  one  point  it  is  more  favourable  to  the  interests  of  this 
subject,  the  professoriate  being  invariably  represented  on  the  board  of 
examiners. 

3.  Beichsland. — In  the  Reichsland  Economics  is  of  no  more  importance 
than  it  is  in  Prussia. 

4.  Saxe-  Weimar, — In  Saxe- Weimar,  too,  it  is  of  but  nominal  import- 
ance in  the  juridical  examinations.  There,  too,  the  board  of  examiners  is 
constituted  irrespective  of  economic  requirements,  and,  as  has  been  causti- 
cally said,  it  is  rare  to  find  the  examiners  academically  qualified  in  the 
subjects  in  which  they  are  supposed  to  examine.  The  position,  in  the 
main,  is  very  similar  to  that  prevailing  in  Prussia. 

5.  Bavaria,— In  the  chief  southern  and  south-western  states  Eco- 
nomics holds  a  more  important  position  in  the  legal  and  civil  service 
curricula.  Thus,  in  Bavaria,  all  students  of  law,  administration,  and 
forest  (Landwirth)  have  to  pass  an  examination  in  which  it  forms  one  of 
the  subjects.  The  time  of  the  examination  is  at  the  conclusion  of  the 
four  years  devoted  to  legal  or  other  studies  respectively,  and  the  presence 
of  the  Professor  of  National  Economy  among  the  professorial  examiners 
necessitates  due  attendance  at  lectures  and  thorough  study.  The  second 
examination   for  the  civil   service  is  technical  in  character,  and  only 
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requires  economic  knowledge  in  its  connection  with  practical  developments 
and  issues. 

6.  Wiirtemburg. — In  Wiirtemburg,  though  Economics  forms  no  part 
of  the  strictly  legal  examinations,  in  the  other  State  examinations  for 
administrative  students  it  is  of  very  great  importance.  For  these  there 
are  two  examinations,  the  first  of  which,  more  general  in  character  than 
the  other,  takes  place  at  Tubingen,  and  involves  a  very  considerable 
acquaintance  with  Economics. 

7.  Baden, — Every  legal  student,  as  well  as  every  candidate  seeking 
entrance  into  the  higher  employments  in  the  State  departments  of  revenue 
and  administration,  must,  in  his  time,  attend  lectures  on,  and  pass  exami- 
nations in,  the  economic  and  financial  sciences. 

The  varying  positions  which  Economics  holds  in  the  examination^^ 
•qualifying  for  State  and  legal  employment  in  the  different  German  States 
affect  a  large  number  of  university  students  who  have  to  pass  these 
examinations  but  do  not  of  necessity  take  a  degree.  To  them  the  con- 
Dection  of  Economics  with  one  faculty  or  the  other  in  the  university 
cannot  be  a  matter  of  much  importance,  but  with  others  the  case  is 
-different.  Students  reading  for  the  degree  are,  as  has  been  already  said, 
restricted  now  on  one  side,  now  on  another,  as  to  their  choice  of  collateral 
subjects  for  examination.  Sometimes  they  can  offer  Economics  in  connec- 
tion with  law,  sometimes  they  cannot.  In  addition,  the  influence  which 
kindred  studies  taught  in  one  faculty  may  bring  to  bear  on  the  methods 
of  instruction  may,  in  some  instances,  prove  of  not  inconsiderable  import- 
ance even  in  the  case  of  the  students  studying  for  the  doctorate.  Professor 
Brentano,  however,  whose  personal  experience  extends  from  Leipzig  to 
Strassburg,  from  Vienna  to  Breslau  and  Munich,  contends  that  the 
varieties  of  combination  matter  less  than  might  seem  probable.  The 
facultative  position  of  Economics  varies  considerably.  In  Prussia  and 
Saxony  they  find  place  among  the  many  heterogeneous  subjects  grouped 
together  in  the  faculty  of  philosophy,  though  in  certain  places,  as  at 
Berlin,  they  fall  into  a  distinct  subdivision.  At  Berlin  they  belong. to 
the  Stoats-  Cameral-  und  Gewerhewissenschaften.  At  Strassburg  (Reichs- 
land)  they  combine  with  law  to  form  a  Rechis-  und  Staatarmssenschaftliclni 
FacuUdt.  At  Tubingen  (Wiirtemberg)  a  Sta^swisftenachaftliclie  Faciiltdt 
exists  independent  of  the  law,  a  practice  identical  with  that  current  at 
Munich  (Bavaria).  At  some  universities,  as  for  instance  at  Jena,  economic 
lectures  are  largely  attended  by  the  students  of  Landtvirthschqfi. 

A  comparison  of  the  studies  preliminary  to  the  doctorate  in  Germany 
with  those  in  Austria  reveals  two  chief  points  of  difference.  At  German 
universities  there  is  little  prescription  of  the  course  of  study,  or,  indeed, 
of  the  methods  to  be  adopted  by  the  student,  who  within  certain  wide 
limits  has  a  perfectly  free  choice  of  subjects.  But  this  comparative 
freedom  from  restraint  is  closely  connected  with  the  great  importance 
attached  to  the  thesis,  a  custom  which,  its  critics  urge,  leads  to  premature 
specialisation.  In  both  countries  candidates  for  the  civil  and  legal  services 
are  much  more  closely  restricted  to  definite  courses. 

In  their  practical  working  the  systems  of  the  different  universities 
bear  a  close  resemblance,  at  any  rate  in  their  earlier  stages.  There  are 
three  main  courses,  delivered  annually,  on  pure  Economics,  Applied 
Economics,  and  Finance,  all  of  which,  even  the  first,  involve  a  careful  study 
of  economic  fact  as  distinct  from  hypothesised  theory.     Tlie  extent  to 


which  the  method  adopted  in  the  first  course  is  empirical  expends,  of 
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course,  on  the  position  of  the  teacher  as  an  adherent  of  one  or  other  of 
the  opposing  schools  of  economic  thought ;  but,  speaking  generally,  even 
the  least  empirical  among  them  would  be  deemed  empirical  hj  those 
accustomed  to  English  methods.  But,  in  addition  to  these  three  annual 
courses,  lectures  are  delivered  on  special  subjects.  At  Freiburg  (in 
Baden),  in  the  summer  semester  of  1891,  these  were  : — 

History  of  National  Economy  and  Socialism. 

Agrarian  and  Industrial  Policy,  including  the  Labour  Question. 

History  of  Statistics. 

The  list  of  special  lectures  at  Berlin,  to  take  the  most  completely  equipped 
of  the  universities,  shows  more  clearly  the  wide  range  of  subjects  dealt 
with  under  the  term  Economics.  In  the  summer  term,  1892,  besides  the 
ordinary  annual  courses,  there  were  courses  of  lectures  on  the  following 
subjects : — 

Theory  of  Statistics. 

History  of  Statistics. 

Statistics  of  the  Gei-man  Empire. 

The  Economic  and  Social  History  of  Germany  from  the  end  of  the 

Middle  Ages  to  the  Peace  of  Westphalia. 
History  and  Modes  of  Industrial  Undertakings. 
Money  and  Banking. 

Early  Commercial  and  Colonial  Policy  (till  1800). 
Industrial  and  Commercial  Policy. 
The  Social  Question. 
Forms  of  Public  Credit. 

In  addition  to  lectures,  necessarily  more  or  less  formal,  opportunities  are 
afforded  for  systematic  instruction  in  classes  and  in  the  seminar.  The 
latter  institution  varies  considerably,  according  to  the  character  of  the 
students  frequenting  particular  universities,  for  its  efficiency,  and  accord- 
ing to  the  position  of  the  professor  undertaking  it,  for  the  direction  of  its 
studies.  Each  teacher  collects  around  himself  a  group  of  students  who 
follow  his  methofl,  adopt  his  attitude,  and  frequently  devote  themselves  to 
those  branches  of  economic  research  which  have  occupied  his  attention. 
Thus,  at  Strassburg,  Professor  Knapp's  seminar  deals  chiefly  with  agrarian 
questions ;  at  Berlin,  Professor  Wagner's  influence  is  seen  in  the  pre- 
dominance of  finance  and  financial  topics  among  the  subjects  discussed. 
At  Munich,  to  pass  to  the  question  of  organisation  and  method,  the  two 
professors  join  in  holding  a  seminar  in  which  *  there  are  about  twenty-four 
young  men  taking  part.  Each  of  them  has  to  undertake  some  work  :  the 
younger  ones  get  a  book  to  read,  and  have  to  report  on  it ;  the  more 
advanced  have  to  treat  a  subject  after  reading  several  books  on  the 
subject ;  the  most  advanced  have  to  make  a  work  themselves,  the  pro- 
fessors aiding  them  in  furnishing  material  and  giving  assistance.'  At 
some  universities  there  are  two  seminars,  at  others  one.  It  is  a  matter 
for  regret  that,  with  all  these  opportunities,  a  comparatively  small  number 
of  students  are  ranked  as  advanced.  The  explanations  oflered  are  many, 
but  probably  a  very  adverse  effect  on  the  study  is  produced  by  the  paucity 
of  the  positions  to  which  a  thorough  economic  study  can  serve  sls  an  intro- 
duction. Teaching  posts  are  few,  and  the  requirements  in  the  State 
examinations  for  the  legal  and  administrative  services  are,  if  not  as  in 
many  cases  nominal,  strictly  limited  to  an  elementary  knowledge. 
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In  some  of  the  technical  schook,  and  in  all  the  schools  of  commerce, 
instruction  in  some  branch  of  Economics  forms  part  of  the  regular  course, 
and,  in  these  latter,  an  examination  is  held.  In  the  former,  however,  the 
subjects  thus  taught  are  distinctly  subordinated  to  the  technical  sciences, 
which  occupy  the  chief  attention  of  the  students,  while  in  the  schools  of 
commerce  only  those  branches  receive  adequate  treatmtot  which  bear  or 
appear  likely  to  bear  upon  commerce  in  its  practical  aspects. 

HOLLAND. 

The  connection  between  the  universities  and  the  legal  profession  is 
close  in  Holland,  none  but  doctors  of  jurisprudence  being  qualified  to 
practise  as  advocates.  This  is  a  circumstance  which  has  a  material  effect 
upon  the  study  of  Economics,  inasmuch  as  this,  in  its  more  elementary 
branches,  forms  one  of  the  obligatory  subjects  of  the  first  examination  for 
the  degree.  Thus,  so  far  as  this  one  profession  is  concerned,  a  certain 
knowledge  of  Economics  is  necessitated. 

In  the  higher  administrative  service  no  such  knowledge  is  obligatory, 
but  it  is  considered  that  officials  who  possess  the  degree  of  Doctor  of 
Political  Science  have  better  chances  of  promotion.  For  this  degree  a 
thorough  study  of  Economics  is  required.  In  certain  other  Government 
services  demand  is  made  for  acquaintance  with  certain  branches  of  the 
subject.  In  the  examinations  for  the  consular  service  the  *  General 
Principles  of  Economics '  and  the  '  Elements  of  Statistics,'  chiefly  with 
regard  to  trade  and  shipping,  form  subjects  of  examination*  A  similar 
knowledge  is  required  for  the  diplomatic  service.  In  none  of  these  cases, 
it  should  be  noted,  is  attendance  at  specified  courses  compulsory.  The 
subject  forms  part  of  the  examination. 

The  requirements  indicated  above  explain  to  some  extent  the  position 
which  Economics  occupies  in  the  four  Dutch  universities.  It  is  a  neces- 
sary subject  for  two  degrees — the  doctorate  in  laws  and  the  doctorate  in 
political  science.  But  the  nature  of  the  knowledge  required  differs 
greatly.  In  the  former  it  is  elementary,  not  going  beyond  the  first 
principles  of  the  theory,  while  in  the  latter  case  the  examination  necessi- 
tates a  really  careful  and  detailed  study.  In  addition  to  the  general 
course  of  lectures  taken  by  all,  candidates  for  this  latter  distinction 
usually  attend  two  other  courses,  one  in  capita  selecta  (taxation,  finance, 
socialism,  dzc),  and  another  in  statistics.  These  courses,  unlike  those  at 
German  universities,  extend  throughout  the  academic  year — i.e.  from 
September  to  July.  For  advanced  students  discussion  classes  are  held, 
where  the  students,  after  a  previous  study  of  a  chosen  subject,  meet  to 
discuss  it  among  themselves  and  with  the  profess  r ..  Before  proceeding 
to  the  degree  of  Doctor  a  candidate  has  to  write,  and  afterwards  to 
defend,  a  dissertation  on  some  branch  of  the  general  science  which  he  has 
taken  up.  Thus,  in  the  case  of  political  science,  the  thesis  may  be  on 
some  economic  question.  Outside  the  universities  the  chief  study  of 
Economics  takes  place  in  the  intermediate  schools,  where,  during  the 
fourth  and  fifth  years  of  the  five  years'  curriculum,  it  is  taught  for  two 
hours  weekly  by  a  Doctor  of  Political  Science,  or  by  another  teacher  duly 
qualified  by  a  special  examination.  At  the  Polytechnic  at  Delft  there 
is  a  chair  of  Economics,  but  neither  is  attendance  at  the  course  obligatory, 
nor  does  it  form  one  of  the  subjects  of  examination. 
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BRLGIUM. 

By  the  Law  of  1890,  which  pro-ides  the  regulation  for  higher 
instruction,  political  economy  is  made  obligatory  for  the  attainment  of 
the  degree  of  Doctor  of  Laws,  a  distinction  proving  a  professional  qualifi- 
cation,  and  for  the  grade  of  engineer,  the  course  for  the  former  involving 
some  forty-five  lectures,  that  for  the  latter  some  fifteen.  In  both  cases 
the  subject  is  taken  in  the  earlier  years  of  study.  Students  training  for 
these  professions  would  appear  to  form  the  great  bulk  of  those  attending 
economic  lectures  at  the  universities.  In  neither  case  can  the  course  be 
Baid  to  furnish  more  than  elementary  instruction. 

The  universities  have  made  provision  outside  these  State  requirements 
for  more  advanced  students.  The  candidates  for  the  degree  of  Doctor 
of  Political  Science  have  to  show  a  more  thorough  acquaintance  with 
economic  subjects.  At  the  University  of  Ghent  the  course  which  is 
provided  for  them  is  considerably  longer ;  still  more  stringent  regulations 
prevail  at  the  University  of  Louvain  for  the  degree  of  'docteur  en 
sciences  politiques  et  sociales.'  The  important  regulations  are  as 
follows  :  — 

Abt.  5. 

Poor  etre  admis  k  r^preuve  da  doctorat  il  fant : 

(a)  Avoir  acquis  depuis  nne  ann6e  au  moins  le  grade  de  docteur  en  droit. 

{b)  Avoir  pris  une  inscription  g6n6rale  aux  coors  du  doctorat  en  sciences 
politiques  et  sociales  et  avoir  suivi  les  cours  snr  lesqueli*  iporte  T^preuve. 

(0)  Presenter,  sous  I'approbation  da  president  de  T^cole,  an  travail  imprime  sur 
iin  sujet  rentrant  dans  le  cadre  du  doctorat. 

Abt.  7. 

L'epreuve  comprend  un  examen  oral  d'une  heure  et  demie.    Cet  examen  porte : — 

(a)  Sur  six  branches  port6es  comme  principales  au  programme  de  r:6cole. 

lb)  Sar  deux  branches  au  moins  choisies  parmi  celles  qui  sont  port6es  romme 
branches  libres  au  programme  de  I'^cole  ou — avec  Tautorisation  du  president  de 
r^cole — parmi  celles  qui  sont  port^es  au  programme  de  Tuniversit^. 

(0)  Sur  le  travail  pr6sent6  par  le  r6cipiendaire. 

The  list  of  lectures  for  the  two  years'  curriculum,  1892-3,  1893-4,  is 
as  follows  : — 

For  the  first  year — Histoire  parlementaire  de  la  Belgique  depuis  1830, 
la  legislation  ouvri^re  compart  ;  le  droit  public  compart  ;  de  la  neutralite 
de  la  Belgique  et  de  la  Suisse  ;  du  regime  l^gal  des  soci^t^  commerciales 
•en  droit  compart. 

For  the  second  year — Histoire  diplomatique  de  FEurope  depuis  le 
Gongr^  de  Vienne  ;  revolution  ^conomique  au  XIX*  si^le  ;  les  institu- 
tions de  la  France  et  de  TAllemagne ;  le  regime  colonial  et  la  legislation 
du  Congo ;  les  associations  en  droit  compart. 

Seminar  or  class  instruction  is  given  at  the  universities,  though  the 
f)articular  form  it  takes  varies  with  the  other  organisation  provided,  and 
the  character  of  the  students.  At  the  University  of  Ghent  a  class 
supplementary  to  the  lectures  is  formed,  where  discussion  takes  place ; 
at  Louvain  Professor  Brants  directs  a  *  cours  pratique,'  ^  the  members  of 
which  (some  dozen  in  number)  write  treatises,  discuss  economic  move- 
ments, and  make  excursions  to  centres  presenting  features  of  economic 
interest. 

*  Conference  d'llconomie  Sociale.    Bapport  snr  ses  travaoz,  189Ud2.    Louvain. 
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ITALY. 

Outside  the  universities  there  are  in  Italy  but  few  institutions  which 
give  much  instruction  in  Economics.    Though  courses  are  delivered  at  the 
superior  schools  of  commerce,  as,  for  instance,  at  Genoa,  Venice,  and 
Bari,  and  the  Polytechnic  School  of  Milan,  which  compare  in  their  nature 
with  those  existing  at  similar  places  in  Austria  and  Germany,  the  main 
aim  of  such  schools,  and  the  limited  extent  to  which  they  are  frequented, 
prevent  them  from    obtaining  any  control  over    the    development  of 
economic  teaching  in  the  country.     It  is,  then,  to  the  universities  that 
we  must  look  for  information  as  to  the  methods  chiefly  employed.     At 
them  Economics  is  studied  as  a  subsidiary  subject  to  law,  being  taken  by 
students  in  their  second  year.     There  are  three  courses  at  which  attend- 
ance, or,  to  speak  more  accurately,  inscription   is   obligatory  on  legal 
students.     In  the  case  of  the  three  obligatory  courses  the  attendance  is 
fairly  regular,  owing,  it  is  said,  to  the  combined  efiect  of  the  latitude 
allowed  in  the  teaching  of  the  subject  and  the  position  of  the  professor  as 
examiner.     Without  passing  the  economic  examinations  students  cannot 
attain  to  legal  degrees.     The  courses  are  those  in  Economic  Theoiy  and 
Administration,  Finance,  and  Statistics.     According  to  the  condition  of 
the  university  these  are  taught  by  the  same  or  different  teachers,  in  most 
cases  by  the  professors  who  are  appointed  and  paid  by  the  State.     In 
addition  to  these  courses  others  are  given  at  the  option  of  the  teachers, 
either  professors  or  docents.     The  attendance  at  these  is  not  good,  though 
in  many  cases  a  large  number  of  students  enter  themselves  as  a  mark  of 
courtesy  towards  the  lecturer.     It  costs  them  nothing,  as  they  pay  a 
compound  fee,  and  it  benefits  him  considerably  if  a  dooent,  as  he  receives 
from   the  State  a  payment  proportionate  to  the  number  of  students 
r^;istered  for  his  courses.     In  addition  to  the  examination,  a  candidate 
for  the  legal  degrees  presents  a  thesis  which  may,  and  not  infrequently 
doeS|  deal  with  some  economic  subject.^     The  study  of  Economics  is, 
moreover,   obligatory  on  students    seeking  the  higher  official  careers. 
Many  complaints  are  made  as  to  the  position  occupied  by  economic 
studies  in  Italy.     Their  connection  with  law  creates  no  doubt  a  certain 
and  a  large  audience  in  the  lecture  room  ;  but,  as  one  Italian  professor 
points  out,  students  do  not  remain  there  long  enough  to  acquire  anything 
like  a  sufficient  knowledge  of  the  subject.    They  come  from  the  schools 
wholly  unprepared,  and  they  leave  the  university  without  having  under- 
gone a  training  thorough  enough  to  counterbalance  the  loose  economic 
notions  gathered  from  their  more  diligent  study  of  the  newspapers.    The 
study  of  economic  facts  does  not  seem  to  have  had  sufficient  place  in  the 
universities  of  Italy.     Attempts  are  now  being  made  to  remedy  this 
defect  by  the  formation  of  discussion  societies  among  the  students  of 
Economics,  and  the  encouragement  of  research  into  statistical  and  similar 
questions. 

At  the  minor  technical  schools  lectures  are  delivered  on  Elementary 
Economics,  Finance,  and  Statistics. 

*  Professor  TuUio  Martello  calculates  that  at  the  University  of  Bologna  some 
15  per  cent,  of  those  gradnating  in  Law  present  a  thesis  dealing  with  Sconomics. 
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RUSSIA. 

The  conditions  under  which  Economics  is  taiight  in  Rassia  bear  a 
superficial  resemblance  to  those  prevalent  in  the  Latin  countries,  where  it 
is  annexed  to  the  study  of  law,  and  pursued  very  much  as  a  subject  of 
secondary  importance.  Here,  too,  it  forms  part  of  the  regular  training 
through  which  a  jurist  must  pass  in  his  four  years'  curriculum.  There  are 
three  economic  courses  which  he  must  attend,  and  in  the  subject-matter 
of  which  he  must  display  sufficient  knowledge  in  the  May  State  examina- 
tions. These  are  on  Economic  Theory,  Statistics,  &c,,  and  Finance.  In 
addition  to  formal  lectures,  the  professors  in  charge  of  the  subject  may, 
and  sometimes  do,  organise  classes,  discussion  societies,  or  seminars, 
though  attendance  at  these  is  not  obligatory. 

The  provision  for  further  and  more  detailed  study  is  considerable. 
A  student  who  has  finished  his  law  studies  with  a  diploma  of  the  first 
degree  can  remain  in  the  university,  if  he  wishes,  for  more  special  research  in 
one  or  other  subject  (Roman  Law,  Political  Economy,  Private  Law,  Financial 
Law,  &c.),  under  the  supervision  of  the  special  professor  or  professors.  Such 
a  student  is  examined,  and,  if  successful,  obtains  the  title  of  Magistrandas 
of  the  subject  in  question.  Then  he  must  present  a  dissertation  and 
defend  it,  after  which  he  obtains  the  degree  of  Magister.  After  a  second 
dissertation  and  disputation  ho  attains  the  higher  degree  of  Doctor  of  his 
special  subject. 

UNITED  STATES  OF  AMERICA. 

The  conditions  under  which  the  study  of  Economics  is  carried  on  in 
the  United  States  of  America  are  widely  different  from  those  which  pre- 
vail in  the  countries  of  Continental  Europe.  On  the  one  hand,  there  is  no 
inducement  held  out  to  students  by  its  inclusion  among  the  subjects  of 
State  or  professional  examinations.  On  the  other,  there  is  evidence  in  the 
importance  which  such  subjects  have  assumed  at  the  universities  and 
colleges  of  a  strong  public  sentiment  in  favour  of  their  careful  study  fer 
exceeding  that  in  existence  either  in  these  countries  or  in  the  United 
Kingdom.  In  one  respect  the  regulations  of  the  colleges  have  had  an 
important  effect,  independent  of  the  action  which  they  have  taken  in  re- 
spect of  the  strong  public  demand.  Owing  to  the  freedom  of  the  students 
in  most  of  these  institutions  from  prescribed  and  compulsory  courses  of 
study  in  most  stages  of  their  career,  Economics  has  escaped  being  rele- 
gated, as,  for  instance,  in  England,  to  the  position  of  a  subject  outside  the 
usual  curriculum,  and  optional  only  in  some  one  or,  perhaps,  two  stages. 
Where  such  prescription  does  exist  it  is  not  deemed  a  subject  necessarily 
unfit  to  form  part  of  a  compulsory  general  course.  Its  inclusion,  to  some 
extent^  would  probably  be  demanded  by  the  strong  public  opinion  which 
has  grown  up  during  the  past  twenty  years. 

The  causes  of  the  popularity  of  Economics  are  stated  with  fair  unani- 
mity by  various  writers,  though  their  respective  importance  is  very 
differently  estimated.  In  the  first  place,  the  very  novelty  of  economic 
studies  is  itself  in  favour  of  their  ardent  prosecution.  Till  comparatively 
recently,  it  has  been  said  till  between  1870  and  1880,  they  were  disre- 
garded because  unknown.  Now  they  are  seized,  studied,  and  followed 
because  they  offer,  or  seem  to  offer,  an  explanation  of  the  vast  and  corn- 
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plex  economic  condition  which  is  in  process  of  rapid  evolution  in  this 
country — at  once  so  great  and  so  new.  So,  too,  in  England  some  half- 
century  back  or  more  the  theories  of  the  economists  of  that  time  were 
received  by  large  numbers  as  an  intellectual  gospel.  But  in  the  next  place 
the  circumstances  attending  this  'novelty'  of  study  have  considerable 
consequences.  That  the  study  of  Economics  is  a  novel  study  is  important, 
but  it  is  of  equal  importance  that  it  is  novel  at  the  present  time  and  under 
present  conditions.  The  American  economists  have  not  to  shake  off  the 
half-uttered,  half -silent  opprobrium  attached  to  their  subject  through  the 
action  of  the  more  numerous  though  less  conspicuous  of  their  predecessors 
in  their  rigid  adherence  to  incomplete  or  ill-founded  theories.  They  arc 
fortunate  in  entering  upon  their  teaching  at  a  time  when  the  need  of  in- 
ductive inquiry  and  training  is  more  fully  recognised.  This  gives  a 
more  systematic  aspect  to  the  economic  instruction  demanded  from  them 
than  was  the  case  in  England.  In  the  third  place,  the  campaign  in 
favour  of  civil  service  and  tariff  reform  has  drawn  a  great  d^  of 
attention  to  those  departments  which  deal  with  finance  and  the  more 
prominent  aspects  of  political  life.  Lastly,  it  is  urged  that  the  political 
eagerness  which  so  largely  affects  the  younger  generation  of  Americans 
combines  with  the  foregoing  to  crowd  the  economic  lecture  rooms  with 
anxious  and  willing  students.  Economics  is  needed  by  politicians,  and 
'  we  are  all  politicians,'  writes  one  professor ;  it  is  needed  by  journalists 
botii  because  they  are  keen  for  political  knowledge  themselves  and 
because  they  write  for  politicians. 

The  same  causes  which  stimulate  economic  students  have  often  led  to 
its  connection  with  political  science,  with  history,  and  in  some  instances 
with  general  sociology. 

B^tums  from  several  of  the  universities  show  the  large  number  of 
students  who  attend  economic  lectures,  and  the  comparatively  laz^  number 
who  pass  into  advanced  courses.  The  universities  differ  so  much  among  them- 
selves that  no  common  standard  of  teaching  exists.  In  some  the  elementary 
courses  are  very  elementary,  in  others  more  thorough  than  might  be  con- 
cluded from  the  name.     Thus  at  Harvard  these  include  a  study  of  Mill's 

*  Principles  of  Political  Economy,'  lectures  on  general  theory,  or  on  what  is 
termed  Descriptive  Economics,  including  a  sur\'ey  of  financial  legislation  ; 
while  in  addition  a  course  is  provided  on  the  Economic  History  of  England 
and  America  since  the  Seven  Years'  War.  In  some  cases  a  sreat  part  of 
the  junior  work  consists  in  the  use  of  text-books,  and  proceeds  rather  by 
class  instruction  and  interrogation  than  by  lecture.  Turning  to  the  con- 
sideration of  the  courses  organised  for  the  more  advanced  students,  it  is 
highly  satisfactory  to  note  the  very  considerable  proportion  which  these 
form  of  the  total  number  engaged  in  economic  study.  According  to  the 
information  collected  from  various  quarters,  at  Harvard  they  amount  to 
some  38  per  cent.,  at  Columbia  College  to  41  per  cent.,  at  Cornell  to 
26  per  cent.  At  some  others  they  do  not  present  so  favourable  an  appear- 
ance, though  at  Michigan  I  am  informed  that  the  twenty  returned  as 

*  advanced  consist  entirely  of  very  advanced  students,  all  the  others 
being  included  under  the  heading  of  elementary.  No  doubt  students 
described  as  advanced  at  one  institution  may  not  be  so  regarded  at  others, 
for,  as  has  been  already  suggested,  these  vary  very  greatly  as  regards  both 
their  courses  and  the  attainments  of  their  students.  With  regard  to  the 
former,  those  provided  at  some  of  the  better  known  and  more  highly 
developed  and  equipped  universities  afford  a  description  of  the  nature  of 
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the  training  offered  in  the  United  States.     At  Harvard  the  advanced 
couraeB  for  the  year  1892-93  are  as  follows  : — 

FuU  courses — 

Economy  Theory — Examination  of  Selections  from  leading  writers. 
The  Principles  of  Sociology — Development  of  the  Modem  State  and 

its  Social  Functions. 
The  Social  and  Economic  Condition  of  Working  Men  in  the  United 

States  and  in  other  Countries. 
The  Economic  History  of  Europe  and  America,  to  1763. 

Half  courses — 

History  of  Tariff  Legislation  in  the  United  States. 

Railway  Transportation. 

The  Theory  and  Methods  of  Taxation. 

History  of  Economic  Theory  down  to  Adam  Smith. 

History  of  Financial  Legislation  in  the  United  States. 

At  Columbia  College  the  courses  are  as  follows  : — 

Elements  of  Political  Economy. 

Historical  and  Practical  Economics. 

History  of  Economic  Theories. 

Science  of  Finance. 

Science  of  Statistics. 

Railway  Problems. 

Financial  History  of  the  United  States. 

Tariff  and  Industrial  History  of  the  United  States. 

Communism  and  Socialism. 

Taxation  and  Distribution. 

Sociology. 

At  Cornell  the  lectures  which  succeed  the  purely  elementary  ones  are 
not  quite  so  full,  but  consist  of  courses  on — 

Economic  Reforms. 

Finance. 

Economic  Legislation. 

Statistics.- 

Economic  History. 

Financial  History  of  the  United  States. 

There  are  few  universities  which  do  not  offer  some  courses  beyond 
these  on  elementary  theory  and  history.  As  a  rule,  finance  and  some 
other  branch  of  Applied  Economics  are  added.  Where  graduate  schools 
have  been  established,  as,  for  instance,  at  Harvard  and  at  Michigan,  the 
study  proceeds  very  much  on  the  lines  indicated  above,  so  far  as  the 
former  is  concerned.  At  Michigan,  the  advanced  courses  are  distinguished 
into  intermediate  and  graduate.  Intermediate  courses  treat  of  the  follow- 
ing : — The  Transportation  Problem.  Principles  of  the  Science  of  Finance. 
Theory  of  Statistics.  History  and  Principles  of  Currency  and  Banking. 
History  of  the  Tariff  in  the  United  States.  History  and  Theory  of  Land 
Tenure  and  Agrarian  Movements.  Industrial  and  Commercial  Develop- 
ment of  the  United  States.  History  and  Theory  of  Socialism  and  Com- 
munism.    History  of  Political  Economy.     Graduate  courses  :— Critical 
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Analysis  of  Economic  Thought     Critical  Examination  of  the  Labour 
Problem  and  the  Monopoly  Problem. 

Most  universities  have,  in  addition,  established  seminars,  where  study 
proceeds  on  the  lines  with  which  Continental  students  are  familiar.  In- 
dividual members,  in  most  instances  graduates,  and  all  advanced  students, 
undertake  particular  subjects,  on  which  they  prepare  reports  or  treatises 
to  be  read  and  discussed  at  the  weekly  meeting.  During  their  researches 
they  are  more  or  less  under  the  direction  of  the  professor  or  teacher  who 
undertakes  the  courses  in  connection  with  the  department  of  Economics 
under  which  their  subject  falls.  At  Yale  there  are  two  seminaries  and 
one  discussion  society  ;  at  Columbia  College  there  is  one  for  students 
who  have  studied  only  one  year,  two  (in  Economics  and  Finance)  for 
those  who  are  more  advanced.  The  value  of  the  work  produced  differs, 
of  course,  with  the  character  of  the  university.  At  Harvard  and  the  other 
more  highly  developed  universities  it  is  naturally  very  high. 

In  certain  other  countries  the  attention  given  to  the  subject  o£ 
Economics  demands  for  different  reasons  less  detailed  notice.  In  some 
instances  the  resemblance  to  countries  already  described  renders  further 
description  superfluous  ;  in  others  the  geographical  limitations  of  the 
country,  or  the  comparative  absence  of  opportunities  for  such  special 
branches  of  the  higher  education,  necessitate  a  much  slighter  notice  than 
that  given  to  the  foregoing  countries. 

In  Spain  the  connection  between  economic  and  legal  studies  is  very 
simUar  to  that  existing  in  Italy.  Students  of  the  first  and  second  year 
attend  courses  in  Economics  and  Finance,  Statistics  being  apparently 
nowhere  insisted  upon.  At  some  of  the  universities  an  attempt  is  made 
to  supplement  these  elementary  courses  by  conferences  and  by  visits,  both 
to  industrial  undertakings,  as  Stories,  mines,  <&c.,  and  to  financial 
establishments,  as  banks  ;  while  the  introduction  of  sociological  institutes 
or  seminars  is  looked  for  at  others,  as,  for  instance,  at  Oviedo. 

lu  Sweden  '  there  are  two  professors  of  Political  Economy,  one  at  the 
University  of  Upsala,  one  at  the  University  of  Lund,  both  belonging  to  the 
Faculty  of  Law,  and  teaching  in  addition  to  Political  Economy  some 
purely  juridical  subjects.  There  are  also  two  professors  in  Politics  and 
Statistics,  one  at  Upsala,  one  at  Lund,  both  belonging  to  the  Faculty  of 
Arts,  and  teaching  at  their  discretion  Public  Law,  either  Swedish  or 
foreign,  and  Statistics./  *  The  two  professors  of  Political  Economy  in  the 
Faculty  of  Law  have  to  prepare  and  examine  all  the  students  who  go  in 
for  the  State  examinations  for  entrance  to  the  different  branches  of  the 
civil  service.  But  as  Political  Economy  possesses  very  little  importance 
in  any  of  the  three  forms  of  these  examinations,  as  compared  with  Juris- 
prudence,' little  stress  is  laid  on  its  study  in  this  faculty.  Of  the  two 
other  professors,  one  (at  Upsala)  lectures  chiefly  on  Politics,  the  other  on 
Statistics,  both  these  studies  being  optional  for  the  two  Arts  degrees.  The 
theory  of  Political  Economy  is  not  taught.  Seminar  instruction  is  ar- 
ranged to  supplement  that  given  in  the  lecture  courses. 

In  Norway,  at  the  University  of  Christiania,  the  system  is  nearly 
identical  with  that  of  Sweden.  There,  too,  it  is  found  that,  owing  to  the 
complete  subordination  of  Economics  to  Law,  the  knowledge  required  ia 
elementcury  in  character. 

The  same  impulses  which  direct  the  attention  of  young  Americana 
to  the  study  of  Economics  are  felt  in  Canada.    At  the  University  of 
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Toronto  the  importance  attached  to  such  studies  is  adequately  shown  by 
the  large  attendances  present  at  the  several  courses.  These  courses  are 
carefully  arranged  and  graduated  so  as  to  furni^  the  student  with  a 
sound  knowledge  of  the  various  branches  of  the  subject,  and  to  fit  him  to 
undertake,  as  he  is  expected  to  do  in  his  latter  years,  research  into  some 
branch  of  economic  ia^t. 

In  Switzerland,  the  position  held  by  economic  studies  is,  on  the  whole, 
at  least  as  favourable  as  that  in  the  southern  countries  of  Germany.  A 
knowledge  of  Economics  is  obligatoiy  on  those  entering  the  legal  profession, 
while,  owing  to  the  arrangements  made,  the  duty  of  examining  the  can- 
didates may,  and  in  practice,  I  believe,  does  fall  largely  on  the  university 
professors.  Moreover,  in  the  university  curricula,  the  place  of  Economics, 
80  &r  as  Berne  is  concerned,  is  very  fortunate.  True,  the  subject  is 
optional,  as  indeed  are  all  subjects  for  the  doctorate,  but  it  may  be 
taken  for  either  the  legal  or  the  philosophical  doctorate  (Dr.  Juris  or  Dr. 
Phil.).  At  the  Zurich  Polytechnicon  it  is  taught,  being  obligatory  in 
some  form  or  other  for  the  diplomas  of  Forestry  and  Agriculture.  In  addition 
there  is  a  fair  voluntary  attendance  at  these  lectures.  The  system  of 
instruction  presents  no  features  requiring  particular  notice.  The  chief 
courses  are  on  National  Economy  and  Finance,  with  the  frequent  addition 
of  Practical  Economics.  These  are  supplemented  by  special  courses  at 
the  option  of  the  teacher,  and  by  the  seminar. 


APPENDIX  IL 

On  Economic  Studies  in  France,     By  Henrt  Higgs. 

Economic  teaching  in  France,  so  far  as  it  consists  of  lectures  regularly 
delivered  at  the  same  place  by  the  same  person,  is  to  be  looked  for  in — 

(i.)  The  ColUge  de  France^  Paris ; 
^ii.)  The  Conservatoire  dee  Arts  et  Metiers,  Paris; 

(liL)  The  University  de  France,  consisting  of  the  aggregate  of  local 
*'  universities,'  or  faculties  officially  recognised,  in  Paris  and  the 
provinces ; 

(iv.)  The  free  or  unofficial  faculties  and  schools  in  Paris  and  the  pro- 
vinces, including  all  the  Catholic  '  universities '  (which  cannot 
come  to  terms  with  the  State  on  the  question  of  the  faculty  of 
theology),  the  JScole  Libre  des  Scietices  Folitiqties^  Paris,  and 
others. 

A  certain  amount  of  economic  instruction  is  also  imparted  in  the 
ilcoles  supMeures  dii  Commercej  generally  endowed  by  the  municipalities 
of  commercial  towns.  Elementary  notions  of  Economics  are  officially 
prescribed  as  part  of  the  programme  of  elementary  schools. 

(L)  It  is  at  the  College  de  France  that  one  expects  to  find  leading 
teadiers  of  Economics  in  France.  The  traditions  of  its  chair  (which 
was  founded  in  1830),  and  the  authority  vested  in  its  occupants, 
added  to  the  attractions  of  a  scientific  post  in  Paris,  have  been  a  sufficient 
inducement  for  the  most  eminent  economists  to  offer  themselves  for 
appointment  here.     The  stimulus  of  contact  with  growing,  vigorous,  and 


Digitized  by  VjOOQIC 


ON  ECONOMIC  TRAINING  IN  THIS  AND   OTHER  COUNTRIES.        385 

inquiring  minds  is  not,  however,  afforded  to  the  professors,  and  they  have 
to  fight  against  a  tendency  to  fall  into  prosy  sermons  and  easy  repetitions 
of  old  theory.  No  fees  are  charged  to  the  students,  nor  is  any  record  kept 
of  their  names  unless  they  wish  to  obtain  certificates.  The  lectures  are 
delivered  twice  a  week  (two  on  Economics  by  M.  Leroy-Beaulieu,  and  two 
on  Statistics  by  M.  Levasseur),  in  the  afternoons.  The  auditors  are  for 
the  most  part  a  casual  collection  of  shifting  persons,  of  whom  many  are 
foreigners  passing  through  Paris,  who  attend  once  or  twice  out  of  curiosity 
to  see  the  lecturer.  There  is  no  discussion  either  during  or  after  the 
lectures.  The  professors  are  paid  a  fixed  stipend  by  the  State.  They 
appear  to  regard  their  lectures  in  the  main  as  vehicles  for  the  dissemina- 
tion of  generally  received  economic  theory.  So  far,  however,  as  they 
employ  their  leisure  in  prosecuting  original  research,  their  stipends  may 
be  regarded  as  an  endowment  for  the  advancement  of  Economics.  Their 
personal  examples  are  stimulating.  It  would  be  difficult  to  mention  two 
more  active  economists  in  Europe.  But  in  their  lectures  they  are  perhaps 
too  dogmatic  to  supply  students  with  the  zest  of  grappling  with '  unsettled 
questions,'  or  with  the  incentive  to  enlarge,  however  little,  the  bounds  of 
knowledge  by  pointing  out  to  their  hearers  the  frontiers  of  ignorance 
which  are  often  in  sight. 

(ii.)  The  oldest  chair  of  Political  Economy  is  in  the  Conservatoire  des 
Arts  et  Jd^ierSy  and  was  first  filled,  in  1819,  by  J.  B.  Say.  The  instruction 
now  given  here  is  of  a  more  popular  character,  consisting  of  lectures 
addressed  to  the  working  classes  at  a  late  hour  of  the  evening.  M.  Levas- 
seur  delivers  a  five-year  cycle  of  about  fifty  lectures  a  year  on  Economics, 
and  M.  de  Foville  a  four-year  cycle  on  Industry  and  Statistics.  There  ar» 
on  the  average  from  300  to  400  auditors.  They  pay  no  fees.  The  pro- 
fessors are  appointed  and  paid  by  the  Government. 

(iii.)  By  a  law  passed  in  1877  Economics  was  for  the  first  time  officially 
incorporated  into  the  organisation  of  higher  education  in  France,  by  being 
made  an  obligatory  subject  in  the  second  year's  studies  of  the  faculties  of 
law.  Economics  in  France  lias,  it  is  said,  laboured  under  the  disadvantage 
of  offering  no  opening  for  a  career.  On  the  other  hand,  the  youth  of  the 
country  fiock  to  the  schools  of  law,  for  to  lawyers  all  careers  are  open — 
pob'tics,  journalism,  literature,  education,  legal  practice,  and  many  official 
appointments.  The  professor  of  Law  is  overworked,  and  the  professor  of 
Economics  underworked.  The  faculty  of  Law,  therefore,  generally  expects 
of  its  professor  of  Economics  that  he  shall  be  able  to  help  in  legal  instruc- 
tion and  examinations  ;  and  there  has  been  a  tendency  to  select  a  lawyer 
rather  than  an  economist  for  these  chairs.  This  reproach,  however,  is 
rapidly  being  removed,  and  the  new  professors  of  Economics  are  in  many 
cases  vigorous  and  promising  in  their  proper  spheres.  Economics  has 
recently  been  transferred  from  the  second  to  the  first  year's  programme. 
The  law  students  aro  said  to  show  a  better  intelligence  of  law  now  that 
they  also  study  Economics.  It  can  hardly  yet  be  stated  what  effect  this 
organisation  will  produce  on  Economics  itself. 

In  addition  to  this  obligatory  study.  Economics  may  be  taken  as  one  of 
the  eight  optional  courses  at  a  later  period  of  preparation  in  the  Law 
faculties.  For  this  purpose  there  is  generally  a  special  course  of  lecturrs 
on  Finance,  in  which  financial  legislation  is  a  prominent  topic ;  but  the 
option  in  favour  of  Economics  is  not  much  exercised. 

The  professors  and  lecturers  in  Economics  and  (in  italics)  in  Finance 
in  the  official  faculties  of  Law  are  as  follows  : — 

1894.  ^cc 
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Paris  .  MH.  Beauregard,  Alglave,  and  Dueroog;  Femand  Faare  (Statistics);  Planiol 
(iDdustrial  Legislation);  Marou^sem  (Monographs). 


Aix     .  M.  Perreau. 

Bordeaux  .     MM.  St.  Marc,cte  ^tftfrA. 

Caen    .  .MM.  Villey,  Lebret. 
Bijon  .  MM.  Mongin,  Luoat. 

6frmoble  .     MM.  Rambaad,  Wahl. 

Lille  .MM.  Deschamps,  Artujf. 


Lyons  • 
Mnntpellier . 
Nancy  . 
PoUiert 
Rennes 
Toulotae 


MM.  Rougier,  BoHkiUmy, 

MM.  Gide,  (Blaise. 

M.  Garnier. 

MM.  Bassonnet,  Petit. 

MM.  Targeon,  f^harreau, 

M.  ArnaalC. 


There  are  also  at  Montpellier  lectures  on  iodastrial  legislation  bj  J/.  Lahorde. 

(iv.)  The  position  of  the  Catholic  '  universities '  has  already  been 
referred  to.  While  following  the  lead  of  the  State  in  associating  Economics 
with  Law,  they  have  the  advantage  of  recruiting  among  their  students  a 
large  number  of  those  who  desire  to  enter  the  Church  with  a  training  in 
economic  science  as  an  aid  to  the  study  of  social  problems.  The  respective 
professors  are  MM.  Jannet  (Paris),  Baugas  (Angers),  B^haud  (Lille), 
Ram  baud  (Lyons),  and  Peyron  (Marseilles). 

The  £cole  Libre  des  Sciences  FolitiqueSj  Paris,  directed  by  M.  Boutmy, 
is  perhaps  the  most  hopeful  academic  institution  in  France  for  the  promo- 
tion of  economic  study.  Lectures  are  given  by  MM.  Cheysson  (Economics); 
Stourm,  Dubois  de  Lestang,  PlafBn,  Courtin  (Finance) ;  Levasseur  (Sta- 
tistics) ;  Dunoyer  (History  of  Economics  since  Adam  Smith) ;  Amaun^ 
(Foreign  Trade  and  Customs  Laws)  ;  L^vy  (Banking) ;  P.  Leroy-Beaulien 
(Colonial  Systems)  ;  Paulet  (Industrial  Legislation) ;  and  Guieysse  (In- 
dustrial Problems).  In  addition  to  these  lectures,  which  are  well  attended 
by  paying  students,  there  are  discussions  and  classes  for  original  work  on 
the  seminar  plan.  Travelling  scholarships  are  also  given,  and  excellent 
work  is  done,  to  which  the  general  scheme  of  instruction  largely  contri- 
butes. The  primary  function  of  the  school  is  the  thorough  intellectual 
equipment  of  young  officials  for  the  State.  Foreign  languages,  travel,  and 
comparative  study  of  laws  and  social  institutions  are  encouraged,  together 
with  an  intelligent  interest  in  histoiy  and  politics.  The  personal  assist- 
ance rendered  to  individual  students  by  the  professors,  the  seminar,  and 
the  scholarships,  the  comprehensive  breadth  of  view,  and  the  rigid  impar- 
tiality of  this  school  are,  as  yet,  unique  in  France. 

Other  economic  lectures  in  Paris  which  require  mention  are  those  of 
M.  Colson,  at  the  JScole  NaiicmaU  des  Ponta  et  Chauss^es  (where  the 
Government  non-military  engineers  and  road  surveyors  are  trained),  of 
M.  Cheysson  at  the  £cole  nationals  des  Mines  (also  under  Government), 
of  M.  F.  Passy  at  the  £cole  des  Hautes  £tttdes  dcmmerciales  (endowed  by 
the  municipality),  of  M.  ij^mile  Chevallier,  d^c.  Lectures  (by  M.  Gu^rin) 
are  organised  by  the  Soci^td  d'£conomie  Sociale,  founded  by  Le  Play. 
M.  Demolins,  the  leader  of  a  secession  from  this  school,  also  delivers  a 
course  of  lectures.  There  is,  on  the  whole,  too  much  diffusion  of  separate 
economic  lectures  in  Paris. 

An  impressive  plea  has  lately  been  published  by  M.  ChaiUey-Bert  for 
the  recognition  of  distinct  economic  faculties,  and  for  such  endowments  as 
will  spare  professors  from  the  need  of  spending  their  time  and  brains  upon 
accessory  sources  of  income. 
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APPENDIX  III. 

On  Hie  Condition  of  Economic  Stvdiea  in  the  United  Kingdom, 
By  E.  C.  K.  GoimER. 

Though  the  full  extent  of  the  disadvantages  under  which  economic 
study  in  this  country  suffers  can  only  be  realised  from  a  fairly  detailed 
Account  of  its  position  in  the  various  universities  and  with  relation  to 
certain  professions,  it  will  not  be  out  of  place  to  preface  this  report  with  a 
few  wonls  as  to  their  nature. 

(a)  In  the  tirst  place  it  is  a  matter  of  serious  concern  that  Economics 
is  not  regarded  as  a  necessary  part  of  any  professional  curriculum.  This 
particular  hardship,  however,  might  be  faced  with  comparative  equanimity 
were  there  existent  in  this  country,  as  for  instance  in  the  United  States 
of  America,  a  strong  body  of  popular  feeling  in  support  of  its  study  and 
its  efficient  teaching.  But,  despite  frequent  assertions  to  the  contraiy,  I 
believe,  and  in  this  I  sliall  have  the  concurrence  of  many  colleagues  engag^ 
in  teaching,  that  there  is  no  such  body  of  feeling.  Its  absence  has  been 
variously  accounted  for.  To  a  great  extent  it  is  no  doubt  part  of  the 
legacy  of  distrust  and  misunderstanding  due  to  the  false  view  of  Economics 
placed  before  a  former  generation,  and  it  will  probably  be  a  long  time 
before  the  popular  conception  of  an  economist  as  a  compound  of  text-book 
theoiy  and  ignorance  of  fact  can  be  entirely  dispelled. 

(6)  Owing  largely  to  the  early  prominence  of  the  abstract  school  of 
economic  thought  in  England,  the  position  which  the  subject  holds  in  the 
university  curricula  is  far  from  satisfactory.  It  is  often  treated  as  a  subject 
narrow  in  scope  and  subordinate — necessarily  and  naturally  subordinate — 
to  other  subjects.  But  this  is  by  no  means  the  position  which  it  should  hold, 
And  now  that  the  importance  of  the  studies  of  economic  fact  and  adminis- 
tration is  more  clearly  seen,  the  impossibility  of  effective  teaching  within 
the  prescribed  lines  has  become  glaringly  apparent.  At  present  indeed 
English  economic  teaching  is  without  a  regular  system.  It  is  usually  sup- 
posed that  prescribed  university  courses  should  offer  a  means  of  systematic 
training  in  the  various  subjects,  the  pass  courses  of  ordinary  training,  the 
honours  courses  of  advanced  and  thorough  training.  So  far  as  Economics 
is  concerned,  this  is  precisely  what  the  universities  do  not  provide.  With 
some  possible  exception  they  offer  at  the  present  time  little  more  than 
general  opportunities  of  showing  economic  knowledge  in  examinations 
primarily  devoted  to  other  subjects. 

In  the  United  Kingdom  the  encouragement  of  the  study  of  Economics 
rests  entirely  with  educational  bodies.  So  far  as  professional  examina- 
tions and  curricula  are  concerned  it  meet«  with  almost  universal  neglect. 
This  is  wholly  so  with  regard  to  the  examinations  qualifying  for  the 
practice  of  law,  either  as  barrister  or  solicitor,  and  partly  so  in  the  case  of 
the  Civil  Service  Examinations.  For  these  latter  Economics  may  be  taken 
up,  as  may  almost  any  other  subject  included  in  the  Sciences  and  Arts. 
It  is  not  recognised,  that  is  to  say,  as  more  cognate  to  the  administrative 
callings  for  which  these  examinations  qualify,  than  is  chemistry,  for 
instance  ;  indeed,  in  comparison  with  many  of  these  other  subjects  it  is  at 
a  discount  owing  to  the  smaller  maximum  of  marks  assigned  to  it.  In 
other  worJn,  it  is  excluded  from  the  legal  curriculum  ;    in  the   Civil 
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Service  Examinations  it  is  an  optional  but  not  an  important  subject. 
Elementary  Political  Economy  is  one  of  the  optional  subjects  in  the 
examination  for  chartered  accountants,  and  is  obligatory  on  candidates 
for  the  voluntary  examination  recently  instituted  by  the  Institute  of 
Bankers. 

At  the  universities  it  receives  an  insufficient  recognition  in  the  degree 
courses,  but  as  its  position  varies  a  great  deal  a  biief  summary  of  the 
usages  of  the  various  universities  with  regard  to  it  may  be  given. 
Degrees  are  granted  in  England  by  the  five  Universities  of  Oxford,  Cam- 
bridge, Durham,  London,  and  Victoria ;  in  Scotland  by  the  Universities 
of  Edinburgh,  Glasgow,  Aberdeen,  and  St.  Andrews  ;  in  Ireland  by 
Trinity  College  and  the  Royal  University  of  Ireland. 


ENGLAND. 

At  Oxford  it  is  an  optional  subject,  which  may  be  taken  up  as  one  of 
the  three  selected  subjects  for  the  pass  B.A.  degree.  As  studied  for  this 
examination  it  is  mainly  elementary  and  largely  theoretical,  many  of  the 
questions  relating  to  certain  prescribed  portions  of  the  works  of  Adam  Smith 
and  Walker.  To  pass  this  examination,  for  which  the  yearly  number 
of  candidates  presents  an  average  of  two  hundred,  demands  common- 
sense  and  a  fair  general  acquaintance  with  leading  economic  topics. 
A  paper  on  Economics  is  included  among  those  set  in  the  Honour  School 
of  Modern  History. 

At  Cambridge  the  position  occupied  by  Economics  in  the  university 
curricula  is  far  more  satisfactory.  In  some  shape  or  other  it  forms  part 
of  three  degree  examinations.  All  candidates  for  the  ordinary  pass  B.A., 
after  passing  the  general  examination,  have  to  take  up  a  special  subject 
for  their  concluding  study.  Of  these,  sixteen  in  all,  there  are  seven  Arts 
special  subjects,  one  of  which  is  Economics.  The  special  examination  in 
Economics  (Political  Economy)  consists  of  two  parts,  which  may  be  taken 
at  separate  times  : — 

Part  I. — Three  papers. 

Two  in  General  Economic  Theory. 
One  in  Economic  History. 

Part  II. — Three  papers. 

Two  in  Taxation  and  Economic  Functions  of  Government,  with 

History  of  Trade  and  Finance,  1760-1860. 
One  in  General  Theory  of  Law  and  Government. 

In  the  Moral  Science  Tripos  (Honour  B.A.)  there  are  six  obliga- 
tory papers,  two  being  assigned  to  Political  Economy,  whUe  in  addition 
advanced  Political  Economy  ranks  as  one  of  the  specified  subjects,  two 
of  which  must  be  passed  in  by  a  candidate  desirous  of  being  classed. 
Lastly,  in  the  Historical  Tripos  (Honour  B.A.),  one  paper  is  in  Economic 
History,  the  paper  on  general  History  of  England  also  being  supposed 
to  require  some  economic  knowledge.  Further,  candidates  who  desire  it 
may  take  Political  Economy  and  Theory  of  Government  with  International 
Law  as  an  alternative  to  the  study  of  a  second  special  subject.  Of  these 
iihree  examinations,  those  which  seem  most  satisfactory,  so  far  as  Econo- 
mics is  concerned,  are  the  special  for  the  pass  B.A.,  which  embraces 
at  once  the  four  important  branches  of  ^administrative,  theoretical,  his« 
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torical,  and  jfinancial  Economics,  and  the  Moral  Science  Tripoe  so  far  as 
that  part  is  concerned  which  affects  students  taking  up  advanced  Econo- 
mics. 

In  the  University  of  Durliam^  in  addition  to  the  obligatory  subjects, 
two  optional  subjects  have  to  be  chosen  by  candidates  for  the  degree. 
These  are  selected  out  of  a  number  of  subjects,  of  which  Economics  is 
one.     The  knowledge  required  is  not  of  an  advanced  nature. 

In  the  University  of  London  Economics  holds  no  position  but  the 
somewhat  unfortunate  one  of  a  subject  for  candidates  proceeding  from 
the  B.A.  to  the  M.A.  degree  in  Moral  Science,  a  position  which  at  once 
restricts  the  number  of  students  likely  to  study  it,  and  prevents  its 
study  from  extending  much  beyond  the  knowledge  of  general  theory. 
It  is  not  a  subject,  either  optional  or  obligatory,  at  any  other  examina- 
tion. 

In  the  Victoria  University  Economics,  comprising  Political  Economy 
and  Economic  History,  foi*ms  one  of  the  twelve  optional  subjects,  of 
which  two  have  to  be  selected  for  the  final  year  of  study  by  candidates 
for  the  pass  B.A.  degree,  the  two  other  subjects  being  more  or  less 
restricted.  Economic  Theory  or  History  may  also  be  taken  in  con- 
junction with  Modem  History  as  one  subject  by  candidates  who  wish, 
for  instance,  to  take  Modem  History  but  not  Ancient  History.  As, 
however,  nearly  all  the  other  subjects  are,  with  some  difference  of 
standard  or  period,  subjects  at  the  intermediate  or  second-year  ex- 
amination, in  some  instances  compulsory,  and  again  in  certain  cases 
subjects  at  the  final  examination,  the  study  of  Economics,  involving  as  it 
does  the  entry  of  the  student  upon  a  wholly  new  subject  during  his 
final  year,  is  naturally  discourageil.  Further,  Economic  Theory  (Political 
Economy),  like  any  other  Arts  or  Science  subject,  may,  by  permission,  be 
substituted  for  one  of  the  two  selected  general  subjects,  Ethics  or  Modem 
History,  at  the  intermediate  stage  of  the  Law  degree  (LL.B.).  A  course 
of  lectures  in  Political  Economy  has  to  be  attended  by  candidates  for 
the  Honours  degree  in  History.     It  is  not  a  subject  in  the  examination, 


SCOTLAND. 

By  the  regulations  of  the  Commission  applicable  to  all  Scotch  Univer- 
sities, Economics  holds  a  twofold  position. 

(a)  With  regard  to  the  ordinary  M.A.  examination,  it  is  one  of  the 
three  optional  subjects  which  have  to  be  selected  out  of  the  usual  Arts  and 
Science  subjects.  In  all,  seven  subjects  must  be  taken,  but  of  these  four 
are  more  or  less  prescribed.  The  course  which  must  be  attended  consists 
of  at  least  100  lectures. 

(6)  It  is  further  a  compulsory  subject  for  the  first  examination  for  the 
Agricultural  B.Sc.  In  this  case  the  knowledge  required  is  much  slightert 
and  naturally  much  more  closely  related  to  rural  economy. 


IRKLAND. 

At  Trinity  College  Economics  is  part  of  one  of  the  seven  groups  in 
which  the  Honour  degree  may  be  taken,  the  other  subjects  in  this  group 
being  History  and  Law.     All  candidates  for  the  Law  degree  must  be 


graduates  in  Arts,  but  not  necessarily  graduates  in  Honours,^or  if  m^ 
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Honours,  in  this  particular  group.     It  is  also  included  among  the  options 
for  the  pass  degree. 

In  the  Royal  University  of  Ireland  Economics  (Political  Economy)  is 
an  alternative  with  Ethics  in  one  of  the  three  groups,  one  of  which  must 
be  passed  by  candidates  for  the  ordinary  pass  B.A.  In  the  examinations 
for  the  Honour  degree  (B.A.)  it,  with  Civil  and  Constitutional  History 
and  General  Jurisprudence,  constitutes  one  of  the  six  groups  open  to  the 
student  It  holds  a  veiy  similar  position  in  the  examination  for  the  M.  A. 
degree. 

The  foregoing  account  shows  clearly  how  little  opportunity  is  given 
for  the  systematic  study  of  Economics  as  a  preliminaiy  to  degree  examina- 
tion, and  especially  in  the  case  of  Honours.  It  is  certainly  very  unfortunate 
that  an  able  student  anxious  to  graduate  in  Honours  is  almost  precluded 
from  devoting  a  large  amount  of  attention  to  the  study  of  Economics. 

In  face  of  this  tacit  discouragement,  so  far  as  examinations  are  con- 
cerned, the  provision  for  teaching  made  in  many  places  by  colleges  and 
universities  is  almost  a  matter  for  surprise.  At  both  Cambridge  and 
Oxford  it  is  satisfactory  in  all  but  one  respect.  It  is  varied  and  comprehen- 
sive, but — and  this  is  a  matter  of  regret — it  is  not  sufficiently  systematic. 
At  each  of  these  universities  there  is  a  professor  engaged  in  active  teaching, 
while  other  lecture  courses  are  provided  by  college  lecturers.  At  the 
universities  and  colleges  in  the  rest  of  England  the  provision  for  teaching 
is  of  necessity  less  complete.  At  those  best  equipped,  instruction  in 
Economics  depends  on  the  energy  and  vigour  of  a  single  teacher,  supple- 
mented, perhaps,  by  an  occasiojial  course  of  lectures  by  some  other 
economist ;  while  at  the  rest,  if  taught  at  all,  it  is  attached  to  the 
duties  of  a  teacher  principally  engaged  in,  and  probably  principally  in- 
terested in,  teaching  some  other  subject,  for,  as  a  general  rule,  the  teaching 
of  Economics  in  conjunction  with  some  other  subject  has  meant  little  more 
than  that  the  teacher  of  some  other  subject  has  had  to  give  a  course  of 
lectures  on  General  Economics.  At  two  of  the  three  colleges  of  the 
Victoria  University  Economics  has  separate  teachers —at  Liverpool  one 
holding  the  rank  of  professor,  at  Manchester  one  holding  that  of  a 
lecturer.  At  Leeds,  on  the  other  hand,  there  is  no  teacher  of  Economics. 
At  the  other  university  colleges  in  England  the  two  London  colleges 
possess  each  a  professor,  though  the  professor  at  King's  College  delivers 
Economic  lectures  only  during  the  six  winter  months.  At  the  University 
College,  Nottingham,  Economic  lectures  are  delivered  by  a  professor  at 
the  same  time  engaged  in  teaching  history  and  literature.  The  other 
colleges  (Birmingham,  Bristol,  Sheffield,  and  Newcastle)  at  present  make 
no  provision  for  teaching  a  subject  which  they  find  so  discounted  as  a 
subject  for  examination. 

In  Wales  two  of  the  University  Colleges  (Aberystwith  and  Cardiff) 
have  made  some  sort  of  provision  for  Economic  teaching  by  the  appoint- 
ment of  lecturers  in  H 'story  and  Political  Economy  ;  while  at  Bangor 
Economics  is  tacked  on  to  the  duties  of  the  Professor  of  Moral 
Philosophy. 

In  Scotland  there  is  a  fully  instituted  chair  of  Political  Economy  at 
the  University  of  Edinburgh,  and  measures  are  in  progress  for  the  endow- 
ment of  a  Professorship  at  Glasgow,  where  the  Economic  work  has  recently 
been  performed  by  a  lecturer  acting  as  assistant  to  the  Professor  of  Moral 
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Philosophy.     At  St.  Andrews  a  yearly  course  of  lectures  is  delivered  by 
the  Professor  of  Moral  Philosophy. 

In  Ireland,  at  Trinity  College,  Dublin,  there  is  a  Professorship  of 
Economics.  At  the  Queen's  Colleges  of  Belfast,  Cork,  and  Galway  this 
teaching  is  combined  with  that  of  Jurisprudence,  and  limited  to  a  very 
short  portion  of  the  year. 

Owing  to  the  great  differences  existing  between  the  courses  delivered 
at  the  various  institutions,  and  the  entirely  diverse  character  of  the 
respective  audiences,  it  is  impossible  to  give  any  satisfactory  statistics  of 
attendance.  From  most  quarters  come  complaints.  Indeed,  with  the 
two  possible  exceptions  of  Oxford  and  Cambridge,  it  is  difficult  to  imagine 
a  more  complete  indifference  to  the  scientific  study  of  Economics  than  that 
displayed  at  the  present  time. 

In  addition  to  lectures,  more  informal  instruction  is  often  imparted  to 
more  advanced  students,  but  the  formation  of  a  seminar  in  Economics  has 
been  undertaken  but  seldom,  if  at  all.  That  this  is  due  not  to  lack  of 
will  on  the  part  of  the  teachers  in  those  colleges  where  Economic  teach- 
ing is  entrusted  to  a  separate  teacher,  but  mainly  to  the  singular  deficiency 
in  advanced  or  even  moderately  advanced  students,  is  shown  by  the 
readiness  with  which  individual  instruction,  often  involving  much  sacrifice 
of  time,  is  given  to  such  students  when  they  do  present  themselves.  Such 
an  institution  can  be  successfully  introduced  only  when  Economic  studies 
are  so  recognised  as  to  be  able  to  attract  the  abler  students  in  a  university 
or  college. 

Attempts  to  develop  popular  Economic  instruction  by  means  of  even- 
ing classes,  and  separate  courses  of  lectures,  have  been  made  by  the 
university  colleges  and  other  institutions,  and  by  the  Societies  for  the 
Extension  of  University  Teaching ;  and  at  some  of  the  former  particular 
attention  has  been  paid  to  the  Economic  teaching,  noticeably  at  Owens 
College,  Manchester,  and  University  College,  Liverpool.  The  class  of 
students  attracted  to  these  lectures  may  be  spoken  of  very  favourably. 
From  the  reports  and  information  supplied  by  the  Societies,  it  would 
seem  that  though  the  attendance  at  Economic  courses,  when  given,  is 
good,  the  demand  for  them  is  not  very  great.  The  interest  shown  in  the 
subject  in  some  one  or  other  of  its  branches  is  said  to  be  reviving — cer- 
tainly to  be  greater  than  it  was  some  few  years  ago.  There  has  been  a 
decided  increase  in  the  demand  for  lectures  on  Economics,  and  subjects 
partially  economic,  during  the  last  two  years. 

Economic  studies  in  England  require  at  the  present  time  organisation 
and  encouragement.  As  to  the  ability  of  English  Economists  and  the 
quality  of  their  contributions  there  can  be  no  doubt ;  but,  when  compared 
with  Continental  countries,  England  is  sadly  lacking  in  the  number  of 
Economic  students.  Where  they  have  many,  she  has  few.  As  has  been 
said,  this  is  largely  due  to  the  unfortunate  position  to  which  Economics 
has  been  relegated  in  many  universities,  and  its  neglect  so  far  as  profes- 
sional callings  are  concerned.  On  the  other  hand,  the  revival  of  interest 
in  Economic  matters,  so  abundantly  manifested,  makes  it  exceedingly 
desirable  to  provide  means  and  opportunities  for  sound  scientific  training. 
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Methods  of  Detenyiininfj  the  Dnpiess  of  Steam, — Report  of  Uie  Comr- 
mittee,  consistimj  of  Sir  F.  J.  Bramwell,  Bart.  (Cliairman), 
Professor  T.  H.  Beare,  Mr.  Jeremiah  Head,  Professor  A.  B.  W. 
Kennedy,  Professor  Osborne  Reynolds,  Mr.  Mair  Rumley,  Mr. 
C.  I.  Wilson,  ami  Professor  W.  C.  Unwin  (Secretary). 

The  determination  of  the  quality  of  steam,  or  its  wetness,  has  come  to  be 
of  very  great  importance  both  in  boiler  trials  and  engine  trials.  It  was 
in  the  classical  researches  of  G.  A.  Him  at  Logelbach  in  Alsace  in 
1854-57,  and  in  subsequent  experiments  by  MM.  Grostete,  Hallauer,  and 
Leloutre,  and  other  members  of  the  Soci^t^  Industrielle  of  Mulhouse, 
that  the  great  importance  of  the  action  of  water  in  the  steam-engine 
cylinder  was  first  clearly  recognised.  It  was  perceived  that  the  water 
present  in  the  cylinder,  and  which  may  amount  to  50  per  cent,  of  the 
steam  introduced,  was  due  to  three  distinct  causes :  (a)  initial  wetness 
of  the  steam  ;  (6)  condensation  in  the  mass  of  steam  due  to  adiabatic 
expansion  ;  (c)  the  action  of  tlie  cylinder  wall.  An  accurate  discussion  of 
the  results  of  an  engine  test  is  impossible  if  the  initial  condition  of  the 
steam  is  unknown,  both  because  the  total  heat  per  pound  of  steam 
received  by  the  engine  depends  on  its  dryness,  and  because  water 
introduced  with  the  steam  increases  the  prejudicial  action  of  the  cylinder 
wall. 

In  boiler  tests  the  evaporative  efficiency  is  measured  in  pounds  of 
water  converted  into  steam  per  pound  of  coal.  But  if  part  of  the  feed 
water  supplied  leaves  the  boiler  as  water  entrained  in  the  steam,  the  real 
evaporation  is  less  than  the  apparent  evaporation.  The  entrained  water 
must  be  allowed  for  in  estimating  the  evaporative  efficiency  of  the  boUer. 
Further,  a  boiler  which  supplies  wet  steam  is  a  bad  boiler,  because  wet 
steam  is  prejudicial  to  the  efficiency  of  the  engine,  and  it  should  be  one 
object  of  a  boiler  trial  to  determine  whether  the  st^m  is  of  good  quality. 

The  earliest  attempts  to  determine  the  amount  of  moisture  in  steam 
which  have  come  to  our  knowledge  were  made  during  some  boiler  trials 
by  a  committee  of  the  Soci^t^  Industrielle  of  Mulhouse.^  This  committee 
tried  three  methods  :  I.  A  MetJu)d  of  Separation. — The  whole  of  the  steam 
was  taken  through  a  spare  boUer,  without  fire,  in  the  expectation  that  the 
moisture  would  be  deposited.  The  increase  of  water  in  the  spare  boiler 
during  a  trial  was  measured,  and  that  part  of  the  increase  due  to  con- 
densation by  radiation  was  determined  by  a  special  experiment.  2.  A 
Condensing  Method  suggested  by  Him. — Some  of  the  steam  from  a  boiler 
under  trial  was  condensed  and  its  total  heat  determined.  By  comparing 
the  total  heat  per  pound  with  that  of  dry  saturated  steam  the  amount  of 
moisture  was  ascertained.  3.  A  Cliemicat  Method. — Salt  was  introduced 
into  the  boDer,  and  the  diminution  of  saltness  of  the  boiler  water  during 
a  test  determined.  It  was  assumed  that  moisture  in  the  steam  would  be 
of  the  same  saltness  as  the  boiler  water,  and  therefore  the  amount  of  salt 
removed  measured  the  wetness  of  the  steam.  In  these  early  trials  only 
the  second  method  appeared  to  give  reasonable  results.  But  the  com- 
mittee did  not  place  full  reliance  on  any  of  the  methods  tried. 

Origin  of  the  Walter  Suspended  or  Entrained  in  Steam, — Tliere  are 
three  sources  of  the  water  found  in  steam  : — 

>  '  Report  of  MM.  E.  Bumat  and  E.  Dubied/  BuUetiii  de  la  SocUtc  IndmtricUc  de 
JlfttZA^nwir,  1859.  (  ^ r^r^^Xr^ 
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(1)  By  ebullition  boiler  water  is  projected  into  the  steam  space.  Part 
falls  back,  but  part  is  carried  on  in  the  steam  current.  The  extent  to 
which  wetness  may  be  thus  produced  depends  on  the  activity  of  the 
ebullition,  the  area  of  the  water  surface,  the  volume  of  the  steam  space, 
the  position  of  the  steam  valve,  the  density  of  the  steam,  and  other 
circumstances.  In  certain  conditions  of  the  boiler  water,  it  foamay  and 
the  steam  space  is  filled  with  vesicles.  Under  such  circumstances  the 
mechanically  produced  priming  may  be  excessively  severe. 

As  to  priming  of  this  kind  some  observations  of  Mr.  Thomycrof  t  on 
a  boiler  with  glass  ends  are  very  instructive.^  He  states  that  '  waters 
which  cause  priming  on  boiling  produce  foam,  consisting  of  a  mass  of 
bubbles  of  various  sizes.  Water  which  is  very  bad  produces  bubbles  so 
durable  as  to  remain  a  considerable  time  without  breaking,  and  by  them 
the  steam  space  of  a  boiler  may  bo  entirely  filled.  So  soon  as  this  takes 
place,  instead  of  simply  steam  leaving  the  boiler,  the  discharge  consists  of 
foam,  which  is  broken  up  in  its  rapid  passage  through  the  steam  pipe.' 
With  pure  water,  steam  retains  no  film  of  liquid  for  sufficient  time  to  be 
seen. 

(2)  The  steam  in  the  boiler  is  subject  to  variations  of  pressure. 
Bubbles  formed  under  water  rise  to  a  region  of  less  pressure.  Fluctua- 
tions of  pressure  arise  from  the  intermittent  demand  for  steam.  During 
expansions  water  must  be  formed  as  mist  throughout  the  mass  of  the 
steam.  It  is  difficulty  however,  to  suppose  that  any  great  quantity  of 
moisture  is  thus  produced. 

(3)  The  steam  in  the  steam  space  of  the  boiler,  and  when  flowing 
through  the  steam  pipes,  loses  heat  by  radiation  from  the  boiler  roof  and 
the  surfaces  of  the  pipes.  To  this  must  correspond  condensation  of  part 
of  the  steam.  Probably  in  some  cases  very  considerable  amounts  of 
moisture  are  produced  in  this  way. 

Methods  of  Determining  the  Wetness  of  Steam, — Very  different  methods 
have  been  tried  by  different  observers  to  determine  the  amount  of  moisture 
in  steam.  Some  method  is  required  sufficiently  accurate  for  practical 
purposes,  and  not  involving  excessively  delicate  measurements  or  com- 
plicated apparatus.  It  is  proposed  to  describe  all  the  methods  which 
have  been  tried  which  seem  at  all  likely  to  be  useful,  and  finally  to  give 
the  results  of  some  comparative  trials  made  for  the  committee  which 
throw  light  on  their  relative  trustworthiness. 

I.  Weighing  Method, — A  method  of  direct  weighing  of  a  known 
volume  of  a  sample  of  steam  has  been  proposed  by  Guzzi^  and  Knight.' 
A  copper  globe  is  used  as  a  measuring  vessel,  which  is  placed  in  a  receiver 
connected  with  the  boiler  or  steam  pipe.  After  filling,  it  is  taken  out  and 
weighed.  Let  Y  be  the  volume  of  the  globe,  w  the  weight  of  wet  steam 
in  it.  Let  (1  —  a;)t(7  be  the  moisture  and  xw  the  steam  in  the  globe,  and 
let  V  be  the  volume  in  cubic  feet  per  pound  of  dry  steam  in  the  same 
conditions  of  pressure  and  temperature.     Then 

/I       \              V 
(1— »)«;=«? 

xssY/vw 

The  method  is  one  obviously  of  excessive  difficulty. 

»  •  Circnlation  in  the  Thornycroft  Water  Tube  Boiler/  Tranu,  Inst,  Nawtl 
ArehiteoU,  1894. 

»  Reme  IndnstrieUe,  1878,  p.  102.  ^   ^    ^     r  looolp 

«  Journal  of  Vie  Franklin  Institute,  1877.  p.  358.  ^'^'^'^^^  by  ^^OOV^IL 
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II.  Separating  MetJiod,-^AttemptM  have  been  made  to  ascertain  the 
amount  of  moisture  in  steam  by  measuring  the  quantity  of  water  trapped 
in  a  separator,  between  the  boiler  and  engine,  through  which  the  whole  of 
the  steam  passed.  Probably  such  separators  are  too  small  relatively  to  the 
amount  of  steam  flowing  through  them  to  detain  the  whole  of  the  moisture. 
Mr.  G.  A.  Barrus,  in  using  a  small  separator  in  connection  with  a  super- 
heating calorimeter,  noticed  that  very  nearly  the  whole  of  the  moisture 
was  caught  by  the  separator.  In  that  case  the  quantity  of  steam  passing 
through  the  separator  is  small.'  More  recently  Professor  Carpenter,  of 
Cornell  University,  has  brought  out  a  form  of  separating  calorimeter  of 
small  size  which  can  be  applied  almost  anywhere  on  a  steam  pipe  or  boiler, 
and  which  can  be  used  with  very  great  facility. 

The  separating  calorimeter  (fig.  1)  consists  of  a  vessel,  A,  about 
12  in.  X  3  in.,  consisting  of  an  inner  chamber  and  a  jacket.  The  steam 
from  the  steam  pipe,  S,  passes  first  into  the  inner  chamber,  where  the 
moisture  is  separated,  and  thence  into  the  outer  chamber.  The  separating 
chamber  is  consequently  almost  perfectly  protected  from  radiation.  As 
the  water  accumulates  in  the  inner  chamber  its  level  is  shown  by  a  gauge 
glass,  g,  and  the  amount  can  be  read  off  on  a  scale.  A  very  small  orifice 
at  the  bottom  of  the  outer  chamber  regulates  the  amount  of  steam  dis* 
charged.  The  steam  as  it  escapes  passes  through  a  flexible  tube  to  a 
simple  form  of  condenser,  C.  The  increase  of  weight  of  the  condenser  in 
any  given  interval  of  time  is  noted,  and  the  amount  of  water  deposited  in 
the  same  time  in  the  separator.  If  x  is  the  dryness  fraction  of  the  steam, 
w  the  weight  of  water  caught  in  the  separator,  and  W  the  weight  of  steam 
condensed, 

x=     ^ 

The  scale  on  the  separator  is  graduated  to  y^^ths  of  a  pound.  There 
is  also  a  gauge  glass  and  scale  on  the  condenser,  graduated  to  read  pounds 
and  tenths  at  a  temperature  of  110^  F.  But  as  the  variation  of  volume 
of  the  water  with  temperature  affects  the  readings  considerably,  it  is  best 
to  weigh  the  condenser,  or,  at  any  rate,  to  determine  a  correction  of  the 
scale  for  temperature.  Professor  Carpenter  states  that  the  dryness  of  the 
steam  after  passing  the  separator  was  tested  in  the  laboratories  of  Sibley 
College  by  several  observers,  and  with  steam  carrying  from  ^  per  cent,  to 
60  per  cent,  of  moisture.  In  every  case  the  separation  of  the  water  from 
the  steam  was  complete  and  perfect.*  Other  tests  have  been  made  with 
moderately  diy  steam,  using  the  separating  and  throttling  calorimeter 
simultaneously,  and  the  results  were  practically  identical.  The  instrument 
is  very  simple  to  use,  and  requires  no  pressure  gauges  or  thermometers. 

III.  Condensing  MeUwd, — Suppose  a  known  weight  of  the  steam  con- 
densed and  its  total  heat  determined.  By  comparing  this  with  the  total 
heat  of  an  equal  weight  of  dry  saturated  steam,  according  to  Begnault's 
Tables,  the  amount  of  moisture  in  the  steam  can  be  determined. 

The  apparatus  designed  and  used  by  Him  in  the  Mulhouse  trials  in 
1859  (fig.  2)  is,  so  far  as  we  know,  the  most  convenient  and  perfect 
apparatus  hitherto  used  in  trials  of  this  method.  It  consists  of  an  iron 
vessel,  C,  about  one  foot  in  diameter,  furnished  with  a  loose  cover.     This 

'  See  Uamis,  Boiler  Tats,  Boston,  U.S.A.,  1891,  p.  238. 

*  See  Experimental  Jihtgineering,  by  R.  C.  Carpenter,  New  York,  1892,  p.  400. 
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is  the  condenser.  A  small  pipe  and  cock  in  the  steam  pipe  deliver  steam, 
through  a  small  orifice  near  die  steam  pipe,  into  the  pipe  S.  An  agitator, 
gy  and  a  sensitive  thermometer,  i,  are  provided.   The  condenser  is  suspended 
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from  a  hydrostat,  H,  which  permits  extremely  accurate  weighing  of  the 
amount  of  steam  condensed. 

Let  X  be  the  dryness  fraction  of  the  steam,  w  the  increase  of  weight  of 
the  calorimeter.     Then  the  condenser  has  received  am?  lb.  of  dxy  steam 
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and  (1  ^x)w  lb.  of  water  at  the  steam  temperature.  Let  W  be  the  weight 
of  water  initially  in  the  condenser  plus  the  equivalent  reckoned  aS  water 
of  the  condenser  itself.  Let  t  be  the  temperature  of  the  steam,  and  i  and 
/  the  initial  and  final  temperatures  of  the  condenser  water.     Then 

xw  (1116-0-710+t6-(<-/)=W(/-i) 

^^(1116-0-71<) 

To  arrive  at  satisfactory  results  the  temperatures  must  be  read  to  ^^  degree 
at  least,  and  the  weight  of  steam  condensed  determined  very  accurately. 
Further,  it  is  desirable  that  the  temperature  i  should  be  about  as  much 
below  the  temperature  of  the  place  where  the  test  is  made  as  the  tempera- 
ture /  is  above  it.  A  correction  is  easily  made  for  the  small  fall  of 
temperature  by  radiation  during  the  time  the  agitator  is  used  to  secure 
uniformity  of  temperature.  Suppose  the  agitator  is  used  for  two  minutes, 
and  the  temperature/ then  noted.  The  temperature  is  again  noted  two 
minutes  later.  The  small  observed  fall  is  the  loss  in  the  interval  by 
radiation,  and  is  added  to  the  observed  temperature /as  a  correction.  In 
the  Mulhouse  experiments  the  initial  and  final  temperatures  of  the  con- 
denser were  generally  about  60°  and  110*  F.  The  following  table  gives 
the  results  of  the  Mulhouse  tests  in  1859.  They  were  made  very  carefully, 
and  Him  himself  directed  the  tests. 

The  committee  at  Mulhouse,  in  discussing  these  results,  point  out 
their  variability,  and  remark  that  a  mean  of  numerous  observations 
should  be  taken.  This  is  probably  true  when  the  test  is  made  on  a 
small  scale.  In  Mr.  Willans's  tests  one  hundredweight  of  steam  was 
condensed  in  each  test^  and  this  gives  what  is  virtually  a  mean  of 
numerous  smaller  tests.  In  the  case  of  Trial  23,  the  Mulhouse  Committee 
thought  that  the  calorimeter  underestimated  the  amount  of  priming 
water. 

About  1860,  Joule  used  a  calorimeter  very  similar  to  the  above,  in 
order  to  determine  the  total  heat  of  steam  and  verify  Begnault's  results. 
The  paper  describing  the  experiments^  is  interesting  as  showing  that 
fairly  accurate  results  can  be  obtained  by  this  method,  used  on  a  small 
scale,  when  the  observer  is  sufficiently  skilfuL  The  amount  of  steam 
condensed  was  only  from  8,700  to  14,100  grains  in  each  test.  Tem- 
peratures were  read  to  three  decimal  places.  The  weight  of  water  in  the 
condenser  was  about  140,000  grains.  The  steam  flowed  into  the  con- 
denser for  two  minutes.  The  steam  must  have  been  almost  perfectly  dry, 
as  the  following  (mean)  results  show  : — 


Pieflsure  of  Steam 

Total  Heat 

In.  of  Mercury 

Obspnred 

By  Kcgnault**  Tabl«« 

37-26 

67-62 

111-68 

638-43 
644-77 
666*46 

638-77 
642-87 
649-60 

The  method  has  been  often  used  in  determining  the  wetneas  of  steam 
in  boiler  trials,  but  very  often  the  arrangements  have  been  so  rotkgh 
that  no  reliance  can  be  placed  on  the  results.    A  calorimeter  of  this 

»  The  aeientifie  Papen  of  J,  P.  Joule,  toI.  i.  p.  482. 
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BoiLBB  Trials  at  Mulhoubb. 
Trials  with  Him*8  Calorimeter  on  the  Quantity  of  Water  entrained  in  Steam. 


No.  of 
Tri»l 


Date 
1859 


Sept.  6 
6 
6 
7 
8 
16 


Boiler 


Prouvost 


40 

4-7 

4-75 

4-4 

416 

4-5 


16-0 
8-3 
3-4 
3-5 
3-4 
3-7 


Remarks 


The  water  levels  are  the  , 
heights  of  the  water  in  ' 
the  boiler  above  bottom 
of  gauge-glass. 

Trials  1  to  6  with  steam 
taken  from  top  of 
steam  pipe. 


7 
8 
9 
10 
11 
12 
13 
14 
15 
16 


Oct.  6 

6 

6 

8 

8 

8 

8 

11 

11 

11 


Molinos 

and 
Pronnier 


+  28 

0 

+  16 

-16 
-16 
-15 


4-6 



4-8 

37 

5-2 

64-7 

4-75 

19-8 

4-8 

201 

6-2 

26-8 

6-2 

37-8 

4-75 

20-8 

4-75 

43-5 

4-75 

120-4 

4-6 
42 

71 
2-2 
1-9 
2-4 

4*8 

25 

6-8 

12-5 


In  Trials  7  to  14  steam 
was  taken  from  top  of 
steam  pipe. 

In  Trials  16, 17, 26,  steam 
was  taken  from  the 
ontside  of  a  bend  in  the 
steam  pipe. 


17 
18 
19 
20 
21 
22 
23 
24 
26 
26 
27 
28 


30 
31 


Oct.  12 
12 
12 
12 
12 
18 
13 
13 
13 
13 
H 
14 


Molinos 

and 
Pronnier 


-26 

-16 

-36 

-10 

+  100 

+  210 

+  260 

+  190 

+  220 

+  180 

+  85 


Oct.  17 
17 
18 


Zambaux 


+  70 
+  76 
+  60 


61 

4-6 

60 

4-7 

60 

6-3 

6-25 

6-4 

61 

61 

61 

60 


40-5 

4-4 

17-3 

20 

34-6 

4-2 

35-8 

3-7 

56-4 

6-4 

46*1 

4-9 

111-8 

11-8 

16-8 

2-0 

260 

2-8 

37-0 

4-4 

422 

36 

35-4 

1-6 

Trials  14, 16, 18,  24,  with 
steam  from  the  under- 
side of  the  same  bend. 

Trials  14  and  15, 16  and 
17, 24  and  26,  were  made 
at  the  same  time. 

In  Trials  27  and  28  steam 
was  taken  by  a  pipe 
opening  at  the  oentre 
of  the  steam  pipe. 

In  Trial  23  agreat  deal  of 
water  was  carried  by  the 
steam  and  dischs^'ged 
by  the  relief  valves. 


44 

60-9 

6-9 

4-3 

10-6 

1-4 

4-6 

38-4 

3-7 

Trials  29  and  31  with 
the  same  arrangement 
as  27  and  28. 


Omitting  Trial  23,  the  mean  amount  of  water  carried  by  the  steam  was  4-4  per  cent. 

kind  is  called  in  America  a  barrel  calorimeter.  The  barrel  test  is  carried 
oat  thus.  An  ordinary  oil  barrel  is  used,  fitted  with  an  outlet  valve.  A 
set  of  tests  are  made  following  each  other  rapidly,  and  an  average  of  the 
results  is  taken.  The  barrel  is  filled  and  a  trial  made,  the  results  of 
which  are  discarded.  The  object  seems  to  be  to  heat  up  portions  of  the 
apparatus  and  the  barrel  itse^  The  barrel  is  then  refiUed,  weighed,  and 
the  temperature  of  the  water  taken.  A  steam  pipe  connect^  to  the 
boiler  is  then  blown  through  to  warm  it,  and  a  movable  pipe  is  attached 
leading  to  the  barrel,    l^e  steam  valve  is  then  opened  and  the  steam 
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condensed  in  the  barrel,  till  the  temperature  has  risen  to  about  110^  F. 
The  valve  is  shut,  the  movable  pipe  removed,  the  water  stirred,  and  the 
barrel  a^in  weighed  and  its  temperature  taken.  It  is  obvious  that  the 
proceeding  is  a  very  rough  one.  Losses  of  heat  by  radiation,  &c.,  tend  to 
make  the  observed  total  heat  too  small,  and  therefore  the  moisture  in  the 
steam  too  large.  On  the  other  hand,  evaporation  from  the  barrel  tends 
to  make  an  error  of  the  opposite  kind.  It  is  known  that  in  using  this 
method  in  a  rough  way  negative  results  are  sometimes  obtained. 

Mr.  P.  W.  Willaus  used  this  method  also  to  determine  the  wetness 
of  the  steam  in  his  engine  trials.^     Mr.  Willans  used  a  very  large  con- 

FiG.  3. 


densing  tank  weighing  full  about  3  tons,  and  placed  on  the  platform  of 
a  weighing  machine.  The  tank  was  first  balanced  so  that  the  weighing 
machine  lever  just  rose.  Then  a  standard  hundredweight  was  plac^  on 
the  platform  of  the  machine,  and  the  poise  adjusted  so  that  the  lever 
again  just  rose.  The  hundredweight  was  then  removed,  the  temperature 
of  the  condenser  was  noted,  and  steam  condensed  in  the  tank  till  the 
lever  rose  (making  an  electric  signal).     The  steam  at  that  moment  was 

»  *  Economy  Trials  of  a  Non-condensing  Steam  Engine,'  by  p.  W.  Willans,  Proe, 
Jmt.  Civil  Engineers^  vol.  zciii.  p.  23. 


Digitized  by  VjOOQIC 


400  BEPORT— 1894. 

turned  off,  and  the  tank  contained  exactly  one  hundredweight  of  con- 
densed steam.  The  condensing  water  was  then  stirred  and  the  tem- 
perature taken.  The  thermometers  were  sensitive  (I**  C.  corresponded  to 
1  in.  in  some  of  them),  and  they  were  carefully  compared  with  standard 
thermometers.  A  very  small  radiation  correction  was  made.  The  value 
of  the  dr3mess  fraction  found  on  different  days  was  '9996,  '9638,  *9949, 
•9646,  -9976,  -9893,  10072,  1'0048,  -9987.  The  mean  of  all  is  0'9911, 
showing  an  average  of  about  1  per  cent,  of  moisture  in  the  steam.  In 
spite  of  the  large  scale  'On  which  the  experiment  was  tried  and  the  cai*e 
taken,  the  results  are  rather  discrepant,  and  two  of  them  give  values 
which  it  would  seem  must  be  erroneous. 

IV.  Contintiovs  Condensing  Method. — ^The  difficulties  of  the  ordinary 
condensing  method  have  led  Mr.  Barrus,  Mr.  Hoadley^  and  other  ob- 
servers to  adopt  a  process  of  continuous  steady  condensation.  The  steam 
may  be  condensed  (a)  in  the  condensing  water,  or  {fi)  in  a  surface  con- 
denser. The  first  method  ^  may  be  carried  out  by  the  apparatus  shown 
in  fig.  3.  Steam  passes  from  the  steam  pipe,  S,  to  a  small  injector,  i. 
The  condensing  water  is  drawn  from  the  tank  A,  and  the  mixed  water 
and  condensed  steam  are  discharged  into  the  tank  B.  If  Wj  is  the 
decrease  of  weight  of  A  in  any  interval,  and  Wg  the  increase  of  weight 
of  B,  then  iy=W2— W,  is  the  weight  of  steam  condensed.  Thermo- 
meters tf  tj  give  the  temperatures  of  the  water  entering,  and  mixed  steam 
and  water  leaving  the  injector.  Let  ^j,  ^3  be  these  temperatures,  and  t 
the  temperature  of  the  steam.     Then,  if  a;  is  the  dryness  fraction, 

W 


X J- 


5  {h-t,)  +  t^^t 

= Ili6-^0'7U 

Mr.  Barrus  has  used  a  surface  condenser  (fig.  4),  consisting  merely  of  a 
short  vertical  pipe  in  a  vessel  through  which  cooling  water  circulates.  The 
condenser  is  supplied  with  cooling  water  at  a  fixed  rate  of  flow.  Then,  as 
the  condensing  surface  is  constant,  the  rate  of  condensation  is  constant, 
and  the  rise  of  temperature  of  the  cooling  water  is  constant.  Condensation 
is  carried  on  for  any  convenient  period,  and  the  condensed  steam  run  off 
for  weighing.  Simultaneously  a  series  of  readings  are  taken  of  the 
temperature  of  the  water  entering  and  leaving  the  condenser,  and  of  the 
condensed  steam.  The  radiation  correction  can  be  determined  by  observing: 
the  fall  of  temperature  in  the  condenser  when  the  supply  of  steam  and 
cooling  water  is  stopped.*  The  continuous  condensing  method  seems  likely 
to  be  more  accurate  than  the  ordinary  method,  but  the  arrangements  are 
more  complicated. 

V.  Method  by  Superheating. — Mr,  G.  H.  Barrus  about  1890  devised  a 
calorimeter  in  which  the  steam  to  be  tested  passed  through  a  chamber 
jacketed  with  superheated  steam.     The  steam  was  thus  dried  and  super- 

'  Carppiiter,  Experimental  Engineenngt  p.  376. 

'  See  Peabody,  Thermodynamiet  of  tlie  Steam  Engine,  p.  232 ;  Carpenter,  JELrperi- 
mental  Engineering,  p.  380. 
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heated.  The  quantity  of  heat  required  was  inferred  from  the  fall  of  tem- 
perature of  the  superheated  steam.  The  orifices  of  the  inner  steam  pipe 
and  outer  jacket  were  equal,  so  that  the  same  weight  of  steam  passed 
through  each.  Hence  no  weighing  was  necessary.  If  ^i  t^  are  the  tem- 
peratures of  the  superheated  steam  entering  and  leaving  the  jacket,  and  t^  t^ 
the  temperatures  of  the  steam  entering  and  leaving  the  inner  chamber, 
then  the  superheated  steam  in  the  jacket  has  lost  ^j— <2  degrees  of  tem- 
perature, and  the  sample  steam  has  been  dned  and  superheated  ^4  —  ^3 

Fig.  4. 


degrees.  If  x  is  the  dryness  fraction  and  L  the  latent  heat  of  the  steam 
in  the  inner  chamber, 

0-48(<  I  -  <a  -  0=L(1  -x)  +  0-48(^4  -  ^3) 
l-a:=0-48(<|-<2-;-/4H-<3)-^L 

^  is  a  small  correction  for  radiation.  Only  four  thermometer  readings  are 
necessary  for  a  determination.  The  calorimeter  is  only  suitable  for  nearly 
dry  steam,  and  appears  to  be  superseded  by  the  simpler  throttling  and 
separating  calorimeters.     A  description  will  be  found  in  *  Boiler  Tests/ 
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Barnis,  Boston,  1891,  p.  18,  and  in '  Experimental  Engineering,'  Carpenter, 
p.  386. 

VI.  The  Wire-drawing  MetJiod, — ^This  was  first  proposed  by  Professor 
Peabodj.  Mr.  Barras  and  others  have  devised  modified  forms  of  the 
apparatus.  It  depends  on  the  principle  that  slightly  moist  steam  is  super- 
heated by  wire  drawing.  Fig.  5  shows  Mr.  Barrus's  arrangement  ^  of  the 
apparatus.  The  steam  passes  f  roih  a  chamber  A  to  a  chamber  B  through  a 
very  small  aperture  (-^  inch  in  diameter).  The  full  steam  pressure  is  in 
A,  and  the  pressure  in  B  differs  little  from  atmospheric  pressure.     Ther- 

Fig.  5. 


mometers  ^,  <,  give  the  temperatures  of  the  chambers.  Let  ti  t^  be  the 
temperatures  of  the  steam  before  and  after  wire  drawing,  and  t^  the 
temperature  of  saturated  steam  corresponding  to  the  pressure  in  B.  t^  —  t^ 
is  the  amount  of  superheating  of  the  steam  in  B. 

Let  7i„  L|  be  the  liquid  heat  and  latent  heat  of  steam  at  ti ;  h^,  L3,  cor- 
responding quantities  for  steam  at  ^3. 

Ai+xL|=7i3+L8+0-48(«j|-f3) 
;,3-A,.+L3+0-48(<a-<3) 
L, 

1  See  A    Univenal  Steam  Calorimeter,     By  Q.  H.  Banns,  Amer.  Soa  Uech. 
Kneineers.  1890.  (  -  1 
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Or  taking  the  specific  heat  of  water  constant : — 
a: ^- 

1116-0-71<i 

No  weighing  is  required,  and  temperatures  only  have  to  be  observed. 
The  apparatus  must  be  in  operation  for  twenty  to  thirty  minutes  before 
observations  are  conmienced.  Then  observations  may  be  begun  and  con- 
tinued for  as  long  a  period  as  is  desired.  It  is  not  a  mere  small  sample 
of  steam,  therefore,  which  is  observed,  but  a  considerable  quantity  taken 
from  the  steam  pipe  at  a  uniform  rate.  The  observations  are  as  simple  as 
possible,  and  the  apparatus  is  used  with  the  greatest  facility.  Presently 
some  tests  will  be  given  tending  to  show  that  the  instrument  is  very 
trustworthy. 

Suppose  the  steam  is  initiaUy  quite  dry.  Then  a;=l  in^the  formula 
above 

Ai+Li=a;3+L3+0-48(<a-f3) 
f2=0-604<i+0-395<3 

From  the  small  excess  of  pressure  over  atmospheric  pressure  ^3  is  about 
21 4^    Then 

f3s=:0-604«j+84-5. 

This  may  be  termed  the  normal  temperature  in  the  chamber  B  for  dry 
steam.  In  proportion  as  the  temperature  falls  below  this  the  steam  is 
initially  moist.  If  it  contains  initially  more  than  a  certain  amount  of 
moisture,  the  temperature,  in  the  chamber  falls  to  214^  or  below  it,  and 
no  calculation  of  the  dryness  is  possible. 

If  <2=220*^  and  <3=214°  are  taken  as  the  limiting  values  for  which  the 
instrument  can  safely  be  used,  there  being  then  6®  of  superheating  in  B, 
then 

„      _     1181-<, 
"^     1116-0-71«i 
and  n^^\      —  0-29<,-65 

^'       ^"^"lll6-0-7T«7 

give  the  minimum  initial  dryness  or  maximum  amount^of  initial  moisture 
in  steam  for  which  the  apparatus  is  suitable. 

,  Greateat  initial 

*l  moisture  per  cent. 

250°  0-80 

300  2-44 

350  4-21 

400  613 

VII.  Combined  Separating  and  Wire-dratving  Metliod. — To  extend 
the  usefulness  of  the  wire-drawing  method  Mr.  Barms  added  a  separator 
(C,  fig.  5).  The  steam  first  passes  through  the  separator,  leaving  most  of 
its  moisture,  and  the  remainder  is  measured  by  a  wire-drawing  calorimeter. 
When  thus  arranged  the  use  of  the  instrument  is  much  more  complicated, 
as  the  amount  of  steam  flowing  through  and  the  amount  of  moisture 
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separated  must  be  weighed.  A  condenser  must  therefore  be  used,  at  any 
rate  occasionally,  to  determine  the  amount  of  steam  flowing  in  a  given 
time.  Assuming  the  orifice  to  remain  unchanged,  a  formula  can  be  found 
for  the  weight  of  steam  discharged  per  minute  at  any  given  pressure. 

VIII.  Superheating  by  Addition  of  Heat. — A  method  has  been  pro- 
posed by  Mr.  W.  K.  Cummins,^  in  which  a  vessel  of  constant  volume  is 
used,  completely  surrounded  by  a  steam  jacket.  Steam  is  at  first  blown 
through  both  jacket  and  vessel  till  there  is  a  fair  sample  of  the  steam  to 
be  tested  in  both.  Next  the  jacket  and  vessel  are  cut  off  from  the  steam 
pipe  and  from  each  other.  The  steam  in  the  jacket  is  then  heated  by 
compression  (by  a  steam  compressing  pump)  or  by  heating.  The  simul- 
taneous rise  of  pressure  and  temperature  in  the  vessel  containing  the 
sample  of  steam  are  observed.  While  moisture  is  evaporating  the  relation 
of  pressure  and  temperature  will  follow  Begnault's  law.  From  the 
moment  when  superheating  begins  the  pressure  will  increase  much  less 
rapidly  with  the  temperature.  Let  t^  be  the  temperature  of  the  sample 
of  steam  initially,  t^  the  temperature  at  which  superheating  is  observed 
to  begin,  v,  v^  the  corresponding  specific  volumes  of  dry  saturated  steam, 
X  the  initial  dryness  of  the  steam,  V  the  volume  of  the  vessel,  and  %o  the 
weight  in  pounds  of  steam  admitted.     Then 

^1 

where  the  specific  volumes  ^.^Vi  can  be  calculated  from  the  observed  tem- 
peratures t^t^.  The  method  is  quite  accurate  in  principle,  but  it  would 
involve  considerable  skill  to  carry  it  out  accurately,  and  it  does  not  appear 
to  have  been  actually  tried. 

IX.  Chemical  Methods. — These  suppose  that  some  soluble  salt  is  added 
to  the  boiler  water  so  as  to  form  a  solution  of  known  strength,  and  that  of 
all  the  feed  supplied  to  the  boiler  part  is  evaporated  and  Jiows  away  as 
steam,  part  as  priming  water.  The  former  removes  no  salt ;  the  latter  is 
of  the  saltness  of  the  water  then  in  the  boiler.  Hence,  either  the  decrease 
of  saltness  of  the  boiler  water  or  the  amount  of  salt  present  in  the  steam 
can  be  used  in  determining  the  amount  of  priming  water  in  the  steam. 
Most  commonly  table  salt  (NaCl)  has  been  used  becau^  the  amount  in 
solution  can  be  easily  determined  by  the  nitrate  of  silver  method.  In 
other  cases  sulphate  of  soda  has  been  used,  the  sulphuric  acid  being 
determined  by  precipitating  with  chloride  of  barium.  It  is  convenient  to 
describe  three  variations  in  the  way  in  which  the  chemical  method  is 
applied. 

(a)  Decrease  of  Saltness  of  the  Boiler  Water  measured. — Salt  is  intro- 
duced with  the  feed  till  the  boiler  water  contains  1  or  Ij^  per  cent,  of  salt. 
Then,  during  a  test  in  which  the  amount  of  feed  is  measured,  a  sample  of 
the  boiler  water  is  drawn  off  at  the  beginning  and  end  of  the  test.  Care 
must  be  taken  that  the  level  of  the  water  in  the  boOer  (as  shown  by  the 
^auge  glass)  is  exactly  the  same  when  the  two  samples  are  taken.  Let 
W  be  the  weight  of  water  in  the  boiler,  and  9,  s^  the  percentage  of  salt  in 
the  two  samples.  The  amount  of  salt  removed  from  the  boiler  during 
the  test  is  W(«,  —  «2)/1^0.  Let  w  be  the  amount  of  feed  supplied,  and  x 
the  dryness  fraction  of  the  steam.      Then  ocw  lb.  of  pure  steam   are 

*  Trans.  North-east  Coast  Inst,  of  Engineers  and  Shipbuilders,  1893. 
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generated,  and  (1— a;)w  lb.  of  priming  water  carried  over.  The  mean 
saltness  of  the  priming  water  is  (s^  +«2)/2.     Hence 

The  method  deals  with  the  whole  amount  of  steam  produced,  and  not 
with  mere  samples  of  it.  On  the  other  hand,  the  disadvantages  of  the 
method  are  :  (1)  It  measures  only  priming  water  mechanically  projected 
into  and  carried  by  the  steam,  and  not  moistness  produced  in  other  ways. 
(2)  Great  exactness  of  analysis  is  necessary,  the  difference  of  saltness 
being  a  small  quantity.  (3)  The  feed,  being  continuously  supplied  at  one 
part  of  the  boiler,  tends  to  produce,  in  spite  of  the  circulation,  a  non- 
uniform distribution  of  saltness  throughout  the  mass  of  water  in  the 
boiler.  If  the  saltness  is  not  uniform,  the  difference  of  saltness  of  the 
samples  gives  a  quite  erroneous  result.  If  there  is  salt  in  the  feed  water, 
it  can  be  allowed  for.  This  method  was  first  used  at  Mulhouse  in  1859  ; 
much  later  it  was  revived,  and  is  often  called  Brauer's  method. 

(fi)  Percentage  of  Salt  in  the  Steam  determined. — At  intervals  during 
a  test,  samples  of  the  boiler  water  are  taken,  and  at  the  same  time  some 
steam  is  condensed  in  a  small  surface  condenser.  Equal  quantities  of  the 
water  samples  are  mixed  together,  and  also  equal  quantities  of  the  con- 
densed steam.  Let  Si  be  the  percentage  of  salt  in  the  averaged  sample 
of  boiler  water,  and  82  that  in  the  averaged  sample  of  condensed  steam. 
If  X  is  the  dryness  fraction  of  the  steam,  each  pound  contains  x  lb.  of 
steam  and  1  —a;  lb.  of  water  of  the  saltness  of  the  boiler  water. 

(1— a;)  Si=«2 


The  disadvantages  of  this  method  are  (1)  that  very  small  portions  of  the 
steam  are  test^,  and,  as  the  mechanical  action  producing  priming  is 
probably  irregular,  it  is  very  uncertain  whether  they  fairly  represent  the 
average  condition  of  the  steam  ;  (2)  the  accurate  determination  of  «,  can 
only  be  made  if  the  boiler  water  is  uniformly  salt ;  (3)  the  amount  of  salt 
in  the  steam  is  very  small  compared  with  that  in  the  boiler  water,  so  that 
the  accurate  determination  of  Sq  is  difficult. 

(y)  Esclier^s  Method. — ^A  quite  different  method  of  considerable  interest 
has  been  proposed  by  Mr.  R.  Escher,  of  Zurich.*  Mr.  Escher  considered 
the  case  of  a  boiler  fed  with  impure  water.  Of  the  salts  in  solution 
some  are  thrown  down  as  incrustation,  others  remain  in  solution.  In 
the  boiler  water  during  working  there  is  a  steady  concentration  of  these 
soluble  salts,  which  tends  towards  a  fixed  limit.  At  this  limit  the  priming 
removes  as  much  salt  in  the  form  of  concentrated  boiler  water  as  the  feed 
brings  in. 

Let  8  be  the  saltness  of  the  feed  water  in  pounds  per  pound  of  water, 
and  ky  the  saltness  at  any  given  time  of  the  boiler  water.     Then  each 

'  Cirilinffenietir,  1679,  p.  61. 
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pound  of  steam  removes  (1— a;)  k  lb.  of  salt,  while  each  pound  of  feed 
introduces  8  lb.  of  salt.     In  steady  working  when  the  limit  is  reached 

— -I 

Let  k/8=:Cf  the  ratio  of  concentration  of  the  boiler  water.  Then,  for 
example,  if  the  boiler  water  contains  twenty  times  as  much  salt  as  the 
feed,  05=1  —^'^=0*95,  or  the  steam  contains  6  per  cent,  of  priming  water. 
The  method  assumes  that  the  feed  contaias  a  definite  percentage  of  easily 
soluble  salt,  and  that  the  trial  has  continued  till  the  maximum  concentra- 
tion is  reached. 

But  if  the  boiler  is  freshly  filled  it  may  be  a  long  time  before  the 
limiting  condition  is  reached.  Let  W  be  the  quantity  of  water  in  the 
boiler  in  pounds,  and  F  the  quantity  of  feed  per  unit  of  time.  Let  k  be 
now  the  saltness  of  the  boiler  water  at  t  from  the  beginning  of  the  test. 
In  a  short  interval,  dt,  the  quantity  of  salt  Fsdl  enters  the  boiler  with 
the  feed,  and  the  quantity  ^{l^xjkdt  is  carried  away  in  the  priming 
water.     The  increase  of  salt  in  the  boiler  is  therefore 

WdkzzzF  {8di-(l  -x)  kdt] . 

Let  W/E=o.    Then 

adk-\-  {\^x)kdt^8dt^0. 
Integration  gives 


^-l-i+-it£r 


C 

e  " 


The  constant  of  integration  is  obtained  by  putting  A;=8  when  ^=0. 

Let  also  lil^  «=n.     Then 
a 

8       \-x\         ^J 

From  this  equation,  c  being  ascertained  by  analysis  of  the  boiler 
water,  x  can  be  determined  at  any  period  of  the  test.  As  the  equation  is 
not  easily  solved  x  may  be  approximated  to  thus.  If  c  is  the  concentra- 
tion after  t  hours'  working,  a  first  approximation  to  a:  is 

Xi^l — c. 

Put  this  in  the  expression  above  for  c ;  a  value  c^  will  be  obtained 
which  would  be  the  concentration  in  the  time  <,  if  c  were  the  limiting 
concentration.    Then  assume 
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This  is  an  approximate  value  of  the  mazimiun  concentration  in  tm« 
limited  time.    A  second  approximation  to  a;  is 


a;2=l-~i 


Mr.  Escher  has  not  directly  suggested  how  his  method  could  be  used 
in  the  case  of  a  boiler  fed  with  pure  feed  water,  or,  say,  with  water  con- 
taining too  small  an  amount  of  chloride  to  giye  a  sufficiently  rapid 
concentration.  But  it  might  easily  be  applied  by  pumping  in  with  the 
feed,  at  intervals  of  an  hour,  a  known  quantity,  w^  of  a  saturated  salt 
solution.  The  quantity  w  might  be  so  arranged  that  the  concentration 
at  the  end  of  the  test  was  such  that  the  boiler  water  contained  about 
1  per  cent,  of  salt.  A  preliminary  assumption .  as  to  the  amount  of 
priming  would  have  to  be  made  in  settling  what  quantity  of  salt  to 
introduce. 

The  salt  method  by  measuring  the  decrease  of  saltness  of  the  boiler 
water  was  first  used  at  Mulhouse  in  1859.  In  the  trials  then  it  failed  to 
give  satisfactory  results.  In  some  of  the  tests  an  apparent  increase  of 
saltness  of  the  boiler  water  was  found,  which  must  have  been  due  to  the 
saltness  being  ununiformly  distributed  in  the  boiler.  At  Diisseldorf  in 
1880  the  method  of  measuring  the  salt  in  the  steam  was  tried,  sulphate 
of  soda  being  used.^  Ten  samples  of  boiler  water  and  condensed  steam 
were  taken  in  each  test.  The  results  were  discrepant,  giving  0*21  to 
^  per  cent,  of  moisture  in  the  steam  in  different  tests. 

Use  of  tJie  Salt  Method  in  tike  Berlin  Trials  of  Portable  Engines  in 
1883. — ^The  most  careful  tests  by  the  salt  method  which  have  been  found 
are  some  made  by  Dr.  £unte  in  Munich,  in  some  trials  of  portable  engines 
under  the  direction  of  a  commission  appointed  by  the  German  Govern- 
ment.^ In  these  tests  both  the  decrease  of  saltness  of  the  boUer  water 
and  the  amount  of  salt  in  samples  of  condensed  steam  were  determined. 
They  throw  some  light,  therefore,  on  the  relative  trustworthiness  of  the 
two  proceedings. 

Concentrated  salt  solution  was  introduced  into  the  boilers  before 
beginning  a  test  till  the  boiler  water  contained  1  to  1^  per  cent,  of  salt. 
At  the  beginning  of  each  trial,  and  with  the  water  at  normal  level  in  the 
gauge  glass,  a  sample  of  boiler  water  was  taken ;  at  some  intermediate 
times,  and  at  the  end  of  the  trial,  similar  samples  were  taken.  The 
boiler  water  was  taken  from  a  gauge  cock.  To  prevent  evaporation  in 
taking  the  sample  it  was  drawn  off  through  an  india-rubber  tube  into  a 
vessel  containing  500  c.c.  of  cold  distilled  water.  Exactly  500  c.c.  of 
boiler  water  were  drawn  off,  so  that  the  sample  had  half  the  saltness  of 
the  boiler  water.  The  chlorine  was  determined  by  a  nitrate  of  silver 
solution  containing  10  per  cent,  of  normal  solution,  with  the  addition  of 
ohromate  solution  as  an  indicator.  For  the  steam  samples  the  steam  was 
taken  from  a  cylinder  or  valve-chest  cock.  From  200  to  1,000  grams 
were  condensed  at  intervals  of  about  an  hour. 

In  Trial  I.,  on  the  Dolberg  Portable,  the  boiler- water  samples  showed 
the  same  saltness  at  the  beginning  and  end  of  the  test.  Intermediate 
samples  showed  very  slight  variations,  attributed  by  Dr.  Bunte  to  varia- 
tions of  water  level  in  the  boiler.     In  five  samples  of  condensed  steam 

'  Untemtoh'wngen  van  Jkm^masohinen  u^,w,  der  Oemerhe-AustteUung  in  DusieU 
4orf,  1880  (Aachen,  1881),  p.  13. 

*  Report  by  F.  Schotte,  CivUiTigMieur,  1884. 
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an  addition  of  0'2  to  0*3  c.c.  of  silver  solution  gave  a  colour  reaction. 
Dr.  Bunte  calculates  that  the  priming  must  have  been  less  than  0*1  per 
cent.  Both  methods,  therefore,  showed  that  there  was  practically  no 
priming.  Identically  similar  results  were  obtained  in  trials  of  four  other 
boilers.  But  in  one  trial  there  was  considerable  priming.  In  Trial  lY., 
on  Siegel's  Portable,  the  sample  of  boiler  water  taken  at  the  beginning 
showed  199  c.c.  of  10  per  cent,  of  normal  salt  solution,  and  that  at  the 
end  191  c.c.  per  100  c.c.  This  corresponds  to  a  loss  of  4  per  cent,  of  the 
salt  in  the  boiler,  or  to  1-7  per  cent,  of  priming.  In  the  steam  tests 
different  samples  yielded  24-3,  203,  6-8,  4*0,  0-3,  0-2,  03,  25-5,  and  7-3  c.c. 
of  10  per  cent,  of  normal  salt  solution  per  100  c.c.  of  condensed  steam. 
After  thoroughly  cleansing  the  apparatus  by  blowing  through,  2,000  grams^ 
of  steam  were  condensed,  and  gave  9  c.c.  per  100  c.c.  The  amount  of  salt 
in  the  steam  was  therefore  extraordinarily  variable.  The  highest  result, 
25-5  C.C.  per  100  c.c«,  corresponds  to  12*8  per  cent,  of  priming.  Dr.  Bunte 
thinks  that  foaming  occurred. 

It  will  be  seen  that  in  most  cases  the  salt  test  fails  to  indicate  any 
appreciable  priming.  It  must  be  inferred  that  the  mechanical  mixture  of 
boiler  water  with  the  steam  is  ordinarily  an  action  of  insignificant  im- 
portance. In  one  trial  where  there  was  great  priming,  shown  by  the 
working  of  the  engine  as  well  as  by  the  salt  test,  the  results  are  extremely 
discrepant,  and  apparently  Dr.  Bunte  thinks  that  the  real  amount  of 
priming  was  greater  than  the  salt  tests  indicate. 

The  salt  test  was  used  in  some  tests  of  boilers  at  the  Frankfort  Exhi- 
bition, in  1891,  by  a  committee  presided  over  by  Dr.  Schroter.^  The  tests 
lasted  eight  days  for  each  boUer.  Salt  was  fed  into  the  boiler  till  the 
boiler  water  contained  about  1^  per  cent.  After  the  boiler  had  been 
working  a  day,  two  samples  were  taken,  one  of  the  boiler  water  from  near 
the  evaporating  surface,  one  from  the  nearest  water  separator  in  the 
steam  pipe.  •  The  samples  were  drawn  off  through  a  cooling  coil  to  prevent 
evaporation.  The  amount  of  salt  in  the  samples  was  determined  by  the 
nitrate  of  silver  test,  and  also  that  in  the  feed  supplied  to  the  boilers. 
The  following  table  gives  the  results  : — 

DetemiiiMtion  of  Priming  by  Salt  Test  in  Trials  at  the  IfVaftJtfort  HxJiihition,  IftOl. 


Salt  in 

Salt  in 

Water 

Salt  in 

Moisture 

Feed  Water 

Boiler 

from 

Feed 

in  the 

Name  of  Boiler 

used 

Water, 

Steam 

Water, 

Steam, 

per  cent. 

Pipe, 

percent. 

percent. 

per  cent. 

1.  Essen  Cornish     . 

Ordinary 
Water  Co. 

1-521 

000116 

0-00146 

0-076 

2.  Dortmund  Water  Tube 

Purified 

1-229 

0-00138 

0-00196 

0112 

3.  Ratingen            „ 

Ordinary 

1-146 

000155 

0  00148 

0135 

4.  Kaiserslautem   „ 

Purified 

1-442 

000122 

0-00193 

0085 

6.  Numberg            „ 

Ordinary 

1-610 

00024G  j  0-00164 

0151 

These  results  are  given  chiefly  to  confirm  the  general  result  shown  in 
nearly  all  experiments— namely,  that  the  amount  of  priming  estimated 
from  a  salt  test  is  an  insignificant  percentage. 

Comparison  of  the  Salt  Methods  with  other  Methods, — It  is  clear  that 
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the  general  result  obtained  when  the  salt  test  has  been  used  is  that  in 
ordinary  cases  there  is  yery  little  moisture  in  the  steam.  -  Some  trials 
made  lately  by  Professors  Kennedy  and  IJnwin  gave  the  same  result. 
On  the  otiier  hand,  some  trials  simultaneously  with  the  salt  method  and 
one  of  the  other  methods,  such  as  the  wire-drawing  or  separating  method, 
have  given  this  result :  that  the  moisture  in  the  steam  indicated  by  tho 
salt  method  was  only  about  one- tenth  as  great  as  that  shown  by  the 
other  methods,  and  that  not  in  steam  taken  from  a  steam  pipe  at  a 
distance  from  the  boiler,  but  in  steam  taken  directly  out  of  the  boiler 
itself. 

It  is  clear  that  the  salt  test  can  only  indicate  boiler  water  mechanically 
mixed  with  the  steam  by  ebullition,  not  moisture  produced  in  other  ways. 
It  might  be  expected,  therefore,  that  the  salt  method  would  give  a  larger 
dryness  fraction  than  other  methods.  Whether  the  great  difference  is 
entirely  attributable  to  this  cause,  or  in  part  to  inherent  difficulties  in  the 
salt  method,  cannot  at  present  be  ascertained.  It  would  rather  seem  that 
the  Escher  method,  which  apparently  has  never  been  tried,  would  give 
the  best  results,  if  used  in  a  case  where  the  trial  extended  over  a  week  or 
more. 

A  subordinate  question  is  this.  Some  engineers  have  thought  that 
the  salt  method  was  specially  suitable  for  boiler  trials  because  it  gave 
directly  what  may  be  called  the  mechanical  priming,  although  other 
methods  were  more  suitable  for  engine  trials  where  what  is  wanted  is  a 
knowledge  of  the  absolute  quality  of  the  steam.  This  view  seems  to  be 
founded  on  a  misapprehension.  In  determining  the  efficiency  of  a  boiler 
it  is  necessary  to  know  how  much  of  the  feed  leaves  the  boiler  as  steam 
and  how  much  as  water.  If,  in  steam  taken  directly  from  the  boiler,  there 
is  more  moisture  than  corresponds  to  mechanical  priming,  that  is  as  much 
a  deduction  from  the  evaporation  of  the  boiler  as  if  it  were  mechanical 
priming.  The  product  of  the  boiler  is  so  much  wet  steam,  and  the  value 
of  this  steam  depends  on  its  dryness.  The  total  heat  utilised  depends  on 
the  dryness.  It  is  not  at  all  important  how  the  moisture  came  into  the 
steam  provided  it  is  there.  The  only  point  to  attend  to  in  a  boiler  trial 
is  that  the  steam  tested  should  be  taken  directly  from  the  boiler,  and  not 
from  a  steam  pipe  in  which  condensation  due  to  radiation  may  have  been 
going  on.  It  is  equally  desirable  that  in  an  engine  test  the  steam  should 
be  taken  from  the  steam  pipe  very  near  to  the  engine. 

Tests  to  Determine  the  Eelative  Trustworthiness  of  Different 

Methods. 

Test  of  the  Wire-drawing  Calorimeter, — The  instrument  tried  was  one 
received  direct  from  Mr.  Barrus.  It  seemed  extremely  desirable  to  get 
some  kind  of  absolute  test  of  the  trustworthiness  of  this  instrument,  as  it 
is  much  the  simplest  to  use  for  nearly  dry  steam.  Especially  it  seemed 
desirable  to  ascertain  whether  any  correction  for  radiation  or  other  loss  of 
heat  would  be  necessary.  This  can  only  be  tested  by  using  steam  of 
known  condition.  The  direction  given  in  the  instructions  accompanying 
the  instrument  is  to  test  it  with  the  steam  from  a  boiler  not  doing  much 
work,  the  steam  being  then  assumed  to  be  dry  saturated  steam.  But  this 
is  inconclusive. 

To  test  this  instrument,  a  small  superheater  was  constructed,  heated 
by  a  row  of  gas  jets.     Then  there  is  definitely  superheated  steam  in  both 
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chambers  of  the  instrument.  Let  ^/  be  the  temperature  in  the  first 
chamber,  t^  the  temperature  in  the  second  chamber  after  wire-drawing. 
Apart  from  any  loss  by  radiation,  and  assuming  that  the  kinetic  enei^ 
due  to  passage  through  the  orifice  is  reconverted  by  friction  into  heat,  the 
difference  of  temperature  in  the  two  chambers  can  be  calculated.  Let  pi 
be  the  pressure  in  the  first  chamber,  and  ty  the  corresponding  temperature 
of  saturated  steam ;  p^  the  pressure  in  the  second  chamber,  and  t^  the 
corresponding  temperature.  Since  the  total  heat  per  pound  is  the  same  in 
both  chambers, 

1082+0-305«i+0-48(</-<i)=1082  +  0-305«2+0-48(<2'-<2) 

</— «j,'=0-3646(<i— ^a)- 

In  the  following  experiment  the  pressure  in  the  second  chamber  was 
slightly  greater  than  atmospheric  pressure,  and  the  corresponding  tem- 
perature was  215**.     Putting  in  this  value 

<i'-f2'=0-3646«i-78-4. 

Teat  of  tlie  Ba/rrus  Wire-drawing  CalorinieUr  at  the  Central  Technicd 
College  with  Superlieated  Steam. — The  steam  was  taken  from  a  Babcock 
Wilcox  boiler,  and  the  engine  was  running.  Steam  valve  opened  at 
2^  49™,  and  gas  jets  of  superheater  lighted  at  3**  1".  Barometer  30-02 
=14*75  lb.  per  sq.  in.    Pressures  taken  by  a  Schaffer  and  Budenberg  gauge. 


Satura- 

Time 

Prcsaare 

by  Gauge, 

'lb.  per 

Absolnte 
Presanre, 
lb.  per 

tion  Tem- 
perature 
due  to 

Observed 
Tempera- 
ture in 

Observed 
Tempera- 
ture in 

Observed 
ti-h' 

Calcu- 
lated 

Preeaure 

First 

Second 

<i-V 

sq.  in. 

sq.  iu. 

in  First 
Chamber 

Chamber 

Chamber 

h.    m. 

^i 

<i' 

W 

3    32^ 

54 

68-75 

301-6 

324 

292 

82 

31-6 

8     35 

64 

68-75 

301-5 

323-5 

292 

31-5 

31-6 

3     37^ 

64-5 

69-25 

3020 

324 

292 

32 

31-7 

3     40 

54-5 

69-25 

3020 

325 

294 

31 

31-7 

3     45 

54 

68-75 

301-5 

3245 

295 

29-5 

31-6 

3     47i 

54 

68-75 

301-5 

324 

296 

29 

31-6 

3     60 

54-5 

69-25 

802-0 

326-5 

296 

29-6 

31-7 

3     52| 

54 

68-75 

301-6 

325-5 

296-5 

29 

31-6 

3     55 

63o 

68-25 

301-0 

326 

297 

29 

31-4 

3     57A 

54 

68-75 

301-5 

327 

298 

29 

31-6 

4    0 

66 

70-75 

303-4 

323 

291 

32 

32-2 

4    2-i 

56-6 

71-25 

303-9 

322 

288 

34 

32-4 

4     5 

54-5 

69-25 

302-0 

325 

291 

34 

31-7 

4     7i 

54-5 

69-25 

3020 

.S296 

298 

31-5 

31-7 

4     10 

54 

6875 

301-5 

332 

302 

30 

31-6 

4     12i 

54 

68-75 

301-5 

334 

304-5 

29-5 

31-6 

Means    . 

— 

— 

301-9 

325-9 

296-1 

30-78 

31-46 

The  mean  superheat  in  the  first  chamber  was  24®.  That  in  the 
second  chamber  80°*1.  There  could  be  no  doubt  therefore  as  to  the  quality 
of  the  steam.  The  observed  difference  of  temperature  </— ij'  was  remark- 
ably constant,  and  the  differences  from  the  calculated  values  are  not  great. 
The  mean  difference  of  the  observed  and  calculated  values  of  ti^t%  is 
only  0*67.    Necessarily  the  common  pressure  gauge  readings  are  only 
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approximate,  and  the  difference  is  less  than  that  which  may  be  due  to 
unavoidable  inaccuracy  in  reading  the  pressure  gauge.  Since  in  ordinary 
use  about  20**  fall  of  the  temperature  t^  corresponds  to  1  per  cent,  of 
moisture  in  the  steam,  it  appears  that  the  calculated  value  of  t^  for  dry 
steam  is  practically  exact.  Other  experiments  (though  not  over  any  great 
range  of  pressures)  have  been  made.  So  far  as  they  have  gone,  they  con- 
firm this  result.  Hence  it  appears  that  no  correction  of  the  theoretical 
calculation  is  necessary  to  obtain  practical  accuracy,  and  that  the  assump- 
tion that  all  the  kinetic  energy  at  the  orifice  reappears  as  heat  is  prac- 
tically true. 

In  fig.  6  the  temperature  curves  for  the  experiment  above  have  been 
plotted.  The  saturation  temperature  ^i,  due  to  the  steam  pressure,  calcu- 
lated from  the  pressure-gauge  readings,  and  the  actual  temperature  of 
the  superheated  steam  «„  are  shown  by  the  two  upper  lines.  The  tem- 
perature of  the  superheated  steam  in  the  second  chamber  t^^  is  shown 
by  a  full  line,  and  the  calculated  value  of  t^^  by  a  dotted  line.  The 
thermometer  being  in  an  iron  tube  necessarily  lags  a  little  behind  the 
temperature  in  the  chamber. 

TeBt  of  a  combined  Separating  and  Wire-drawing  Calorimeter  by  Mr. 
Barrus, — A  very  careful  test  is  given  by  Mr.  Barrus  in  his  paper,*  in 
which  the  steam  passing  through  the  instrument  was  condensed  in  a 
surface  condenser  and  measured.  Fairs  of  trials  were  made  under  identical 
conditions  ;  in  one  the  separator  was  in  use,  and  in  the  other  the  separator 
was  shut  off.     Each  trial  lasted  usually  an  hour,  sometimes  two  hours. 

Pairs  of  Trials  in  one  of  which  most  of  tlie  Moisture  was  trapped  in  the 
Separator^  and  in  tJte  otJier  the  whole  measured  by  Wire-drawing  or 
Heat  Gauge. 


Weight  of 
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Tempera- 
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tare  by 
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calcu- 

calcu- 

Dry. 

Total 

No. 
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in  Surface 
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nessof 

Mois- 

Thermo- 
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Con- 
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used  per 

from 

A*om 

Steam 

ture 

meter 
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denser  per 
hour 

per  hour 

hour 

Sepa- 
rator 

Heat 
Gauge 

Per 

Per 

Per 

*i 

k 

Lb. 

Lb. 

Lb. 

cent. 

cent. 

X 

cent. 

1 

312-4 

266-4 

63-87 

0-644 

64-51 

118 

0-40 

•984 

1-68 

312-2 

239-6 

63-89 

63-89 

1-80 

•982 

1-80 

2 

312-5 

267-0 

63-68 

0-684 

64-26 

1-26 

0-30 

-984 

1-56 

313-8 

241-4 
266-4 

64-97 

54-97 

1-70 

•983 

1-70 
2-73 

3 

313-G 

63-91 

1-284 

6619 

2-33 

0-40 

-973 

313-1 

225-0 

64-40 

64-40 

2-60 

-974 

2-60 

4 

314-1 

267-2 

64-60 

1-360 

65-85 

2-42 

0-40 

-972 

2-82 

314-1 

223-9 

66-32 

66-32 

2-80 

•972 

2^80 

6 

314-3 

267-9 

55-00 

1-309 

56-31 

2-33 

0-40 

•973 

2-73 

314-3 

227-1 

65-82 

65-82 

2-60 

•974 

2-60 

Mr.  Barrus  has  used  these  results  in  an  attempt  to  calculate  a  value 
for  the  specific  heat  of  superheated  steam,  and  gets  values  ranging  from 
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0*415  to  0*519,  the  mean  value  being  0*475,  almost  exactly  the  value 
generally  assumed.     It  is  hardly  to  be  expected  that  experiments  of  this 

Fitf.  6. — Barrus  Calorimeter  using  superheated  steam  at  the  Central  Technical 
College,  May  21, 1894. 
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kind  are  accurate  enough  to  prove  that  the  specific  heat  varies.  On  the 
other  hand,  Mr.  Barrus  has  neglected  to  calculate  the  dryness  fraction  of 
the  steam,  and  so  has  missed  the  striking  evidence  these  results  afford  to 
the  general  accuracy  of  the  instrument.  The  separator  was  not  a  very 
perfect  one,  and  allowed  about  0*4  per  cent,  of  moisture  to  pass.  But  the 
separator  results  cannot  be  much  wrong,  for  they  are  measured  results 
depending  on  no  assumed  constants.  The  error  in  calculating  the  0*4  per 
cent,  passing  the  separator  cannot  be  large  enough  to  much  affect  the  total 
result.  On  the  other  hand,  the  calculation  from  the  heat  gauge  when  the 
separator  was  cut  out,  which  depends  on  the  assumed  value  0*48  of  the 
specific  heat  and  on  the  theory  of  the  instrument,  agrees  strikingly  with 
the  separator  results. 

Test  of  Wvre-drarjoing  and  Separating  Calorimeter  combined, — ^The 
following  tests  have  been  arranged  to  determine  how  far  it  is  true,  as 
stated  by  Carpenter,  that  a  separator  traps  the  whole  of  the  moisture, 
even  with  very  moist  steam.  The  Barrus  calorimeter  was  used  with  its 
drip  box  or  separator.  The  amount  of  water  deposited  in  the  drip  box 
was  measured.  Observations  also  were  taken  of  the  temperatures  in  the 
two  chambers  of  the  wire- drawing  part  of  the  instrument.  Let  <|  ^2  be 
the  temperatures  in  the  first  and  second  chambers  of  the  wire-drawing 
part,  <3  the  saturation  temperature  of  steam  in  the  second  chamber 
calculated  from  the  pressure.     Then,  from  the  formula  given  above, 

_1116-<,-0*19«8+0*48<a 


1116-0-71<i 

The  dryness  in  each  experiment  has  been  calculated  by  this  formula  for 
the  steam  passing  from  the  drip  box  into  the  wire-drawing  part. 

Tests  0/ Barrus  Calorimeter  with  Separator  attaclted  at  tlie  Central 
Technical  College, 


Date 

Time 

h 

k 

h 

X 

Per  cent,  of 

Moisture  trapped 

in  Separator 

Nov.  27, 1893    . 

March  15, 1894 . 
March  28  . 

h.  in.  s. 

4  23  SO 
4  27  45 
4  27  45 
4  32  15 
4  82  16 
4  37  16 
11     9    0 
11  37  30 

11  61     0 

12  21     0 
1     2  40 
1  11  62 

\  294-6 
1  292-6 
]  289-0 
I  290-5 
}  286-4 
1  298-0 

266-2 
2570 
2570 
264-9 
261-6 
262-0 

216 
216 
215 
215 
216 
216 

•996 
•998 
•998 
•997 
996 
•997 

9 

9 

9 

6 

6-7 

4*4 

Mean    .        .  |        —              — 

— 

— 

•997 

1 

It  will  be  seen  that,  although  the  steam  entered  the  separator  with 
more  than  4*4  to  9  per  cent,  of  moisture,  the  steam  passing  through  the 
wire-drawing  part  had  only  from  0^4  to  0*2  per  cent,  of  moisture.  The 
mean  dryness  fraction  of  the  steam  passing  to  the  second  chamber  in 
the  six  tests  was  0*997,  so  that  the  error  of  using  the  separator  without 
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the  wire-drawing  part  would  generally,  for  practical  purposes,  lead  to  an 
error  of  no  great  importance,  at  any  rate,  when  the  steam  had  initially 
more  than  1  per  cent,  of  moisture.  Further,  the  separator  on  the  Barms 
calorimeter  is  not  quite  so  well  arranged  as  that  of  the  Carpenter  calori- 
meter. The  steam  leaving  the  latter  is  no  doubt  drier  than  that  leaving 
the  separator  of  the  Barrus  calorimeter. 

Test  of  a  Carpenter  separating  Calorimeter^  sliowing  the  Influence  of 
Badiaiion  from  the  Steam  Pipe  in  producing  Moisture  in  Steam, — The 
Barrus  calorimeter  and  Carpenter  calorimeter  were  fixed  side  by  side  for 
comparative  tests.  A  branch  pipe  30  feet  long  brought  the  steam  from 
the  main  steam  pipe,  which  delivered  steam  to  the  engine.  This  pipe  was 
well  clothed  with  Keenan's  composition.  The  engine  was  running,  so 
that  there  was  a  considerable  flow  of  steam  along  the  main  steam  pipe. 

Two  pairs  of  tests  were  made.  In  one  the  Carpenter  calorimeter  alone 
was  used,  and  the  flow  of  steam  along  the  30-foot  branch  pipe  was  com- 
paratively slow.  In  the  other  pair,  steam  was  flowing  through  the  Barms 
calorimeter  also.  As  this  uses  twice  as  much  steam  as  the  Caipenter,  the 
rate  of  flow  was  about  three  times  greater  than  in  the  first  pair  of  tests. 

Test  with  Carpenter  separating  Calorimeter  at  the  Central  Technical 
CoUege,  March  28,  1894. 


No. 

Duration 
Mins. 

Rise  of 
Tempera- 
ture of 
Condenser 

Steam 

coodensed 

in  lb. 

Water 
trapped 

Separator 

Per 

cent,  of 
Moisture 
in  Steam 

Absolote 
Steam 

Pressure, 
lb.  per 
sq.m. 

— 

1 
2 

8 

4 

4-833 
6-217 

6-60 

8-80 

210-7 
26°-8 

32«-6 
89°-5 

M5 
1-36 

1-77 
219 

0-20 
0-20 

14-82 
12-82 

67 
72 

72 
68 

1  No  steam  flowing 
/    throngh  Barms 

\  Steam      flowing 
j    through  BaiTus 

Mean. 

0-08 
008 

13-82 

4-33 
3-62 

Mean  . 

3-93 

The  only  diflerence  in  these  two  sets  of  experiments  was  that  the  rate 
of  flow  along  the  branch  steam  pipe  was  different.  In  the  first  set  the 
mean  moisture  was  13*82  per  cent.,  in  the  second  set  3*93  per  cent.,  being 
greater  when  the  steam  current  was  slower.  The  difference  is  due  to 
condensation  in  the  steam  pipe.  The  result  is  important  as  showing 
how  large  the  proportionate  condensation  may  be,  even  in  a  well-clothed 
steam  pipe,  when  the  rate  of  flow  is  small,  and  also  how  important  it  is, 
in  using  calorimeters  of  this  kind,  which  take  only  a  small  quantity  of 
steam,  to  place  them  closely  adjacent  to  the  engine  or  boiler  tested. 

Simultaneous  Wire-drawing  and  Salt  Test  on  a  Babcock  Boiler  at  the 
Central  Technical  CoUege, — Steam  was  taken  by  a  short  pipe  clothed  with 
felt  from  the  casting  carrying  the  safety  valve  at  the  top  of  the  boiler. 
This  pipe  branched  to  the  Barrus  calorimeter  and  to  a  worm  in  a  cold- 
water  tank,  closely  adjacent  to  each  other.  The  following  table  gives  the 
Barrus  calorimeter  results  in  full  to  show  the  consistency  of  the  deter- 
minations : — 
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Test  with  a  Barms  Wire-drawing  Calorimeter^  June  5,  1894. 

8t€am  valve  opened  at  llh.  25m.  a.m.  Barometer,  29-88  in.  =  14-68  lb.  per  sq.  inch. 
Pressure  in  second  chamber,  about  4  in.  of  water,  or  *14  lb.  per  sq.  in.  Temperature 
of  saturated  steam  corresponding  to  pressure  in  second  chamber  taken  at  t,-  213® 


Time 

Pressure  bj 

Gauffe  on 

Boiler, 

lb.  per  sq.  in. 

Temperature 
of  Steam, 

Temperature 

after 

Wire-drawing, 

ti 

Diyness  Frac- 
tion of  Steam, 

X 

Per  cent  of 

Moisture  in 

Steam. 

11.55  A.M . 

58 

301 

241 

•986 

1-4 

57i 

66 

300 

240 

•986 

1-4 

12.0 

66 

298 

236 

•985 

1^5 

,2iP.M. 

56 

298 

240 

•987 

1-3 

6 

67 

298-5 

237-5 

•986 

1-4 

7i 

59 

298 

238 

•986 

1-4 

10 

59 

300 

240-5 

•987 

1-3 

12i 

60 

300-5 

242 

•987 

1-3 

15 

60 

300-6 

242 

•987 

1^3 

17i 

59 

300 

241 

-987 

13 

20 

68'5 

800 

240 

•987 

1-3 

23 

68 

300 

242 

•988 

1-2 

25 

57-6     . 

300 

240 

•987 

1-3 

34 

67-5 

299 

241 

-987 

1-3 

59 

299-5 

242-5 

•988 

1-2 

36 

59 

300 

243'5 

•989 

1-1 

37i 

59 

300 

244 

•989 

11 

40 

69 

300 

244 

•989 

11 

42i 

69 

300 

244 

•989 

11 

45 

58 

300 

242 

•988 

1-2 

47i 

59 

300 

244 

•989 

11 

60 

67-6 

300 

244 

•989 

11 

52i 

66 

299 

243 

•988 

12 

55 

66 

298 

243 

•988 

V2 

67* 

66 

298 

243 

•988 

12 

1.0 

57-5 

299 

243-5 

•988 

1-2 

2i 

59 

300 

244 

•989 

1-1 

5 

58 

300 

244 

•989 

11 

7i 

69 

300 

244 

•989 

11 

10 

60 

300 

244 

•989 

11 

12* 

60 

301 

244-5 

•988 

1-2 

15 

60 

301 

244 

•988 

1-2 

1      Mean^ 

09877 

1-23 

1      -»«**" 

While  these  calorimeter  tests  were  made,  three  samples  of  boiler  water 
were  taken  from  the  gauge  cock  and  three  samples  of  steam  condensed  in 
the  copper  worm.  These  were  carefully  analysed  by  Mr.  Crighton,  under 
the  direction  of  Professor  Armstrong,  F.R.S.  The  following  are  the 
results : — 


BoUer  Water 

Condensed  Steam 

Moisture  in 

Steam, 

percent. 

Time 

Grams  of  NaCl 
.   in  100  c.c. 

Time 

GramBofNaCl 
in  lOOcc. 

11.50  A.H.               1-2678 

12.32  P.M.      j          1-3017 

1.14    „         1          1-2348 

12.7  P.M. 

12.28  n 

1.16  .. 

•0000919 
•0002297 
-0002756 

•0073 
•0181 
•0217 

Mean     .        .        1-2681                        Mean 0167 
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The  pei*centages  of  moisture  have  been  calculated  from  the  mean 
saltness  of  the  boiler  water.  It  will  be  seen  they  vary  considerably. 
Further,  the  moistness  from  the  salt  test  is  only  one-hundredth  as  great 
as  that  shown  by  the  wire-drawing  calorimeter. 

The  temperatures  for  the-  Barrus  calorimeter  are  plotted  in  ^g.  7,  in 
order  to  show  how  remarkably  regular  and  consistent  the  observations 
with  a  wire-drawing  calorimeter  are. 

Shmdtaneoua  Wire-drauniu/  and  Salt  Test — In  the  following  test  the 
Barrus  wire-drawing  calorimeter  was  used,  the  observations  being  taken 
by  Professor  Unwin.  Simultaneously  Professor  Kennedy  took  samples 
of  the  condensed  steam  and  boiler  water,  and  determined  the  moisture  in 
the  steam  by  the  salt  test. 

Test  of  Water  Tvhe  Boiler,  ttsing  Wire -drawing  CalorimxUfr^ 
April  11,  1894.— The  temperatures  of  the  calorimeter  thermometers 
given  are  the  means  of  two  to  five  observations  at  intervals  of  about 
one  minute,  taken  after  steam  had  been  flowing  through  calorimeter  for 
about  twenty  minutes.  They  were  taken  as  soon  as  the  temperatures 
had  become  steady.  Barometer  29936  in. s=  14-70  lb.  per  sq.  in.  Tem- 
perature of  saturated  steam  corresponding  to  pressure  in  second  chamber 
assumed  214°. 


Time 


•  April  1 1       . 


Means  . 


Prewure  |  Tempera- 
by  Gaufre    ture  m 
on  Boiler,!      First 
lb.  per     Chamber, 
8q.  in.  /, 


h.  m. 

10  14  A.M.  \  I 

10  20      ,.     /; 

10  17     .,    1,1 
10  19     „    ) 
12  14  P.M.  i 
12  18 

2  20 

2  25 


3  16 
3  18 


160-5 
1580 
160  0 
167*4 
158-3 


360-25 

35976 

3610 

3608 

300-3 


Tempera- 
ture in 
Second 

(jbamber, 


281-75 

2830 

284^ 

284-3 

284-5 


Dryneaa 
Fiactii'D 
of  Steam, 


•990 
•989 
•990 
•990 
•991 

•990 


Moisture 
in  Steam 
percent 


April  10 


Means 


. 

10  3  A.M.  \ 
10  5  ,.  / 

11  12  „  1 
11  20  ..  / 

• 

12  17  P.M.  1 
12  21  „ 

2  52  „  1 
2  55  „ 

. 

- 

161-6 
1610 
160-8 
149-0 


3570 
357-6 
359-6 
3540 


279-3 
280-6 
282-8 
2813 


•988 
•989 
•989 
•990 


•989 


10 

1-1      I 

10     I 

I 

1-0 

•9 

10 

1-2 
11 
11 
10 


11 


It  is  obvious  that  the  salt  test  shows  much  less  moisture  than  the 
calorimeter,  the  mean  moisture  by  the  former  being  1  per  cent,  and  by 
the  latter  only  about  one-tenth  as  much.  Naturally  the  salt  test  which 
shows  only  mechanical  priming  should  give  a  lower  result  than  the 
calorimeter.  But  the  salt  tests  are  so  irregular  that  it  is  impossible  not 
to  doubt  a  little  the  accuracy  of  the  method. 
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Fig.  7.— Wire-diawiDg  Calorimeter.    Experiment  at  the  Central  Tcclinical 
College,  Jane  5,  1894. 
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The  moisture  found  by  condensing  some  steam  and  determining  the 
amount  of  salt  during  the  same  trials  was  as  follows  : — 


— 

Sample 

Time 

Dryness  Fraction      Moisture  per  cent. 

April  10       . 

\ 

3 
4 

h.   m. 

10  30  A.M. 

11  38     „ 

12  34  P.M. 
1  61     „ 
3  40     „ 

[•9997] 
•9965 
[•9997] 
'■9997' 
•9997' 

Less  than  0  03 

0-35 
Less  than  0*03 

If 

Mean    . 

— 

— 

•9991 

0-094 

April  11       .        •] 

1 
2 
3 
4 

10  35  A.M.     1        [-9997] 

11  47     ,.                  ^9957 
1  40  P.M.               -9990 
3  42     „                [^9997] 

Less  than  003 

0-43 

0-10 
Less  than  003 

Means  . 

— 

—             1           -9986 

0147 

Prehistoric  and  Ancient  Re^maina  of  Glamorganshi/re, — Second 
Report  of  the   Committee^  consisting  of  Dr.   C,   T.  Vachell 
{Ghair7nan)y  Lord  Bute,  Mr.  G.  T.  Clark,  Mr.  R.  W.  Atkinson, 
Mr.  Franklen  Gt.  Evans,  Mr.  James  Bell,  Mr.  T.  H.  Thomas, 
Dr.  G.  J.  Gakson,  and  Mr.  E.  Seward  (Seo^etary).     (Drawn  up 
by  the  Secretary.) 
Although  a  list  of  all  the  known  prehistoric  and  ancient  remains  of 
Glamorganshire  has  been  compiled  on  forms  issued  by  your  Committee,  the 
work  of  specially  indicating  on  maps  the  ancient  remains  already  regis- 
tered has  not  yet  been  accomplished. 

The  desirability  of  increasing  opportunities  for  work  among  persons 
in  tlie  district  has  been  felt,  and  the  Cardiff  Naturalists'  Society,  with 
whom  the  movement  originated,  have  recently  formed  an  archaeological 
section.  This  course  was  to  some  extent  due  to  a  visit  of  the  British 
ArchaBological  Association  to  Cardiff,  during  which  many  objects  of  pre- 
historic and  archaeological  interest  were  investigated  and  described.  The 
archaeological  section  of  the  Naturalists'  Society  consists  of  about  fifty 
members,  and  it  is  intended  that  one  of  its  objects  shall  be  to  assist  in 
registering  the  position  of  ancient  remains  on  maps.  Your  Committee 
wish  to  co-operate  with  the  archaeological  section  of  the  Naturalists* 
Society,  and  request  the  sanction  of  the  Association  for  carrying  this  out. 
Such  a  connection  will  tend  to  widen  the  interest  in  the  work  and  to 
increase  the  number  of  those  who  may  be  expected  to  join  in  it. 

It  may  be  stated  that  the  Cardiff  Naturalists'  Society  have  already 
carried  out  useful  archaeological  work  within  the  county.  Of  the 
inspections,  reports,  and  sketches,  &c,,  which  have  been  msucle,  one  may 
be  specially  mentioned,  viz.,  a  paper  by  Mr.  T.  H.  Thomas  on  the 
ancient  inscribed  crosses  of  Glamorganshire,  beautifully  illustrated  by 
photographs,  and  published  in  the  Society's  Transactions  for  1893. 

During  June  1894  an  examination  of  cei-tain  mounds  on  the  Ely 
Racecourse,  near  Cardiff,  was  made  by  the  Cardiff  Naturalists'  Society. 
These  mounds  were  first  discovered  by  Mr.  John  Storrie,  one  of  its 
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members.  They  have  proved  to  be  the  remains  of  a  considerable  Roman 
villa,  and  fragments  of  hypocaust  pipes,  Samian  ware,  and  light  grey  pre- 
historic pottery,  together  with  black  pottery  and  Roman  coins,  have  been 
found. 

Through  the  Museum  Committee  of  the  Cardiff  County  Council  casts 
in  plaster  of  two  of  the  most  remarkable  of  these  crosses  have  been 
secured.  These  casts  have  lately  been  placed  in  the  Cardiff  Museum  as 
a  nucleus  of  a  typical  collection  of  casts  of  the  ancient  inscribed  stones 
and  crosses  of  Glamorganshire. 

In  addition,  the  whole  of  the  known  inscribed  crosses,  with  two  or 
three  exceptions,  have  been  photographed  by  Mr.  T.  Mansell  Franklen^ 
the  Clerk  of  the  Peace  for  Glamorganshire,  and  these  are  available  for 
purposes  of  study  in  the  Reference-room  of  the  Cardiff  Central  Free 
Library. 

Ethnographical  Survey  of  the  United  Kingdom. — Second  Report 
of  the  Committee^  consisting  of  Mr.  E.  W.  Brabrook  ( Chair- 
man\  Mr.  Francis  Galton,  Dr.  J.  G.  Garson,  Professor  A.  C. 
Haddon,  Dr.  Joseph  Anderson,  Mr.  J.  Romilly  Allen,  Dr.  J. 
Beddoe,  Professor  D.  J.  Cunningham,  Professor  W.  Boyd  Daw- 
kins,  Mr.  Arthur  Evans,  Mr.  E.  Sidney  Hartland,  Sir  H. 
HowoRTH,  Professor  R.  Meldola,  General  Pitt-Bivers,  Mr.  E.  G. 
Ravenstein,  and  Mr.  G-.  W.  Bloxam  (Secretary).  {Drawn  up 
by  the  Chairman.) 

APFEXDIX  PAGK 

I.  Form  of  Schedule 42(> 

11.  Directions  for  Measurement 42H 

III.  The  EthTwgraphical  Surrey  of  Ireland, — Report  of  the  Committee  .429 

1.  As  in  the  previous  year,  the  Committee  have  had  the  advantage  of  the 
co-operation  of  several  gentlemen  not  members  of  the  Association,  but 
delegates  of  various  learned  bodies  who  are  interested  in  the  Survey. 
They  have  to  deplore  the  loss,  by  death,  of  one  of  these  gentlemen,  Mr. 
H.  S.  Milman,  director  of  the  Society  of  Antiquaries,  who  had  been 
delegated  by  that  Society  and  had  rendered  much  assistance  in  the  earlier 
stages  of  the  work.  His  place  has  been  filled  by  the  election  by  the  same 
Society  of  its  Vice-President,  Mr.  Granville  Leveson-Gower,  of  Titsey 
Place,  as  a  delegate  to  tliis  Committee.  His  colleague,  Mr.  George  Pajme, 
and  Mr.  E.  Clodd,  Mr.  G.  L.  Gomme,  and  Mr.  J.  Jacobs,  the  representa- 
tives of  the  Folk  Lore  Society,  Sir  C.  M.  Kennedy,  K.C.M.G.,  representing 
the  Royal  Statistical  Society,  Mr.  Edward  Laws,  the  Ven.  Axchdeacon 
Thomas,  Mr.  S.  W.  Williams,  and  Professor  John  Rhys,  representing  the 
Cambrian  Archaeological  Association,  and  Dr.  C.  R.  Browne,  a  representa- 
tive of  the  Royal  Irish  Academy,  have  continued  their  valuable  services. 
Some  other  members  of  the  Committee  are  delegated  by  the  Anthropological 
Institute. 

2.  In  their  first  report  the  Committee  presented  a  list  of  264  villages 
or  places  which,  in  the  opinion  of  competent  persons  consulted  by  the 
Committee,  appeared  especially  to  deserve  ethnographic  study,  and  they 
appended  to  the  list  observations  furnished  by  their  correspondents  on  the 
special  characteristics  of  such  villages  and  places,  which  rendered  them 
typicaL     This  considerable  number  does  not  exhaust  the  supply  of  names 
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of  places,  several  more  having  been  received  since  the  first  report  was 
prepared. 

3.  In  the  first  report  it  was  stated  that  no  villages  had  been  suggested 
in  Northumberland.  This  omission  has  since  been  supplied  by  the  kind- 
ness of  Mr.  R.  O.  Heslop,  who  has  furnished  the  following  list : — 

North. — Tweedmouthy  Berwick  (Romany  influence  in  folk  speech)^ 
Ford,  ComJiill,  Lowick,  Wooler,  Belford,  Hamburgh,  EmbleUmj 
Longbroughton,  Almoick^  Whittinghamy  Warkwartli,  Rothbury^ 
HarboitUy  Ulsdon. 

South. — Morpetli^  WhcUton,  Starnfordham,  PonUland, 

Ttkeside  (co.  of  Durham). — Blaydon,  Winlaton  SwalwiU,  WhickJiam, 
Low-Fell,  Birtley,  XJsworth. 

Northumberland. — Newbum,  Neiccastle  (keelmen's  quarter),  North 
Shields. 

West  Tyne. — Wylam,  Hedley-on-the-Hill,  Slaley,  Blanchland,  Cor- 
bridge^  Hexham  (a  tinker  and  Irish  quarter),  Acomb,  Humshagh, 
Birtley^  Wark,  BeLlinghamy  Bardon  Mill,  Haydon  Bridge,  Whit- 
field. 

South- Western  (mixture  of  lead-mining  population). — Allendale 
Town,  Allenheads,  Slaggyford,  Haltwhistle. 

Mr.  Heslop  thinks  that  capable  observers  could  be  obtained  at  the 
places  printed  in  italics,  and  has  furnished  the  following  summary  of  the 
spocial  features  of  the  district : — 

Fishermen  (self-contained  and  intermarried  communities). — Berwick, 
Spital,  Holy  Island^  North  Sunderland,  Newton,  Boulmer,  New- 
biggin,  Cullercoats. 
Pilots  and  Boatmen,— l^ovth  and  South  Shields. 
f  Pitmen. — Bachworth,  Seghill,  Acklington. 

\KeelmAn, — Sandgate,    (Newcastle),    Dunston,    Blaydon,    Lemington, 
Felling  Shore  (co.  Durham). 

The  pitmen  and  keelmen  of  the  Tyne  are  chiefly  descended  from 
the  Border  clans. 
Shepherds. — Harbottle,  Wooler,  Head  of  Reedsdale.     (The  Cheviot 
men,  of  the  wide  district  embracing  the  Cheviot  range  on  the  North- 
umberland Ride,  would  have  to  be  observed  from  these  points.) 

4.  Mr.  £.  W.  Oox,  of  Bebington,  has  furnished  the  following  list  of 
places  in  the  neighbourhood  of  that  part  of  Cheshire  and  Lancashire  : — 


Norton,  near  Runcorn. 

Famworth,  near  Warrington. 

Frodsham. 

Kelsby. 

Delamere  Forest. 

Hale. 

Speke  and  Oglct. 

Wool  ton. 

Wavertree. 

West  Derby. 

Walton. 

Crosby . 


Fazakerley. 

Formby. 

Ormskirk. 

Burscough. 

Altcar. 

Sefton. 

Maghull. 

Ruffbrd. 

North  Meols,  Lancashire. 

Mealse,  in  the  district  of  Meols, 

in  Cheshire. 
Grange. 
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APPENDIX  11. 

Directions /or  JfeasuremetU^ 

Instrument  required  for  these  measurements  : — The  *  Traveller's 
Anthropometer/  manufactured  by  Aston  A  Mander,  25  Old  Compton 
Street,  London,  W.C. ;  price  3L  38.  complete ;  without  2-metre  steel 
measuring  tape  and  box  footpiece,  21.  lOs.  With  this  instrument  all  the 
measurements  can  be  taken.  In  a  permanent  laboratory  it  will  be  found 
convenient  to  have  a  fixed  graduated  standard  for  measuring  the  height, 
or  a  scale  affixed  to  a  wall.  For  field  work  a  tape  measure  may  be  tem- 
porarily suspended  to  a  rigid  vertical  support,  wiik  the  aero  just  touching 
the  ground  or  floor.  A  2-metre  tape,  a  pair  of  folding  callipers,  a  folding 
square,  all  of  which  are  graduated  in  millimetres,  and  a  small  set-square 
can  be  obtained  from  Aston  &  Mander  for  IL  6«.  ;  with  this  small 
equipment  all  the  necessary  measurements  can  be  taken. 

Height  Standing. — The  subject  should  stand  perfectly  upright,  with 
his  back  to  the  standard  or  fix^  tape,  and  his  eyes  directed  horizontally 
forwards.  Care  should  be  taken  that  the  standard  or  support  for  the  tape 
is  vertical.  The  stature  may  be  measured  by  placing  the  person  with  his 
back  against  a  wall  to  which  a  metre  scale  has  been  affixed.  The  height 
is  determined  by  placing  a  carpenter's  square  or  a  large  set-square  against 
the  support  in  such  a  manner  that  the  lower  edge  is  at  right  angles  to  the 
scale  ;  the  square  should  be  placed  well  above  the  head,  and  then  brought 
down  till  its  lower  edge  feels  the  resistance  of  the  top  of  the  head.  The 
observer  should  be  careful  that  the  height  is  taken  in  the  middle  line  of  the 
head.  If  the  subject  should  oliject  to  take  off  his  boots,  measure  the 
thickness  of  the  boot-heel,  and  deduct  it  from  stature  indicated  in  boots. 

Height  Sitting. — For  this  the  subject  should  be  seated  on  a  low  stool 
or  bench,  having  behind  it  a  graduated  rod  or  tape  with  its  zero  level  with 
the  seat ;  he  should  sit  perfectly  erect,  with  his  bax^k  well  in  against  the 
scale.  Then  proceed  as  in  measuring  the  height  standing.  The  square 
should  be  employed  here  also  if  the  tape  against  a  wall  is  used. 

Length  of  Cranium. — ^Measured  with  callipers  from  the  most  prominent 
part  of  the  projection  between  the  eyebrows  (glabella)  to  the  most  distant 
point  at  the  back  of  the  head  in  the  middle  line.  Care  shoidd  be  taken 
to  keep  the  end  of  the  callipers  steady  on  the  glabella  by  holding  it  there 
with  the  fingers,  while  the  other  extremity  is  searching  for  the  maximum 
projection  of  the  head  behind. 

Breadth  of  Cranium. — The  maximum  breadth  of  head,  which  is  usually 
about  the  level  of  the  top  of  the  ears,  is  measured  at  right  angles  to  the 
length.  Care  must  be  taken  to  hold  the  instrument  so  that  both  its  points 
are  exactly  on  the  same  horizontal  level. 

Face  Length. — ^This  is  measured  from  the  slight  furrow  which  marks 
the  root  of  the  nose,  and  which  is  about  the  level  of  a  line  drawn  from  the 
centre  of  the  pupil  of  one  eye  to  that  of  the  other,  to  the  under  part  of  the 
chin.  Should  there  be  two  furrows,  as  is  often  the  case,  measure  from 
between  them. 

Upper  Face  Length. — From  root  of  nose  to  the  interval  between  the  two 
central  front  teeth  at  their  roots. 

Fotce  Breadth. — Maximum  breadth  of  face  between  the  bony  projections 
in  front  of  the  ears. 

Inter-ocular  Breadth. — Width  between  the  internal  angles  of  ths  eyes. 
While  this  is  being  measured  the  subject  should  shut  his  eyes. 
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Bigonial  Breadth, — Breadth  of  face  at  the  outer  surface  of  the  angles 
of  the  lower  jaw  below  the  ears. 

J^096  Length, — From  the  furrow  at  root  of  nose  to  the  angle  between 
the  nose  and  the  upper  lip  in  the  middle  line. 

Breadth  of  Nose. — Measured  horizontally  across  the  nostrils  at  the 
widest  part,  but  without  compressing  the  nostrils. 

Height  of  Head, — ^The  head  should  be  so  held  that  the  eyes  look  straight 
forward  to  a  point  at  the  same  level  as  themselves — i.e.  the  plane  of  vision 
should  be  exactly  horizontal.  The  rod  of  the  Anthropometer  should  be 
held  vertically  in  front  of  the  face  of  the  subject,  and  the  upper  straight 
arm  should  be  extended  as  far  as  possible  and  placed  along  the  middle 
line  of  the  head  ;  the  shorter  lower  arm  should  be  pushed  up  to  the  lower 
surface  of  the  chin.  When  measured  with  the  square  the  depending  bar 
must  be  held  vertically  in  front  of  the  face  (with  the  assistance  of  the 
spirit-level  or  plumb-line),  and  the  small  set-square  passed  up  this  arm 
from  below  in  such  a  manner  that  its  horizontal  upper  edge  will  come  into 
contact  with  the  lower  contour  of  the  chin.  The  distance  between  the 
lower  edge  of  the  horizontal  bar  of  the  square  and  the  upper  edge  of  the 
set-square  can  be  read  off,  and  this  will  be  the  maximum  height  of  the 
head. 

Height  of  Cranium, — The  head  being  held  in  precisely  the  same  manner 
as  in  measuring  the  height  of  the  head,  the  instrument  is  rotated  to  the 
left  side  of  the  head,  its  upper  bar  still  resting  on  the  crown,  and  the 
recording  arm  (or  the  set-square)  is  pointed  to  the  centre  of  the  line  of 
attachment  of  the  small  projecting  cartilage  in  front  of  the  ear-hole. 


Note. — It  is  essential  that  these  rules  should  be  strictly  followed  in 
order  to  secure  accuracy.  All  measurements  must  be  made  in  millimetres. 
If  possible,  the  subject's  weight  should  be  obtained,  and  recorded  in  the 
place  set  apart  for  remarks.  The  observer  is  recommended  to  procure 
*  Notes  and  Queries  on  Anthropology,'  2nd  edition,  from  the  Anthropo- 
logical Institute,  3  Hanover  Square,  London,  W. ;  net  price,  3«.  ^d. 


APPENDIX  III. 


The  Ethnographical  Survey  of  Ireland, — Report  of  tJie  Committee^  consisting 
of  Br,  C.  R.  Browne,  Professor  D.  J.  Cunningham,  Dr.  S.  Haughton^ 
Professor  E.  Perceval  Wright,  and  Professor  A.  C.  Haddon  (Secre- 
tary).    (Drawn  up  by  tlie  Secretary,) 

The  following  is  a  brief  statement  of  the  work  done  by  the  Committee 
of  the  Ethnographical  Survey  of  Ireland. 

Dublin. 

A  note  ^  on  the  steps  then  taken  and  the  chief  objects  in  view  was 
read  before  the  Anthropological  Institute  in  August  1891.  In  December 
of  the  same  year  Dr.  Browne  made  a  communication  ^  to  the  Royal  Irish 
Academy  on  some  instruments. 

^  Canningham,  D.  J.,  and  Haddon,  A.  C,  The  *  Anthropometric  Laboratoiy  of 
Ireland/  Journ.  Anthrop.  Ifut,,  vol.  zxi.  1891,  pp.  85-38. 

*  Browne,  C.  R.,  '  Some  New  Antbropometrical  iDBtruments,*  JProc,  Eoy,  Irisli 
Aead.  [3],  vol.  u.  1892,  pp.  397-399.  2  figs. 
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Measurements  and  observations  have  since  then  been  continuously 
made  in  the  Anthropometric  Laboratory  in  Trinity  College,  Dublin,  and 
up  to  the  present  time  nearly  500  persons  have  been  measured.  The 
tabulation  of  the  results  has  been  commenced. 

The  first  ethnographical  £eld  excursion  was  to  the  Aran  Islands  in 
Galway  Bay.  Instead  of  attention  being  confined  to  anthropometric  data 
it  was  deemed  advisable  to  make  a  sociological  study  of  the  people  as  well. 
The  table  of  contents  of  the  report  ^  as  read  before  the  Royal  Irish  Academy 
on  December  12,  1892,  is  as  follows: — 'I.  Introduction  ;  11.  Physio- 
graphy ;  III.  Anthropography.  1.  MetJwds  :  (a)  Hair  and  Eye  Colour, 
(b)  Head,  Face,  and  Body  Measurements,  (c)  Instruments  used,  (d)  General 
Remarks  on  Methods  employed,  (b)  Photography.  2.  (a)  Physical 
Characters^  (b)  Statistics  of  Hair  and  Eye  Colour,  (c)  Detailed  List  of 
Measurements,  (d)  Analysis  of  the  Statistical  Tables.  3.  Vital  Statistics 
(General  and  Economic) :  (a)  Population,  (b)  Acreage  and  Rental,  (c) 
Language  and  **  Illiterancy,"  (d)  Health.  4.  Psychology.  5.  Language^ 
Folk-names.  IV.  Sociology.  1.  Occupations ;  2.  Family -life  and  Customs ; 
3.  Clothing ;  4.  Dwellings ;  5.  Transport,  V.  Folk-lore  ;  VI.  Archaeo- 
logy. 1.  Survivals ;  2.  Christian  Antiquities ;  3.  Paga/n  Antiquities,  VII. 
History  ;  VIII.  Ethnology  ;  IX.  Bibliography.' 

The  second  expedition  was  to  Inishbofin  and  Imshshark,  islands  off 
the  Korth  Galway  coast.  The  report,^  which  was  on  the  same  lines  as  the 
previous  one,  was  read  before  the  Academy  on  November  30,  1894. 

The  craniology  of  the  Irish  has  not  been  neglected  by  the  Committee, 
and  accounts  have  been  published  of  crania  from  the  Aran  Islands,^ 
Inishbofin  ^,  ^,  and  co.  Tipperary.^  Dr.  W.  Frazer  also  describes  two 
Irish  crania  in  *Proc.  Roy.  Irish  Acad.'  [3],  vol.  ii.  1893,  pp.  643-647. 

For  folk-lore  papers  '\  ^,  ^,  and  ®  may  be  consulted. 

This  summer  Dr.  Browne  made  a  third  expedition  to  the  west  coast  of 
Ireland,  and  has  brought  back  a  large  series  of  measurements  and  obser- 
vations from  the  district  of  Erris,  in  co.  Mayo,  which  will  be  duly  published 
by  the  Royal  Irish  Academy. 


Belfast. 

An  ethnographical  committee  has  been  established  in  Belfast.  An 
account  of  its  formation  will  be  found  in  the  *  Annual  Report  and  Pro- 
ceedings of  the  Belfast  Naturalists'  Field  Club,'  iii.  1892-93,  p.  542,  and 

'  Browne,  C.  R., '  On  some  Crania  from  Tipperary,'  Proc.  Boy.  IrUh  Acad.,  1893, 
pp.  649-654. 

*  Haddon,  A.  C,  *  Studies  in  Irish  Craniology :  The  Aran  Islands,  Co.  Galway, 
IHd..  pp.  759-767. 

*  Haddon,  A.  C,  and  Browne,  C.  R.,  <The  Ethnology  of  the  Aran  Islands, 
Co.  Galway,*  Ibid.,  pp.  768-830, 1  fig.  pis.  xxii.-xxiv. 

*  Haddon,  A.  C,  •  A  Batch  of  Irish  Folk-lore  *  (with  collections  by  Miss  Emily 
Fitzgerald,  Miss  Sinclair,  Mr.  D.  H.  Lane,  Dr.  C.  R.  Browne,  Miss  G.  C.  Campbell, 
Miss  A.  Watson,  and  others),  FoUt-lore,  vol.  iv.  1893,  pp.  349-364. 

">  Haddon,  A.  C,  *  The  Aran  Islands,  Co.  Galway :  A  Study  in  Irish  Ethnography,' 
Irish  Naturdligt,  vol.  ii.  1893,  pp.  303-308,  pi.  viii.  (abstract  of  No.  5). 

■  Haddon,  A.  C, '  Studies  in  Irish  Craniology :  II.  Inishbofin,  Co.  Galway,'  Proc. 
Roy,  Irish  Acad.  [3],  vol.  iii.  1894,  pp.  311-316. 

»  Browne,  C.  R.,  *  The  Ethnography  of  Inishbofin  and  Inisbshark,  Co.  Galway,'  iW., 
pp.  317-370,  pis.  viii.,  ix. 
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iv.  1893-94,  p.  52.  The  half-dozen  papers,  *-«,  that  have  been  published 
by  the  Belfast  Committee  are  on  purely  folk-lore  subjects.  This  energetic 
club  also  studies  local  archaeology,  which  is  also,  within  limits,  a  branch  of 
ethnography.  Since  the  Committee  has  been  formed  the  following  papers 
have  been  published  : — Gray,  W.,  paper  on  *  Worked  Flints  :  Ancient 
and  Modern '  (vol.  iii.  pp.  548-669,  3  figs.,  pis.  L-viii.)  ;  Dickson,  J.  M., 
'  Relative  Antiquity  of  Rath,  Cromleac,  and  Burial  Tumulus,  as  evidenced 
by  some  Ancient  Remains  near  Dromore,  Co.  Down '  (vol.  iv.  pp.  55-70, 
1  fig.)  ;  Bigger,  F.  J.,  *  Prehistoric  and  Historic  Forts  and  Raths  in  the 
City  and  Vicinity  of  Belfast'  (iv.  pp.  71-81,  4  plans).  Mr.  R.  Welch,  a 
member  of  the  Committee,  is  making  a  most  valuable  series  of  photographs 
illustrative  of  the  ethnography  of  Ireland,  especially  of  Ulster, 


The  Lake  Village  at  Olastoribury. — Report  of  the  Committee  consistiiig 
of  Dr.  R.  MuNBO  (Chairman),  Mr.  A.  BuLLEiD  (Secretary)^ 
Professor  W.  Boyd  Dawkins,  General  Pitt-Rivers,  and  Sir  John 
Evans.     (Draivn  vp  hy  the  Secretary,) 

Thb  work  at  the  British  lake  village  near  Glastonbury  has  been  much 
retarded  by  the  flood-water  that  accumulated  during  the  winter,  and  by  the 
heavy  rains  during  the  spring.  Digging  had  to  be  abandoned  last  autumn 
a  fortnight  after  the  Association  meeting  at  Nottingham,  and  it  was  not 
until  the  early  part  of  May  this  year  that  the  water  had  fallen  low 
enough  to  allow  a  recommencement  of  the  investigations  ;  even  up  to  the 
date  of  writing,  July  10,  it  is  still  necessary  to  keep  the  pumps  in  daily 
use.  During  the  seasons  of  1892  and  1893  the  time  was  chiefly  taken  up 
with  the  examination  of  fifteen  dwelling  mounds,  and  of  the  causeway 
and  other  stone  and  timber  structures  in  the  peat  outside  the  village 
margin.  This  year,  so  far,  has  been  occupied  with  tracing  the  village 
border  to  the  extent  of  550  feet,  or  about  one -third  of  its  total  circum- 
ference ;  and  the  investigations  have  not  only  brought  to  light  much 
valuable  information  relating  to  the  size  and  shape  of  the  village,  but 
have  established  the  following  facts  : — 

(a)  That  the  village  was  originally  surrounded  by  the  water  of  a 
shallow  mere. 

(h)  That  five  feet  of  peat  accumulated  during  its  occupation. 

{c\  That  a  strong  palisading  of  posts  and  piles  protected  the  village. 

{a)  That  the  groundwork  of  the  village,  so  far  at  least  as  its  margin 
is  concerned,  is  artificial  for  the  depth  of  five  feet. 

The  palisading  at  the  edge  of  the  village  is  formed  of  piles  three  to 
nine  inches  in  diameter,  and  from  Ioyq  to  eleven  feet  in  length,  kept 
together  by  more  or  less  coarse  hurdle-work.  Although  in  many  places 
the  piles  are  much  displaced  and  decayed,  yet  they  form  a  fairly  perfect 
and  continuous  though  irregular  line — at  some  parts  they  are  placed  so 

>  Bigger,  P.  J.,  •  Local  Folk-lore/  Belfast  Nat.  Field  Club,  Ann,  Bep,  and  Proc. 
[2].  vol.  iii.  1892-93,  pp.  645-648. 

«  Mollan,  Lily  S.,  *  Pishogues  from  Tipperary,'  Ihid,,  pp.  571-573. 
»  Patterson,  W.  H.,  *  Irish  Fairies/  Ibid,,  pp.  573-583. 

*  Blair  (Mrs.),  *  Items  of  Folk-lore,  principally  from  Co.  Down,'  7Krf.,  pp.  583-686. 

*  Patterson,  Clara  M.,  *A  Few  Children's  Games,'  IHd.,  vol.  iv.  1892-94, 
pp.  48-62. 

*  Gray,  W.,  •  Our  Holy  Wells :  A  Folk-lore  Chapter,'  Ibid.,  pp.  86-96. 
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closely  together  that  from  fifty  to  seventy  have  been  counted  in  the  space 
of  ten  feet.  The  majority  slope  outwards,  having  the  appearance  of 
chevaitx  de/rise,  at  angles  varying  with  the  state  of  preservation  of  the 
border ;  but  a  large  proportion  of  them  were  undoubtedly  driven  in 
vertically,  and  have  been  either  broken  off  or  gradually  forced  out  into 
their  present  position.  Some  piles  barely  reach  the  true  peat,  whilst 
others  pierce  it  for  several  feet ;  occasionally  a  few  vertical  piles  are  still 
seen  among  the  slanting  :  these  probably  show  repairs  to  the  border. 

The  border  of  the  village  has  a  very  irregular  outline,  the  piles  being 
arranged  in  varying  curves:  this  unevenness  has  been  proved  in  some  places 
to  be  due  to  extension  of  the  village.  The  surface  of  the  border  immedi- 
ately inside  the  piles  is  formed  of  trunks  of  trees  and  large  pieces  of 
timber  placed  side  by  side  parallel  to  the  margin,  and  reaching  eight  to 
twelve  feet  inwards  ;  underneath  these  more  timber  is  found,  alternating 
with  layers  of  clay  and  brushwood,  with  which  are  intermingled  patches 
of  stone,  peat,  rush,  and  bracken  to  the  depth  of  five  feet. 

Numerous  and  important  objects  have  been  unearthed  this  season 
from  the  peat  outside  the  village  at  all  depths  down  to  seven  feet  three 
inches,  and  as  far  as  eighty  feet  from  the  village  border.  Pottery — hand 
and  wheel  made — clay  pellets  (so-called  sling-stones),  baked  and  unbaked, 
and  bones  of  animals  are  still  met  with  at  all  points  in  great  quantities. 
Recently  a  decorated  wheel-made  bowl  of  black  ware  has  been  found  in 
perfect  preservation  and  highly  finished,  four  inches  high,  and  five  inches 
across  the  rim,  besides  numerous  other  pieces  of  pottery  elaborately 
marked  with  designs  of  circles,  curved  ajad  flowing  Hnes,  and  triangles. 
Many  of  these  fragments  are  doubtless  capable  of  reconstruction. 

Flint, — Besides  several  scrapers,  one  good  arrow-head. 

Bronze. — ^The  find  of  greatest  importance  in  this  metal  has  been  a 
well-preserved  bowl  measuring  4^  inches  across  the  rim.  It  is  made  of 
two  pieces  riveted  together  :  the  outside  decoration  consists  of  the  row  of 
rivet-heads  or  bosses  almost  an  inch  below  the  rim,  and  two  fine  lines  of 
punched  work  near  the  edge  ;  the  under  surface  is  semicircular,  and  a  hole 
in  it  had  been  evidently  made  good  by  riveting  on  a  small  piece.  Amongst 
the  other  objects  of  bronze  are  two  more  spiral  finger-rings  and  a  pen- 
annular  ring  brooch. 

Iron. — Of  this  metal  there  is  a  reaping  hook,  together  with  its  wooden 
handle,  sixteen  inches  in  length,  and  a  primitive  sickle  with  riveted  wood 
handle  complete,  in  length  ten  inches. 

Lead. — A  spindle  whorl  decorated  with  three  parallel  lines,  and  a 
flattened  disc  or  weight  of  about  one  and  a  quarter  inch  in  diameter. 

Bones. — More  human  remains  have  been  met  with  this  year  than  pre- 
viously, including  a  complete  skull  showing  several  sword  or  axe-marks  : 
no  other  bones  belonging  to  the  body  were  discovered  near  it. 

Professor  Boyd  Dawkins  has  examined  the  sample  of  animal  bones 
forwarded  to  him,  and  among  them  he  has  found  the  following  mammals 
and  birds  represented  : — 

Domestic  Mammals  Domestic  Birds 

Bos  longif  rons  Gallus  domesticus 

Capra  hircus 

Ovis  aries 

Sus  scrofa 

Equus  caballus 

Canis  familiaris 
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Wild  Mammals  Wild  Birds 

Felis  catus  ferus  Crane  abundant 

Lutra  vulgaris  Swan  abundant 

?  Canis  lupus  Heron 

Sus  scrofa  ferus  Diver,  species  ? 

Castor  fiber  Mallard 

Cervus  elaphus  Grebe 
Cervus  capreolus 
Arvicola  amphibia 

Many  very  interesting  objects  have  been  found  this  year  made  of 
cut  wood,  amongst  them  being  seventeen  pieces  of  a  mortised  frame- 
work, probably  part  of  a  second  loom,  another  having  been  found  last 
summer. 

Portions  of  a  small  stave-made  bucket  with  decorated  side.  The 
greater  part  of  a  solid  cut  tub  in  fragments,  six  inches  high,  and  about 
twelve  inches  in  diameter,  the  outside  decoration  being  of  a  very  bold  and 
beautiful  description. 

Part  of  the  axle  of  a  wheel,  with  bases  of  two  spokes  in  situ.  The 
length  of  the  axle  is  fourteen  inches,  its  diameter  six  inches,  and  the  length 
of  a  spoke  being  twelve  inches.  The  whole  is  of  light  construction  and 
of  peif  ect  workmanship,  and  was  probably  a  potter's  wheel. 

A  large  font-shaped  block  of  timber,  three  feet  high  and  two  feet  in 
diameter.  The  top  is  flat,  showing  complete  impressions  of  the  sharp 
edge  of  the  axe  with  which  it  was  cut. 

Unbaked  clay  pellets,  or  so-called  sling-stones,  have  been  found  in 
hundreds,  and  among  the  other  things  dug  out  of  the  peat  are  spindle 
whorls,  quern  stones,  wattle,  and  crevice- marked  clay,  and  portions  of 
loom  weights.  The  bones  of  animals  have  been  met  with  in  such  quantities 
in  some  places  that  a  wheel-barrow  full  has  been  obtained  from  a  square 
yard  of  peat. 

The  botanical  specimens  have  been  submitted  to  Mr.  J.  G.  Baker, 
F.R.S.,  of  Kew,  who  has  kindly  given  the  following  report,  and  further 
specimens  are  to  be  forwarded  to  him. 

'  Eeport  on  the  peat  from  the  British  village  at  Glastonbury  : — 

^Leaves. — It  contained  abundant  leaves  of  Sadix  cinerea,  a  species 
everywhere  abundant  in  Britain  at  the  present  time,  not  restricted  to 
damp  places.  On  some  of  the  leaves  were  found  Hhytisma  Salicinumy  a 
minute  fungus.     There  were  a  few  leaves  of  Myrica  Gale. 

*  Twigs. — Probably  these  belong  to  Salix  cinerea. 

'  Seeds. — The  abundant  seeds  represent  three  genera — Ranunculus,  Pota- 
mogeton,  and  Carex.  All  these  are  large  genera,  and  it  is  impossible  to 
say  which  species  they  represent.     Potamogeton  indicates  a  lake  or  pool. 

'Altogether  the  peat  contains  nothing  whatever  that  might  not  be 
found  living  in  the  surrounding  district  at  the  present  time.' 

Very  careful  and  accurate  notes  are  taken  of  everything  that  is  found, 
and  all  piles,  posts,  large  pieces  of  timber,  and  stone  are  marked  on  the 
plans ;  the  depth  at  which  important  objects  are  found  is  also  noted,  and 
photographs  are  taken  and  drawings  made. 

There  still  remain  two-thirds  of  the  village  border  to  be  traced,  and 
nearly  fifty  dwelling  mounds  and  about  five-sixths  of  the  entire  village 
area  to  be  examined. 

1894.  ^.FF     I 
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All  the  objects  that  it  has  been  possible  to  move  to  the  Glastonbury 
Museum  have  already  been  placed  and  arranged  there  in  the  cases  ;  but 
the  finest  specimens  of  cut  woodwork  are  of  too  perishable  a  nature  to  be 
kept  in  the  museum,  and  are  at  present  kept  in  zinc  troughs  at  Mr. 
Bulleid's  house. 


Physical  and  Mental  Deviations  from  the  Normal  among  Children  in 
Public  Elementary  and  other  Schools. — Report  of  the  Committee^ 
consisting  of  Sir  Douglas  Galton  (Chairman),  Dr.  Francis 
Warner  (Secretary)^  Mr.  E.  W.  Brabrook,  Dr.  Garson,  Mr. 
G.  W.  Bloxam,  arid  Dr.  Wilberforce  Smith.  (Report  drawn  up 
hy  the  Secretary.) 

APPEKDIX  PACSF. 

I.     Certificate  as  to  a  CJUld  requiring  Special  Educational  Training  .        .437 

II.    Statistical  Report  concerning  50,000  Children 437 

III.    Distribution  of  the  Cases  teen  as  to  Standards 43s 

The  Committee,  acting  in  conjunction  with  a  Ck)mmittee  appointed  for 
the  same  purpose  by  the  International  Congress  of  Hygiene  and  Demo- 
graphy, are  now  able  to  report  on  50,000  children  seen  individually  in 
sixty- three  schools  by  Dr.  Francis  Warner,  1892-94. 

The  methods  of  examination  employed,  and  the  points  observed,  were 
described  fully  in  our  last  report.  A  complete  actuarial  investigation  of 
the  8,941  children  deviating  from  the  normal  in  some  respect,  of  whom 
notes  were  taken,  is  in  hand.  Some  portions  of  the  statistical  results  are 
appended.  The  general  conclusions  arrived  at,  and  recommendations 
founded  on  the  observations,  are  now  given. 

It  is  quite  possible  to  report  on  any  group  of  children,  or  group  of 
schools,  as  to  the  physical  and  mental  conditions  most  prevalent  among 
them,  and  to  compare  these  with  an  established  average. 

Groups  of  children,  arranged  according  to  their  physical  condition, 
may  be  traced  through  the  educational  standards  of  the  school,  thus 
showing  that  unconsciously  those  of  defective  body  and  brain  condition 
remain  mostly  in  the  lower  standards,  and  are  frequently  over  age  for  the 
standard  in  which  they  are  found. 

The  ages  at  which  the  children  present  certain  physical  and  nerve - 
irregularities  can  be  traced,  thus  affording  a  basis  for  the  determination 
of  the  age-prevalence  of  defective  conditions,  and  the  most  frequent  ages 
at  which  they  appear  and  disappear. 

The  general  results  of  detailed  study  of  the  conditions  of  school 
children  show  that — 

There  is  a  large  group  of  chUdren  who  appear  to  need  special  care  and 
training,  including  the  crippled,  maimed,  deformed,  and  paralysed ;  children 
mentally  deficient  or  presenting  some  deficiency;  and  epileptics: — ^Boys, 
157;  Girls,  147. 

To  these  may  be  added  children  constitutionally  weak  and  dull,  making 
altogether  about  sixteen  per  1,000  of  the  child  population.  As  to  methods 
of  reporting  and  certifying  these  cases,  see  last  paragraph  of  this  reports 

Defects  in  development  indicate  inherited  and  congenital  tendency  to 
delicacy,  both  of  body  and  in  brain  action ;  they  are  extremely  frequent 
in  all  classes  of  society,  not  least  so  among  the  upper  social  grades.     It 
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appears  probable  that,  to  a  great  extent,  such  defects  may  be  rendered  less 
numerous  among  the  population  by  hygienic  care  with  regard  to  buildings, 
light  and  air,  <&c. 

As  to  children  presenting  irregularities  of  the  nerve-system,  their 
careful  training  may  do  much  to  prevent  them  from  growing  up  perma- 
nently nervous  or  mentaUy  dull.  Many  children  unconsciously  imitate 
habits  of  listlessness,  inattention,  carelessness,  and  even  the  appearances 
of  fatigue  and  hysteria  from  one  another,  or  from  their  teachers. 

The  knowledge  gained  renders  it  possible  to  indicate  the  kind  of 
training  adapted  to  any  case  described.  This  particularly  applies  to  the 
nerve-signs,  or  irregularities  in  nerve-action  recorded.  After  pointing  out 
to  the  teacher  the  irregularities  present  in  the  child,  so  that  their  increase 
or  decrease  can  be  watched  during  class  work,  indications  may  be  given  as 
to  the  best  modes  of  removing  these  special  nervous  and  mental  defects. 
That  such  explanations  may  be  understood  by  the  teachers  it  is  very 
desirable  that  they  should  receive  some  special  instruction.  Economy  in 
the  labour  of  teachers  might  thus  be  effected,  and  better  educational 
results  obtained. 

School  organisation  by  the  teachers  is  mainly  founded  upon  their 
experience  of  the  child's  mental  ability  and  work  in  school.  This  takes 
time,  and  frequently  a  new  pupil  is  not  placed  in  a  suitable  standard  till 
some  weeks  of  experience  show  the  child's  mental  capacity.  A  knowledge 
of  the  points  observed  in  this  inquiry  might  facilitate  the  responsible  work 
of  classification  for  educational  purposes. 

Two  standards  frequently,  though  not  always,  met  with  in  a  school 
call  for  special  remark.  In  Standajrd  0,  or  Primers,  the  children  are  col- 
lected who,  being  over  age  for  the  infant  school,  are  still  too  backward 
for  Standard  I.  In  Standard  Ex.  YII.  we  find  the  children  who  have 
passed  through  the  ordinary  classes  of  the  school.  The  experience  of 
hospital  physicians  and  many  philanthropic  societies  shows  that  neglect  of 
feeble-minded  children  of  all  grades  leads  to  much  social  eviL  The  blind 
and  the  deaf  are  happily  now  cared  for  under  the  provisions  of  the  Ele- 
mentary Education  Act,  1893,  and  teachers  are  specially  trained  for  this 
work ;  but  the  children  of  the  various  grades  of  feebleness  dbort  of  imbecility, 
children  who  present  a  deficiency,  are  in  many  schools  unwelcome,  and  no 
encouragement  is  given  to  school  authorities  to  collect  and  care  for  them ; 
they  are  an  incumbrance  if  not  properly  provided  for,  and  untrained  they 
tend  to  social  failure,  pauperism,  and  criminality.  Mere  accumulations  of 
dull  children  in  a  certain  class,  whether  a  class  of  Primers,  or  in  a  lower 
section  of  Standard  III.  for  older  children,  may  make  the  other  class- 
rooms brighter,  but,  when  children  below  average  power  are  accumulated, 
there  arises  a  greater  responsibility  for  their  individual  care,  which  must 
be  met  by  the  provision  of  a  sufficient  staff  of  specially  trained  teachers. 
Scientific  advice  as  to  the  management  of  deficient  children  is  useful,  but 
teachers  must  carry  out  the  details  of  special  training.  Nurses  for  the 
sick  are  now  highly  trained  and  well  paid ;  they  take  an  intelligent  in- 
terest in  the  patients  ;  the  more  difficult  the  case,  and  the  more  attehtion 
it  requires,  the  greater  are  their  interest  and  desire  for  success.  Training 
of  teachers  for  the  care  of  the  more  difficult  children,  and  honour  for  the 
hard  work  of  improving  feeble  children,  may  cultivate  a  higher  professional 
interest  among  a  body  of  skilled  teachers  trained  to  the  charge  of  feeble 
children.  Considerable  success  has  been  achieved  in  training  the  blind 
and  the  deaf,  and  a  large  proportion  of  the  feeble  children  are  improvable. 
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Secondary  education  tends  to  accentuate  the  difficulties  arising  from 
the  classification  of  children  solely  according  to  mental  status.  In 
elementary  schools  of  higher  grade,  a  boy  entering  Standard  I.  in  the 
upper  school  is  unacceptable  unless  he  can  work  well ;  after  a  certain  age, 
the  dull  boy  cannot  conveniently  be  kept  in  the  infant  school ;  he  is  too 
big.  He  must  then  either  be  kept  among  the  infants,  for  whom  he  is  not 
g^)d  company,  or  go  among  classmates  with  whom  he  cannot  profitably 
work.  To  meet  such  cases  it  often  happens  that  there  is  a  class  of 
Primers,  but  without  any  special  arrangements  for  individual  culture. 
In  such  schools  the  brighter  children  are  well  educated ;  at  fourteen  they 
get  the  prizes  of  the  school  and  enter  social  life  at  an  advantage ;  the  duU 
children  have  not  only  been  left  comparatively  uncultured,  but  by  raising 
a  class  distinctly  superior  to  themselves,  they  find  the  struggle  for  existence 
becoming  intensified. 

In  all  public  expenditure,  sums  of  money  spent  in  secondary  education 
should  be  accompanied  by  a  proportional  expenditure  for  the  benefit  of 
the  dull  and  weak  children.  This  is  equivalent  to  the  enactment  which 
requires  that  schemes  for  the  sanitary  improvement  of  a  neighbourhood, 
wMle  providing  good  new  dwellings,  should  also  make  provision  for  the 
poorer  population  displaced  thereby.  The  child  of  good  inheritance  in 
brain  power  receives  free  education,  and  in  consequence  makes  the  dull 
child's  life  more  difficult.  The  public  interest  requires  that  each  child 
shall  be  trained  to  get  a  living. 

Becommendations  : — 

That  a  scientific  statement  of  all  observable  conditions  of  child-life — 
including  elementary  anthropometric  examinations-should  be  prepared  by 
observation  of  at  least  100,000  children. 

That  School  Boards,  in  taking  their  triennial  census  of  children  in 
their  district,  should  register  any  mentally  defective  children,  or  children 
otherwise  afflicted. 

That  teachers  should  be  specially  trained  to  undertake  the  educational 
care  of  weak  and  mentally  feeble  children. 

That  lectures  should  be  provided  on  the  observation,  study,  and 
classification  of  children  as  to  conditions  bearing  on  mental  life  and 
education.  This  might  consist  of  an  elementary  course  and  of  University 
teaching. 

That  the  Act  to  make  better  Provision  for  the  Elementary  Education 
of  Blind  and  Deaf  Children  in  England  and  Wales  [56  and  67  Vict.], 
chap.  42,  should  be  extended  to  include  children  with  mental  and  bodily 
defects  incapacitating  them  from  ordinary  school  instruction. 

That  in  the  appropriation  of  funds  for  secondary  education  a  propor- 
tional sum  should  be  devoted  to  the  special  training  of  the  dull  and  feeble. 

That  the  Government  be  recommended  to  consult  a  scientific  expert 
to  assist  the  Education  Department,  the  Local  Government  Board,  and 
the  Home  Office  in  carrying  out  the  above  recommendations,  and  to  report 
upon  the  whole  subject  generally  as  to  the  care  of  children  whose  education 
is  supervised  by  the  Government. 

A  form  suggested  for  certification  of  a  feeble-brained  or  defective 
child  as  requiring  exceptional  training  is  appended.  Another  certificate 
by  a  school  teacher  might  be  required  if  the  child  is  attending  school. 

The  Committee  desire  to  be  reappointed  as  before,  and  ask  a  further 
grant  in  aid  of  the  work. 
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APPENDIX  L 

Cert^cate  m  to  a  Child  requiring  Special  Edu^GOitional  Training, 
To  he  filled  in  by  a  Medical  Officer, 

Name  of  child 

Age _ 

Address . 

Physical  health  and  condition . 

Developmental  defects 

Nervons  defects 


Defects  in  mental  power 

Fkcts  communicated  by  others. 

(stating  from  whom) 
Opinion  and  recommendation  as  to  the  case- 


Date (Signed)  Medical  Officer- 


APPENDIX  II. 

Statistical  JRepart  concerning  50,000  Children  eacamined  1892-94. 

(Boys  264^87.    Girls  23,713.) 

Boys  Girls 
Total  nnmber  of  children  reported  by  teachers  as  dull  at 

lessons 2,074  1,634 

Total  number  of  children  reported  as  pale,  thin,  or  delicate   .  749  770 

Total  number  of  children  with  nerve-signs     ....  2,853  2.016 
Total  number  of  children  presenting  a  defect  in  development 

of  body 2,308  1,618 

Children  with  low  constitutional  power,  delicate,  and  dull     .  80  79 
Children  crippled,  maimed,  paralysed;  those  of  defective 

mental   development,  and    pupils  with    history  of   fits 

during  school  life 157  147 

Children  using  glasses  and  with  eye  defects    ....  774  715 

Children  with  defects  of  cranium 706  622 

Children  with  defects  of  paUite 496  324 

Children  with  defects  of  external  ears 664  110 

Children  with  defect  in  development  of  body  only .        .        .  802  445 

Children  with  defect  in  development  of  body  and  nerve- 
signs  only 415  207 

Children  with  defect  in  development  of  body  and  low  nutri- 

tiononly 134  162 

Children  with  defect  in  development  of  body  and  dull  only  .  394  314 

Children  with  defect  in  development  of  body  with  nerve- 
signs  and  low  nutrition  only 69  77 

With  defect  in  development,  nerve-signs,  and  dull  only .        .  323  224 

With  defect  in  development,  low  nutrition,  and  dull  only  91  110 

With  defect  in  development,  low  nutrition,  nerve-signs,  and 

duU 80  79 

Total  number  of  children  with  some  defect  in  development 

in  body 2,308  1,618 

Children  with  abnormal  nerve-signs  only        ....  1,059  762 

Children  with  abnormal  nerve-signs  and  low  nutrition  only  .  115  109 

Children  with  abnormal  nerve-signs  and  dull  only  .                .  703  487 
Children  with  abnormal  nerve-signs,  low  nu^xition,  and  dull 

only 89  70 

Children  pale,  thin,  or  delicate  (low  nutrition)  only               .  108  110 

Children  on  low  nutrition  and  dull  only 63  53 

Children  reported  as  dull  only  without  other  defect       .        •  331  297 

Total  number  of  cases  reported  in  this  inquiry  with  a  defect  5,112  3,829 
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Anthropometric  Work  in  Schools. — Report  of  a  Committeey  con- 
sisting of  Professor  John  Clelind  {Chairman^  Mr.  &.  W. 
Bloxam,  Mr.  E.  W,  Brabrook,  Dr.  J.  Gr.  Garson,  Professor  A. 
Macalister,  and  Professor  B.  Windle  {Secretary).  {Dravm  up 
by  the  Secretary.) 

Appendix  I. — Circular  sent  to  Schools 440 

Appendix  II. — Stufgestionsfar  Anthropometrio  OhservatioM  in  Schools      .    441 

In  order  to  ascertain  in  what  schools  anthropometric  work  was  being 
carried  on,  and  in  what  manner,  also  what  prospect  there  was  of  further 
development  in  this  direction,  a  circular  was  prepared,  a  copy  of  which  is 
subjoined  to  this  report  (Appendix  I.). 

This  circular,  together  with  a  letter  asking  that  it  might  be  fiUed  up 
and  returned,  and  a  stamped  and  directed  envelope,  was  sent  to  624  schools 
— 495  for  boys  and  129  for  girls.  The  former  included  all  those  given  in 
'Whitaker's  Almanack.'  The  latter  were  the  schools  whose  mistresses 
belong  to  the  Association  of  Head  Mistresses  of  Endowed  and  Pro- 
prietary Schools.  A  large  number  of  these  institutions  did  not  reply,  but 
398  returns  were  obtained — viz.  309  boys'  and  89  girls'  schools. 

The  results  obtained  from  these  returns  are  as  follows  : — 

1.  Measurements  are  taken  in  58  schools,  of  which  11  are  for  girls 
and  47  for  boys. 

2.  By  whom  taken  : — 

a.  Master  or  mistress     •                 •  20 

h.  Medical  attendant 3 

c.  Drill  or  gymnastic  instructor      .         .         .31 

d.  Other  official 3 

e.  Not  stated 1 


3.  How  often  taken  : — 

At  entrance  . 
Annually 
Twice  a  year 
Three  times  a  year 
Four  times  a  year 
Six  times  a  year    . 
Not  stated    . 


2  cases 
15    „ 

6    „ 
20    „ 

1  case 
11  cases 

3  „ 


4.  Observations  taken  : — 

Girls' 
Schools. 

Height 9 

Weight 7 

Chest-girth 5 

Length  of  arm 1 

Girth  of  arm 1 

Length  of  forearm     ....  1 

Girth  of  forearm        ....  1 

Size  of  head 3 

Eyesight 6 

Hearing 3 


Boys* 
Schools. 
42 
33 
36 

4 
14 

3 
19 

4 

8 

2 
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Girls' 

Bays' 

Schools. 

Schools. 

Coloar-blindness 

.     2 

1 

Strength  of  grasp 

2 

1 

Lifting  power    .... 

!     1 

2 

5.  How  taken  : — 

Height  in  boots     . 

.       4 

„        gymnastic  shoes     . 

.       9 

„        socks     . 

.     36 

„        bare  feet 

•       2 

Weight  in  ordinary  clothes 

.     17 

„        gymnastic  clothes . 

.     21 

„   naked 

.       2 

Chest-girth  in  ordinary  clothes 

.       G 

„         gymnastic  clothes 

.     16 

,,      naked. 

.     19 

6.  Beports  are  sent  to  parents  either  regularly,  occasionally,  or  at 
leaving  from  15  schools. 

7.  Calculations  are  published  in  two  instances. 

Eighty-six  schools  responded  in  the  affirmative  to  the  eighth  question, 
and  a  few  others  provisionally  upon  the  expense  not  being  too  heavy. 

In  response  to  the  requests  made  by  the  masters  and  mistresses  of 
these  schools,  and  by  others  who  did  not  express  any  intention  of  carrying 
out  the  work,  but  were  desirous  of  ascertaining  what  might  be  done  in  this 
direction,  a  circular  of  suggestions  for  carrying  out  anthropometric  obser- 
vations was  prepared,  and  has  been  sent  to  162  schools  (this  circular  forms 
Appendix  II.).  In  preparing  this  circular  the  Committee  had  the  valu- 
able assistance  of  Mr.  Priestley  Smith  in  the  portion  relating  to  vision, 
and  Mr.  Frank  Marsh  in  that  respecting  hearing  ;  and  they  desire  to  record 
their  indebtedness  to  these  gentlemen. 


APPENDIX    I. 

Circular  sent  to  Schools. 

A. — Are  systematic   measurements  carried   out   upon  the 
in  School  ? 

Ifso— 

1.  By  whom  ? 

2.  How  often  ? 

3.  What  are  they  ? 

Height 
Weight 
Chest-girth 
Length  of  arm 
Girth  of  arm 
Length  of  forearm 
Girth  of  forearm 


Size  of  head 
Eyesight 
Hearing 
Colour-blindness 
Strength  of  grasp 
Lifting  power 


(Please  erase  those  not  in  use.) 
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4.  How  are  they  taken  ? 

(a)  Height  in  boots 

„         gymnastic  shoes 

„         bare  feet 

(b)  Weight  in  ordinary  clothes 

„         gymnastic  clothes 
„     naked 

(c)  Chest-girth  in  ordinary  clothes 

„  gymnastic  clothes 

„  naked 

(In  each  case,  please  erase  the  methods  not  adopted.) 

5.  Are  reports  sent  to  parents  ? 

6.  Are  any  calculations  published  1 

7.  If  so,  can  you  favour  me  with  a  recent  copy  ? 

8.  In  the  event  of  other  schools  consenting  to  do  so,  would  you  be 
prepared  to  give  your  adhesion  to  a  scheme  by  which  the  same  measure- 
ments should  be  carried  out  in  an  identical  manner  throughout  the 
country,  seeing  that  such  a  course  would  greatly  add  to  the  value  of  the 
results  obtained  ? 

B. — In  the  event  of  no  measurements  being  now  carried  out,  will  you 
be  good  enough  to  inform  me  whether  there  is  any  prospect  of  your 
undertaking  such  work,  and,  if  so,  whether  I  can  be  of  any  assistance  to 
you  in  indicating  the  best  methods  and  appliances  ? 


APPENDIX  II. 

Suggestions  for  Anthropometric  Observations  in  Schools. 
Grouj)  A. — Essential  Observations, 

I.  Height. — To  be  taken  in  socks  or  stockings.  The  subject  should 
stand  perfectly  upright,  the  head  held  so  that  the  line  of  vision  is* 
horizontal — that  is,  the  eyes  directed  horizontally  forwards  to  a  point  on 
the  same  level  as  their  pupils.  Any  good  sliding  rod  may  be  used,  such 
as  the  Laboratory  Stadiometer,  supplied  by  Messrs.  Aston  &  Mander, 
25  Old  Compton  Street,  Soho,  London.     (Price  2Z.  2s.) 

II.  Weight. — To  be  taken  in  gymnastic  clothes  where  possible ;  a 
spring  balance  should  not  be  used.  A  good  machine  is  supplied  by 
Messrs.  W.  &  T.  Avery,  of  Birmingham  (No.  139,  special  cash  price, 
without  chair  or  rod,  3/.  15s.).  The  measuring-rod  attached  to  it  should 
not  be  purchased. 

III.  Chest-girth  (for  boys  only). — To  be  taken  over  the  naked 
chest  with  a  Chesterman's  steel  tape  (price  5s.  6c?.,  Bailey  &  Co., 
Bennett's  Hill,  Birmingham)  in  the  following  manner: — (1)  The  boy 
stands  upright,  with  the  arms  stretched  from  the  sides,  the  measurer 
standing  behind  him.     (2)  The  tape  is  placed  over  the  chest  immediately 
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above  the  nipples,  and  with  the  lower  edge  touching  them;  it  is  then 
brought  horizontally  round  the  chest  walls,  over  the  blade-bones  to  the 
back.  The  zero  of  the  tape  should  rest  on  the  spine.  (3)  The  boy  drops 
his  arms.  (4)  Takes  a  deep  breath.  (5)  Counts  slowly  from  one  to  ten. 
(6)  At  the  word  '  ten '  the  measurer  draws  the  tape  tight  and  records  the 
measurement.  When  this  is  done,  care  should  be  taken  to  see  that  the 
tape  is  exactly  horizontal  both  in  front  and  behind. 

The  above  measurements  should  be  taken  twice  (or,  if  desired,  thrice) 
annually. 

IV.  Tests  op  Vision. — These  tests  will  serve  to  detect  the  presence 
of  certain  common  defects  of  vision.  Such  defects  are  often  overlooked 
or  disregarded,  to  the  permanent  detriment  of  the  pupil.  The  tests  will 
not  reveal  the  nature  or  cause  of  a  defect.  This  can  only  be  determined 
by  an  expert. 

(a)  AcuTENESS  OF  VisiON. — (1)  Hang  on  the  wall,  in  a  good  light,  a 
set  of  Snellen's  Test  Letters  ;  these  are  in  general  use,  and  afford  records 
which  can  be  universally  compared.  No  others  alwuld  he  substituted  for 
them,  (2)  Draw  a  line  on  the  floor  ab  a  distance  of  exactly  six  metres 
from  the  letters,  and  let  each  pupil  in  turn  toe  this  line  and  try  to  read 
the  letters,  line  after  line,  beginning  at  the  top ;  in  all  cases  without 
spectacles  or  eye-glasses.  Each  eye  is  to  be  tested  separately,  the  other 
eye  being  covered,  but  not  pressed  upon,  by  a  large  card  held  in  the  pupil's 
hand.  (3)  Becord  the  vision  of  each  eye  separately  in  the  form  of  a 
fraction  ;  for  instance,  thus  : — 

R     V=J 
L.     V  =  ^V 

The  numerator  is  in  all  cases  6 — i.e.  the  distance  of  the  letters  in  metres  ; 
the  denominator  is  the  number  which  stands  over  the  lowest  line  of  letters 
which  can  be  read.  When  the  vision  is  less  than  /^  it  should  be  recorded 
by  the  appropriate  sign — viz.  V  <  -^q,  (4)  Take  care  that  the  pupils 
have  no  opportunity  of  learning  the  letters  by  rote. 

Note. — When  the  vision  of  either  eye  is  found  to  be  represented  by  a 
fraction  having  a  denominator  of  more  than  18,  it  will  generally  be 
desirable  to  report  the  fact  to  the  parent  or  guardian,  in  order  that  proper 
advice  may  be  obtained,  such  report  being  omitted  if  this  has  already 
been  done. 

(6)  Colour  Vision. — (1)  Use  Holmgren's  Series  of  Coloured  Wools. 
(2)  Place  them  in  a  heap  on  a  white  cloth,  in  a  good  light.  (3)  Lay, 
apart  from  the  heap,  the  test  skein — a  pale,  pure  green.  (4)  Explain  to 
the  pupil  that  he  is  to  select  from  the  heap  and  place  beside  the  test 
skein  all  those  which  appear  to  him  to  be  of  the  same  kind  of  colour. 
Do  not  require  him  to  name  them  or  match  them  exactly,  but  to  select 
those  which  are  most  nearly  like  the  test-skein  in  colour.  (5)  Mix  the 
wools  again  for  each  pupil,  but  always  use  the  pale  pure  green  as  the  test. 

A  certain  number  of  the  pupils — boys,  very  rarely  girls — will  match 
the  test-skein  falsely  with  buffs,  pinks,  and  other  colours  which  have  no 
green  tint,  or  will  hesitate  much  before  rejecting  such.  These  pupils  are 
more  or  less  colour-blind,  and  are  thereby  permanently  un£tted  for 
vocations  on  land  or  sea  which  require  good  colour  vision.  Record 
the  defect. 

Note. — Ascertain  by  this  same  test  that  the  person  who  conducts  the 
colour-testing  is  not  himself  colour-blind.     Such  cases  have  been  known. 
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The  Acuteness  of  Vision  of  each  pupil  should  be  tested  once  a  year, 
since  certain  defects  of  eye-sight  commonly  begin  during  school  life. 

The  test  for  Colour  Vision  need  not  be  repeated,  since  colour-blindness, 
except  that  vhich  occurs  with  disease  of  the  eye,  is  congenital,  not 
acquired. 

The  test-letters  (price  4«.  6d.  framed)  and  coloured  wools  (price 
48.  6rf.)  may  be  obtained  from  Messrs.  Bailey  &  Co.,  Bennett's  Hill, 
Birmingham,  or  other  makers  of  optical  instruments. 

V.  Hearing  {Voice  Test), — (1)  Instruct  the  pupil  to  close  the  eyes 
and  to  repeat  any  words  spoken  by  the  observer.  (2)  The  observer 
should  stand  at  the  opposite  side  of  the  room  and  say  words  for  the  pupil 
to  repeat,  pitching  his  voice  in  an  ordinary  conversational  tone.  (3)  The 
observer  should  gradually  approach  the  pupil  until  he  is  distinctly  heard. 

(4)  The  distance  should  be  compared  with  that  at  which  words,  uttered 
in  the  same  tone,  are  heard  by  a  person  of  known  good  hearing.  (5)  In 
order  to  test  the  hearing  power  of  each  ear  separately,  the  pupil  should 
stop  one  with  his  finger  whilst  the  other  is  being  examined. 

(Watch  Test). — (1)  The  greatest  distance  at  which  the  tick  of  the 
watch  to  be  used  can  be  heard  must  be  ascertained  by  testing  with  it  a 
person  of  known  good  hearing.  (The  hearing  distance  of  an  English 
lever  watch  is  about  60  inches.)  (2)  Let  the  pupil  close  his  eyes,  stop 
the  left  ear  with  his  finger.  (3)  Instruct  him  to  say  when  he  first  hears 
the  tick.  (4)  The  observer  stands  at  the  pupil's  right  side,  holding  the 
watch  outside  the  range  of  hearing  and  on  a  level  with  the  pupil's  ear. 

(5)  He  gradually  brings  the  watch  nearer  to  the  pupil  until  the  tick  is 
distinctly  heard.  (6)  The  left  ear  should  then  be  tested  in  the  same 
manner.  (7)  The  two  distances  and  the  hearing  distance  of  the  watch 
should  be  recorded  in  inches.  Thus,  if  the  hearing  distance  of  the  watch 
be  60  inches,  and  the  pupil  hears  it  with  the  right  ear  at  40  inches,  and 
with  the  left  at  25,  the  result  should  be  recorded  as 

R40 
•  ITTT 
LS  5 
•    SO 

These  fractions  must  not  be  reduced  to  their  lowest  term.  The  watch 
method  is  the  better,  but  more  troublesome.  If  used  for  children,  it 
must  be  repeated  two  or  three  times  at  the  same  examination,  as  the 
statements  are  often  unreliable.     The  same  watch  must  always  be  used. 

Note. — Inattention  in  children  is  often  due  to  deafness.  In  all  cases 
of  deafness,  the  attention  of  the  parent  should  be  called  to  the  necessity 
for  treatment,  especiaUy  if  (a)  there  is  a  discharge  of  matter  from  the 
ears,  or  (h)  the  pupil  seems  always  to  have  a  cold,  or  (c)  constantly 
breathes  through  the  mouth  instead  of  the  nose.  Observations  as  to 
hearing  should  be  made  twice  annually. 

Group  B. — ^on-essential  Observations. 

Other  valuable  observations  are — (1)  size  of  head  ;  (2)  span  of  arms  ; 
(3)  length  of  trunk.  These  observations  can  be  rapidly  and  easily 
taken  ;  but  in  order  to  avoid  over-burdening  this  circular,  no  instructions 
respecting  them  are  here  given.  Any  person  desirous  of  carrying  them 
out  will  receive  full  instructions  by  applying  to  the  Secretary  of  the 
Committee, 

Professor  Windle,  D.Sc,  M.D., 

Mason  College,  Bibs«ngham. 
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Anthropometric  Laboratory. — Beport  of  the  Committee,  consisting  of 
Sir  W.  H.  Flower  {Chairman),  Dr.  J.  G.  Gabson  (Secretary), 
Mr.  G.  W.  Bloxam,  Dr.  Wilberforce  Smith,  Professor  A.  C. 
Haddon,  and  Professor  Windle. 

The  Committee  have  to  report  that  at  the  Nottingham  meeting  of  the 
Association  an  excellent  laboratory  was  provided  for  them  in  the  Univer- 
sitj  College  buildings,  where  many  of  the  Sections  met.  The  services  of 
a  clerk  were  as  usual  placed  at  the  disposal  of  the  Committee,  and  by  the 
kind  permission  of  Mr.  Francis  Galton  those  of  the  superintendent  of  his 
laboratory  at  South  Kensington  were  again  available  for  measuring  the 
members  of  the  Association  who  visited  the  laboratory. 

The  schedule  of  observations  and  measurements  made  on  each  person 
examined  included  the  sex,  age,  birthplace,  residence,  occupation,  colour 
of  eyes  and  of  hair,  profile  of  nose ;  height  when  sitting,  kneeling,  and 
standing ;  vertical  projection  from  the  vertex  of  the  head  to  tragus,  mouth, 
and  chin ;  maximum  antero-posterior  length  and  transverse  breadth  of 
hecul,  from  which  the  cephalic  index  is  obtained  ;  the  length  and  breadth 
of  the  nose,  which  gives  the  data  for  the  nasal  index ;  the  nasio-mental 
length  of  face  and  the  bizygomatic  or  maximum  face  breadth,  from  which 
the  facial  index  has  been  calculated ;  length  of  upper  limb  from  the 
acromion  to  the  tip  of  middle  linger;  length  of  cubit  and  of  hand  (right); 
breadth  of  shoulders  (bihumeral)  and  of  hips  (bitrochanteric) ;  span  of 
arms ;  weight  in  ordinary  clothing  ;  strength  of  grasp  ;  vital  capacity  of 
the  chest,  strength  of  vision,  sense  of  colour.  This  last  was  tested,  in 
conformity  with  the  recommendations  of  the  Committee  of  the  Royal  Society 
on  the  subject,  with  coloured  wools.  The  colour  of  eyes  and  hair  was 
noted  in  accordance  with  Dr.  Beddoe's  method,  which  has  been  adopted 
for  the  Ethnographical  Survey  of  Great  Britain  and  Ireland. 

The  attention  of  the  Committee  has  been  called  by  Professor  Edge- 
worth  to  the  fact  that  the  '  corrected  mean'  of  each  measurement  as  given 
in  the  reports  of  former  years  is  not  satisfactory,  in  that  it  assumes  the 
dimension  at  the  25th  and  75th  grades — i.e.  at  the  first  and  third  quartile — 
(Qi  and  Q3),  to  be  more  accurate  than  that  at  the  50th  grade  (Le.  Q^). 
He  has  sapplied  them  with  a  simple  formula  wherein  the  probable  error 
at  all  three  grades  is  taken  into  account.  After  several  tests  the  superior 
accuracy  of  Professor  Edgeworth's  formula  has  been  proved,  and  has  been 
adopted  in  this  report.     His  formula  may  be  stated  as  follows  : — 

Corrected  mean=  - '      q^^"         -     T^  ^^^^  sum  of  Qi+Qa  is  greater 

than  2Q2,  the  difference  is  divided  by  3*2,  and  the  result  is  added  to  Q2 ; 
bat  if  the  sum  of  2Q2  is  greater  than  Qj  +  Q3,  the  latter  is  deducted  from 
the  former,  the  difference  divided  by  3*2,  and  the  product  subtracted 
from  Q2. 

Since  the  close  of  the  meeting  the  observations  recorded  during  it  have 
been  carefully  worked  up,  under  the  direction  of  the  Secretary,  after  the 
plan  which  has  been  adopted  in  former  years.  Progress  has  also  been  made 
in  amalgamating  the  results  of  all  the  Association  laboratory  statistics, 
which  now  amount  to  about  1,000. 

The  Committee  are  glad  to  be  able  to  report  that  the  measurements 
made  in  the  laboratory  of  the  Association  for  the  last  seven  years  have 
been  of  material  service  to  Her  Majesty's  Government  in  connection  with 
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the  anthropometric  system  of  identification  of  criminals,  which  is  about  to 
be  established  in  England.  They  have  also  been  of  use  in  comparing 
observations  made  on  native  races  of  different  countries,  and  determining 
their  deviation  from  or  agreement  with  British  people.  The  Committee 
seek  to  be  reappointed,  and  to  have  the  grant  usually  made  to  them 
continued. 


The  following  are  the  results  of  the  observations  made  on  members  of 
the  Association  who  presented  themselves  at  the  laboratory  during  the 
course  of  the  Nottingham  meeting — 

Number. — 100  males  and  55  females  were  measured,  making  a  total 
of  155. 

Age. — The  age  of  the  males  whose  measurements  are  included  in  this 
report  varied  from  17  to  75  years.  Of  these  ^ve  were  under  20  vears; 
fijkeen  were  20  and  under  30  years  ;  twenty -one  were  30  and  under  40 
years  ;  twenty-tux}  were  40  and  under  50  years ;  fourteen  were  50  and 
under  60  ;  thirteen  were  60  and  under  70  ;  six  were  between  70  and  75 
years  of  age. 

The  ages  of  the  females  varied  from  18  to  69  years.  One  was  under 
20  years  (18);  ttuerUy-one  were  20  and  under  30 ;  ttventy-three  were  30 
and  under  40  ;  /our  were  40  and  under  50  ;  three  were  50  and  under  60  ; 
three  were  60  and  under  70  years  of  age. 

Descriptive  Characters. 

1.  Colour  of  Eyes, — Dividing  the  colour  of  the  eyes  into  the  three 
divisions  of  dark,  medium  or  neutral,  and  light,  the  observations  were  as 
follows : — 


— 

Light 

Mediutn 

Daik 

No.  of  Cases 

Percent 

No.  of  Caset 

Per  cent 

Xo.of  Case* 

Per  cent. 

Males 
Females     . 

64 
22 

64 
40 

16 
24 

160 
33-6 

20 
9 

200 
16-4 

2.  Colour  of  Hair. — Dividing  the  colour  of  the  hair  into  similar 
classes,  the  following  are  the  results  : — 


■  I 

Kl 

Light 

Mediam 

Dark 

No.  of  Cases 

Per  cent. 

No.  of  Cases 

Per  cent. 

No.  of  Cases 

Per  cent. 

Males 
Females     . 

31 
11 

36-5 
21-6 

32 
23 

37  6 
45-1 

22 

17 

25  9 
33-3 

3.  Colour  of  Eyes  and  Hair  combined, — The  following  is  the  colour  of 
hair  found  in  connection  with  the  three  shades  into  which  the  colour  of 
eyes  is  divided  : — 


Eves 

Light 

Medium 

Dark 

Hair 

L. 

M. 

D. 

L. 

M. 

D. 

L. 

M. 

°-  i 

Males . 
Females      . 

'1 

25 
9 

4 

7 

4 
5 

5 

9 

5 

7 

1 
0 

2 
5 

13 
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4.  Outline  Form 

of  Nose, 

— 

Straight 

Aqailioe 

Concave 

High-bridged 

Sinuous 

Total 

Males     . 
Females. 

65 
43 

2 
2 

4 
1 

4 

1 

25 
8 

100 
55 

Measurements. 

1.  Staiure. — As  in  former  years  the  stature  was  measured  as  the 
person  stood  in  his  boots,  but  the  thickness  of  the  heel  has  in  each  case 
been  deducted  so  as  to  get  as  nearly  as  possible  the  true  height.  The 
stature  of  the  males  and  females  at  the  different  quartiles,  according  to 
Mr.  Galton^s  method,  and  the  probable  deviation  (indicated  by  the 
letter  Q),  which  is  half  the  difference  between  the  first  and  third  quartile, 
are  as  follows  : — 


— 

25th  Grade 

60th  Grade 

75th  Grade 

Q 

420 
41-6 

Corrected  Mean  i 

Males. 
Females 

1675-0 
1573-5 

17190 
16125 

17590 
1656-8 

1717-7 
16141 

2.  Height  wlien  Sitting. — This  gives  the  length  of  the  trunk  of  the 
body  including  the  head  and  neck,  and  is  as  follows  : — 

2oth  Grade 

50th  Grade 

75th  Grade 

Q 

Corrected  Mean 

Males . 
Females     . 

875-9 
835-6 

897-7 
850-0 

9240 
879-3 

25-9 
21-8 

899-1 
854-7 

3.  Height  wh^n  Kneeling, — This  measurement,  along  with  the  two 
previous  ones,  enables  us  to  calculate  the  amount  contributed  to  the 
height  by  the  thigh,  and  by  the  leg  from  the  knee  downwards. 


— 

25th  Grade       50th  Grade 

75th  Grade 

Q 

Corrected  Mean 

Males. 
Females 

1250-5               1276  7 
1188-3               1216-8 

13130 
1245-9 

31-2 

28-8 

1279-8 
1217-0 

4.  Length  of  Lower  Limbs. — This  is  obtained  by  subtracting  the  sitting 
height  from  the  stature  ;  the  difference  between  these  two  measurements 
gives  the  amount  contributed  to  the  total  height  of  the  lower  limbs. 


— 

2oth  Grade 

50th  Grade 

76th  Grade 

Q 

Corrected  Mean 

Males. 
Females 

7830 
7144 

813-4 
760-9 

847-2 
797-2 

27-0 
41-4 

814-4 
757-7 

5.  Lengtii  of  Thigh  Portion  of  the  Loiver  Limb. — This  is  obtained  by 
subtracting  the  length  of  leg  and  height  of  foot  from  the  length  of  the 
lower  limbs  : — 


— 

25th  Grade 

60th  Grade 

7&th  Grade 

Q 

Corrected  Mean 

Males 
Females 

3580 
342-4 

372-2 
3.-8-5 

391-3 
385-3 

16-6 
16-3 

373-7 
361-8 
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6.  Length  of  Leg^  including  Height  of  Foot, — This  is  obtained  by  sub- 
tracting the  height  when  kneeling  from  the  total  stature  : — 


— 

25th  Grade 

60th  Grade 

76th  Grade 

Q 

Corrected  Mean 

Males 
Females 

417-8 
374-4 

432-8                453-0 
396-5                411-3 

17-6 
18-4 

434-4 
394-2 

7.  Proportion  which  the  Limbs  hear  to  the  Trunk, — This  is  obtained  by 
reducing  the  length  of  the  trunk  of  the  body  (including  the  head  and  neck) 
and  the  length  of  the  limbs  to  percentage  terms,  the  former  being  taken  as 
100.     Each  body  and  limb  length  is  worked  out  by  the  following  formula  : 

Limb  length  x  100 
Body  length      ' 

which  gives  the  Limb  to  Trunk  Index.  The  several  indices  are  then  treated 
in  the  same  manner  as  other  measurements  and  indices,  so  as  to  show  the 
index  at  the  different  grades  : — 


— 

26th  Grade 

50th  Grade 

75th  Grade 

Q 

Corrected  Mean 

3Iales 
Females 

86-6 
84-3 

89-5 
88-6 

92-9 
91-8 

31 
3-7 

89-6 
88-3 

The  proportion  which  the  limbs  bear  to  the  trunk  in  males  of  1,828  mm. 
(6  feet)  and  upwards,  of  whom  there  are  seven,  at  the  50th  grade  of  this 
small  series  is  89*5,  or  exactly  the  same  as  at  the  50th  grade  of  the  whole 
series  of  males.  This  series  may  be  termed  the  tall  class.  In  a  series  of 
six  males  whose  stature  is  1,613  mm.  and  under  (5  feet  3^  inches),  it  is 
at  the  50th  grade  86 -5,  whicli  is  practically  the  same  as  at  the  25th  grade 
of  the  whole  series.  Hence  the  lower  limbs  in  the  series  of  short  men  are 
proportionately  somewhat  shorter  to  the  body  length  than  in  the  tall 
series  ;  but  it  cannot  be  said  that  in  the  latter  series  it  is  on  account  of  the 
lower  limbs  being  longer  proportionately  to  the  trunk  length  that  the  tall 
persons  of  the  group  owe  their  extra  stature  to.  Both  series  are  too  small, 
however,  to  base  any  reliable  conclusions  upon. 

8.  Proportions  which  the  Trunk  and  Lower  Limbs  bear  to  tlie  Stature, — 
The  proportions  contributed  by  the  different  parts  of  the  body  which  go 
to  make  up  its  total  stature  are  as  follows  : — 

Males.  Females. 

(a)  Tnmk  with  the  head  and  neck        .        .    52-3  per  cent.    53*0  per  cent. 

Ih)  Lower  limbs  from  the  level  of 

the  taber  ischia  downwards        •        •    47*7        ^  ^7-0         „ 


Total 


100-0 


100-0 


Tlie  lower  limb  length,  representing  47*7  percent,  of  the  stature  in  the 
males  and  47  per  cent,  in  the  females,  is  made  up  as  follows  : — 


Thigh  portion   . 

Leg  and  height  of  foot 

Total 


Males.  Females. 

22-2  per  cent*    22*4  per  cent. 


26-6 
47-7 


24-6 
470 
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9.  Vertical  Projection  or  Height  of  the  Head. — The  vertical  distance 
from  the  vertex  of  the  head  to  the  under-surface  of  the  chin  is  as 
follows : — • 


— 

25th  Grade 

50th  Grade 

75th  Grade 

Q 

Corrected  Mean 

Males 
Females 

205-3 
2021 

212-6 
210  2 

221-8 
217-6 

8-2 
7-7 

2131 
2100 

10.   Vertical  Lengtii  from  Vertex  to  MotUh. — This  is  measured  to  the 
line  of  junction  of  the  upper  and  lower  lips,  and  corresponds  to  the  junc- 
tion of  the  upper  and  lower  incisor  teeth  : — 

— 

25tli  Grade 

50th  Grade 

75th  Grade 

Q 

Corrected  Mean 

Males 
Females 

1610 
160-7 

1700 
1694 

1780 
177-6 

8-5 
8-4 

169-7 
169-3 

By  subtracting  this  measurement  from  the  former  the  vertical  depth 
of  the  chin  is  obtained.  Using  the  corrected  means  of  the  two  measure- 
ments for  this  purpose,  the  depth  of  chin  in  the  males  is  43*4  mm.,  and  in 
the  females  it  is  40*8  mm.,  or  2*1  and  2*5  per  cent,  of  their  statures. 

11.  Cranial  HeigJu, — This  is  represented  by  the  vertical  length  from 
the  vertex  to  a  point  opposite  the  middle  of  the  tragus,  which  corresponds 
very  closely  to  the  upper  border  of  the  external  auditory  meatus.  It  is 
as  follows : — 


— 

25th  Grade 

50th  Grade 

75th  Grade 

Q 

Corrected  Mean 

Males 
Females 

124-6 
122-9 

129-6 
127-8 

134-3 
131-5 

4-8 
43 

129-5 
127-4 

12.  Maximum  Antero-posterior  Length  o/tlie  Cranium, 


—                    25th  Grade 

50th  Grade 

75th  Grade 

Q 

Corrected  Mean 

Males          .        .  i        192-9 
Females     .        .  1       180-7 

196-8 
183-7 

200  6 
188-2 

3-8 
37 

196-8 
1841 

13.  Maximum  Brecuith  of  Cranium, 


— 

2oth  Grade 

50th  Grade 

75th  Grade 

Q 

Corrected  Mean 

Males 
Females 

1510 
144-6 

.     1548 
147-7 

157-6 
149-4 

3*3 
2-4 

154-5 
147-3 

14.  Proportions  of  the  Head, 

(a)  Cephalic  Index, — The  proportion  of  the  Breadth  of  the  cranium  to 
its  length  varies  in  the  males  from  69*6  to  87,  and  in  the  females  from 
72*6  to  86*6. 


— 

26th  Grade 

50th  Grade 

75th  Grade 

Q 

Corrected  Mean  ' 

Males 
Females 

76-0 
77-1 

77-9    ; 

78-9 

79-8 
81-6 

1-9 
2-2 

77-9 
79-2 
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According  to  the  International  Division  of  the  Cephalic  Index  the 
classification  is  as  follows  : — 


DivisiODS 

Limits 

M«)68 

Females 

Nnmber 

Percent 

Number 

Per  ceot 

Hyper-brachycephalic 
Brachycephalic. 
Mesatioephalic  .... 
Dolichocephalic 
Hyper-dolichocephalic 

85-899 
80-84-9 
75-79-9 
70-74-9 
65-69-9 

2 
26 
61 

6 

1 

21 

271 

63-5 

63 

10 

2 
22 

28 
2 
0 

37 
407 
51-9 

3-7 

1                       Total      . 

— 

96 

100-0 

54 

1000 

(6)  Module  of  the  Cranium.  —This  is  obtained  by  adding  its  length, 
breadth,  and  height  together,  adding  to  the  product  15  mm.  in  the  case  of 
males  and  13  mm.  in  the  case  of  females,  to  represent  the  projection  of  the 
craniom  from  the  meatus  auditorius  to  the  basion,  and  dividing  the  sum 
by  3.     It  is  as  follows : — 


— 

25th  Grade 

50th  Orade 

75th  Grade 

Q 

Coirected  Mean 

Males 
Females     . 

162-0 
153-8 

164-9 
1571 

1681 
159-5 

27 
2-8 

164-5 

156-9 

■ 

(c)  Head  Breadth-height  Index, — This  indicates  the  relation  which  the 
maximum  breadth  of  the  cranium  bears  to  the  vertical  projection  of  the 
head,  the  latter  being  taken  as  100.  Estimated  from  the  corrected  means 
of  these  measurements  it  is  72*5  in  the  males  and  70*1  in  the  females. 

{d)  Maximum  Cranial  Length  to  Vertical  Height  of  Head  Index, — The 
vertical  height  of  the  head  (vertex  to  chin)  being  taken  as  100,  the  index 
is  in  the  males  90-9  and  in  lemales  87*6. 

{e)  Vertical  Cranial  Height  to  Vertical  Head  Height  Index, — ^The  latter 
being  taken  as  100,  the  height  of  the  cranium  in  relation  to  it  is  60*8  in 
the  males  and  60*1  in  the  females. 

(/)  Vertical  Height  of  Head  to  Status, — The  canon  of  proportion  of 
the  vertical  height  of  the  head  to  the  total  stature  of  ^e  body  (the  latter - 
being  taken  as  100)  is  12*4  in  the  males,  13-0  in  the  females. 

Q)  Vertical  Height  of  Cranium  to  Stature, — In  the  males  it  is  7*5,  and), 
in  the  females  7*9. 

(A)  Vertex  to  Mouth  Length  as  compared  unth  Stature, — In  the  males . 
this  is  9*9  and  in  the  females  10*5. 

15.  Noee  Length, — The  length  of  the  nose  from  the  root  to  the  lower 
angle  varies  from  44  mm.  to  66  mm.  in  the  males,  and  in  the  females, 
from  41  mm.  to  55  mm. 


— 

25tli  Grade 

60th  Grade 

75th  Grade 

Q 

Corrected  Mean 

Males 

Females     .        . 

49-4 
45-4 

62-2 

47-8 

540 
60-9 

2-3 
2-7 

52-5 
48-0 

16.  Nose  Breadth. 


— 

25th  Grade 

50th  Grade 

75th  Grade 

Q 

Corrected  Mean 

Males          .        . 
Females     . 

291 
26-1 

31-7 
27-8 

83-7 
29-8 

2-3 

1-8 

81-5 
27-7 
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17.  Nasal  Ini 

lex. 

— 

25th  Grade 

50th  Grade 

7.5th  Grade 

Q 

Corrected  Mean 

Males 
Females     . 

51-2 
491 

56-6 
53-9 

61-4 
59-9 

5-2 
5-4 

56-4 
54-3 

18.  Face  Length, — ^This  is  measured  from  the  root  of  the  nose  at  the 
same  point  as  that  from  which  the  length  of  the  nose  starts  to  the  under- 
surface  of  the  chin. 


— 

25th  Grade 

50th  Grade 

75th  Grade 

Q 

t 
Corrected  Mean  . 

Males 
Females      . 

108-8 
105-3 

113-6                 119-9 
110-8                115-4 

5-5 
51 

114-0 
110-6 

19.  Face  Breadth, — Measured  between  the  external  surfaces  of  the 
zygomatic  arches  at  the  vertex  of  each  arch.  It  is  therefore  the  maximum 
breadth  of  face. 


— 

26th  Grade 

60th  Grade 

75th  Grade 

Q 

Corrected  Mean 

Males 
Females      . 

120-8 
118-2 

126-2                133-4 
123-8                1290 

6-4 
5-4 

126-6 
123-7 

20.  Face  Index,  or  the  relation  which  the  face  breadth  bears  to  the 
face  length,  the  latter  (nasio-mental  length)  being  taken  as  100. 

1 

25th  Grade 

50th  Grade 

75th  Grade 

Q 

Corrected  Mean  ; 

Males 
Females     . 

105 
106 

109-3 
110-5 

1140 
118-5 

4-5 
6-2 

109-4 
111-0 

21.  Length  of  Upper  Limb, — Measured  from  under  the  acromion  process 
to  the  tip  of  the  middle  finger  in  a  straight  line  parallel  with  the  long  axis 
of  the  arm. 


— 

25th  Grade 

50th  Grade   j    75th  Grade 

Q 

Corrected  Mean 

Males 

717-8 

739-9                  767 

24-6 

741-6 

Owing  to  difficulties  connected  with  dress  this  measurement  was  not 
taken  in  females. 

22.  Length  of  Cubit. 


— 

25th  Grade 

50th  Grade 

76th  Grade 

Q 

Corrected  Mean 

Males 
Females     . 

443-4 
402-7 

4582 
4170 

475-0 
435-5 

15-3 

16-4. 

458-5 
.  418-8 

23.  LengtJi  of  Hand, — This  is  ascertained  by  placing  a  steel  measuring 
tape  round  the  wrist  so  that  the  upper  border  of  the  tape  crosses  immedi- 
ately below  the  tips  of  the  styloid  processes  of  the  radius  and  ulna,  and 
measuring  from  the  upper  border  of  the  tape,  midway  between  each  side  of 
the  wrist,  to  the  extremity  of  the  middle  finger. 
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— 

25th  Grade 

60th  Grade 

75th  Grade 

Q 

Corrected  Mean 

Males 
Females 

187-3 
165-9 

192-9 
174-3 

198-6 
181-2 

5-6 
7-6 

192-9 

173-9      ; 

'    24.  Proportions  which  tJie  Upper  Livib  he.ars  to  the  Stature  and  to  its 
different  Segments,  and  the  mean  lengths  ofHi^  latter, 

(a)  The  proportion  which  the  whole  upper  limb  bears  to  the  stature 

.  in  the  males  is  43-2  per  cent. 
(6)  The  proportion  which  the  length  of  the  cubit  bears  to  the  stature 
is  26*7  per  cent,  in  the  males  and  25*9  per  cent,  in  the 
females. 

(c)  The  lengths  of  the  three  segments  of  the  upper  limb  as  obtained 

by  subtraction    from  the  corrected  means  of  the  last  three 
measurements  (21,  22,  and  23)  are  as  follows  : — 

Males  Females 

Upx>erarm       ••.•>•        288*1  — 

Forearm «        265-6  244-4 

Hand 192-9  173-9 

(d)  The  p)*oportion  which  the  length  of  the  upper  arm  bears  to  the 

stature  is  16*5  per  cent,  in  the  males. 

(e)  The  proportion  which  the  length  of  the  forearm  bears  to  the 

stature  is  15*4  in  the  males  and  15*1  in  the  females. 
(/)  The  proportion  which    the   length  of  the  hand  bears  to  the 

stature  is  11*2  in  the  males  and  10*8  per  cent,  in  the  females. 
{g)  The  proportion  which  the  length  of  the  forearm  bears  to  that 

of  the  upper  arm  (the  latter  being  taken  as  100)  is  94*5  per 

cent,  in  the  males. 
{K)  The  proportion  which  the  length  of  the  hand  bears  to  that  of 

the  forearm  (the  latter  being  taken  as  100)  is  72*6  per  cent,  in 

the  males  and  71*1  in  the  females. 

25.  Span  of  ArvM, — ^This  is  measured  across  the  back,  while  the  arms 
are  extended  at  right  angles  to  the  long  axis  of  the  body. 


— 

25th  Grade 

50th  Grade 

75th  Grade 

Q 

Corrected  Mean  | 

Males . 
Females 

17001 
1546-7 

1757-5 
1593-2 

1815-6 
1648-0 

57-7 
50-6 

1757-7 
1595-7 

26.  Maximum  BihumsrcU  or  Shoulder  Breadth.  — This  gives  the  greatest 
breadth  of  the  shoulders,  and  is  measured  between  the  most  prominent 
external  surfaces  of  the  deltoid  muscles. 


— 

25th  Grade       50th  Grade 

7dth  Grade 

Q 

Corrected  Mean 

Males .        .        .1        395-6 

1 

408-5 

422-2 

13-3 

408-6 

27.  Maximum  Bitrochanteric  or  Hip  Breadth. — This  is  the  greatest 
width  from  the  external  surface  of  the  trochanter  of  the  one  femur  to  that 
of  the  other  measured  while  the  subject  stands  erect  with  the  fee  close 
together  and  parallel. 
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— 

25th  Grade 

6ath  Grade 

7dth  Grade 

Q 

Corrected  Mean 

Males. 

284 

297-5 

812 

141 

297-8 

28.  Proportions  of  Shoulder  and  Trochanteric  Breadths  to  the  Stature 
and  to  one  another,— (a)  The  proportion  which  the  maximum  breadth  of 
shoulder  bears  to  the  stature  calculated  from  the  corrected  means  of  these 
measurements  is  23*8  per  cent.,  while  that  of  the  trochanteric  breadth  to 
the  stature  is  17*3  in  the  males.  Topinard  gives  these  indices  in  Parisians 
as  22*9  and  18*5  respectively,  (b)  The  proportion  which  the  trochanteric 
or  maximum  hip  breadth  bears  to  the  maximum  shoulder  breadth  (the  latter 
being  taken  as  100)  is  72*9  per  cent.  Topinard  gives  this  index  in  one 
series  of  100  Parisians,  measured  by  A.  Bertillon,  as  83,  and  in  a  second 
series  of  40  individuals  as  80*8  per  cent. 

29.  Weight — The  figures  of  weight  are  given  in  English  pounds  and 
tenths  of  a  pound. 


— 

S5th  Grade 

.  50th  Grade 

-75th  Grade 

Q 

Corrected  Mean 

Males. 
Females     • 

133-8 
106-8 

.       M7-6  • 
119*0 

169-6 
129-3 

149 
11-2 

148-2 
118-4 

30.  Strength  of  Grasp. — The  results  here  given  are  the  mean  of  the 
right  and  left  hands,  and  not  the  strongest  grasp  with  either  hand  as 
frequently  recorded,  and  is  expressed  in  pounds  and  decimals  thereof* 


25th  Grade 

50th  Grade 

75th  Grade 

Q     1  Corrected  Mean 

Males.       .       . 
Females 

50-0 
38-7 

71-3 
46-2 

79-8 
57-7 

8-4 
9-6 

71-3 
472 

In  the  males  the  right  hand  is  the  stronger  in  64  cases ;  that  is,  in 
67*4  per  cent.  The  left  hand  is  the  stronger  in  22  cases  ;  that  is,  in 
23*1  per  cent.  Both  hands  are  of  equal  strength  in  9  cases  ;  that  is,  in 
9*5  per  cent. 

In  the  females  the  right  hand  is  the  stronger  in  37  cases  (67*3  per 
cent.)  ;  the  left  hand  is  the  stronger  in  14  cases  (25*4  per  cent.) ;  the 
strength  of  both  hands  is  equal  in  4  cases  (7*3  per  cent.). 

31.  Vital  Capacity  of  the  Lungs. — This  was  ascertained  by  means  of 
Stanley's  spirometer,  and  is  given  in  cubic  inches,  to  which' the  instrument 
is  graduated. 


— 

25th  Grade 

50th  Grade 

7ntb  Grade 

Q 

Corrected  Mean 

Males.        .        . 
Females 

168-4 
120-6 

201-6 
136-8 

233 
160 

32-2 
15-0 

2010 
1361 

32.  Vision. — The  strength  of  vision  was  tested  by  means  of  Snellen's 
test-types  at  a  distance  of  six  metres  from  the  eye,  each  eye  being  tested 
separately.  While  one  eye  was  being  tested  the  other  was  kept  open  and 
A  black  card  was  held  over  it,  so  that  the  type  could  only  be  seen  by  the 
eye  being  tested. 

Of  the  96  males  tested  only  32,  or  33*3  per  cent ,  had  normal  vision; 
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that  is  to  say,  were  able  to  read  with  both  eyes  No.  6  type.  Of  the  96 
males,  39  were  46  years  of  age  and  upwards.  The  vision  of  the  females  was 
better,  as  30  out  of  55  tested,  or  52*7  percent.,  hod  normal  vision;  but,  on 
the  other  hand,  only  8  of  the  number  tested  were  46  years  of  age  and  up- 
wards. In  a  large  number  of  cases  in  both  sexes,  the  vision  in  one  eye  was 
more  defective  than  in  the  other. 

33.  No  cases  of  colour  blindness  were  discovered  in  either  males  or 
females. 

The  following  table  gives  the  canon  of  proportion  of  the  several  parta 
of  the  body  in  relation  to  the  stature,  the  latter  being  taken  as  100.  In 
this  collected  form  it  will  be  found  more  convenient  for  comparison  with 
those  of  artists. 

Canon  of  Proportion  o/tlie  Body, 


Trunk,  inclading  head  and  neck,  to  the  level  of  the  TSther 

liehia    .        , 

Lower  limbs  from  the  level  of  the  Tuber  Ibekia 

Males 

62-3 
47-7 

Females 

53 
47 

Total    . 

100 

100 

Upper  limbs  (acromion  to  end  of  medins  finger)     . 

43*2 

— 

Head  vertex  to  chin 

tfagns 

„         mouth       .        .                .... 

12-4 
7-5 
9-9 

IS 
79 
10-5 

Trunk  and  neck 

39*9 

40 

Thigh                             1  MalM    Females   .... 
Leg  and  height  of  foot/  477        47        ...        . 

22-2 
25-5 

22-4 
24-6 

Upper  arm^                                               .        .        .        . 
Forearm     \      .               43-2        —         .        .        .        , 
Uaod         j                                              .        .        .        . 

16-6 
16-4 
11-2 

151 
10-8 

Cubit .        .        . 

Shoulder  breadth       .                        .        . 

28-7 
23'8 

25-9 

Hip  breadth 

17-3 

— 

On  the  North-Weatem  Tribes  of  Gcmada. — Ninth  Report  of  the 
Committeey  C07i8i8tmg  of  Br.  E.  B.  Tylor,  Mr.  Gt.  H.  Bloxam, 
Dr.  Gr.  M.  Dawson,  Mr.  R.  Gr.  Haliburton,  and  Mr.  H.  Hale. 

The  Committee  were  appointed,  as  in  former  years,  to  investigate  the 
physical  characters,  languages,  and  industrial  and  social  condition  of 
the  North- Western  Tribes  of  the  Dominion  of  Canada. 

In  consideration  of  the  difficulties  and  delays  in  completing  their 
work  of  Canadian  exploration  and  editing  its  results  the  Committee  have 
been  reappointed  for  this  year,  without  a  grant  of  money.  They  are 
thus  enabled  to  send  in  the  following  report,  by  Dr.  Franz  Boas,  on  the 
*  Tribes  of  the  Lower  Fraser  Biyer,'  in  continuation  of  his  previous  oom- 
munications.  This,  however,  does  not  exhaust  the  anthropological  infor^ 
mation  in  course  of  being  obtained  and  put  in  order  by  the  Committee, 
who  hope  to  bring  their  investigations  to  a  close  during  the  present  year^ 
and  to  report  finally  to  the  Meeting  of  the  Association  in  1895. 
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TJie  Indian  Tribes  of  the  Lower  Fraser  Biver.    By  Dr.  Franz  Boas. 

In  the  sixth  report  of  the  Committee  I  described  the  cnstoms  of  the 
Lkn'ngEn,  the  most  sent  hern  groap  of  the  Coast  Salish  living  on  British 
territory.  The  northern  neighbours  of  the  Lku'ngEn,  who  will  be  de- 
scribed in  the  following  pages,  speak  the  K'anetcin  (Cowichan)  language. 
This  dialect  of  the  Coast  Salish  is  spoken  on  Vancouver  Island  from  Saa- 
nitch  Inlet  to  Nonoos,  on  the  islands  north  of  Saanitch  Peninsula  and  on 
the  Lower  Fraser  River  as  far  aa  Yale.  The  language  aa  spoken  on  Van- 
couver Island  and  on  the  mainland  shows  slight  dialectic  differences,  the 
most  striking  ones  being  the  general  substitution  of  I  for  n,  and  of  a  for  a, 
on  Fraser  River.  I  have  given  elsewhere  some  notes  on  the  tribes  of 
Cowichan  River  and  of  ISTanaimo  which  belong  to  this  group.^  Therefore 
I  confine  myself  in  the  following  pages  to  remarks  on  the  tribes  of  the 
mainland,  whom  I  studied  in  the  summer  of  1890. 

The  Cowichan  of  the  mainland  are  divided  into  fourteen  tribes,  each 
forming  a  village  community.  The  inhabitants  of  each  village  are  believed 
to  be  the  descendants  of  one  mythical  personage.  I  give  here  a  list  of 
tribes,  their  villages,  and  the  names  of  the  mythical  ancestors  : — 

Tribe.  Villages. 

1.  QmE'<jkoyim.     Ma'le,  on  North  Arm  of  Fraser  River. 

2.  K-oa'antEl.       Stcuwa'cBl,  near  South  Arm  of  Fraser  River. 

Tce'tstlEs,  at  New  Westminster. 

3.  K'g'etse.  SElts'ft's,  at  head  of  Pitt  Lake,  summer 

village. 

Cuwa'lE^Et,  at  lower  end  of  Pitt  Lake,  win- 
ter village. 

Ma'mak'ume,  above  Langley,  on  left  bank. 

Kokoae'uk',  on  Sumass  LiEike. 

La'qaul,  summer  village. 

Skuya'm,  winter  village. 

Ts'uwa'le,  Qe'lBs  (on  upper  part  of  Chillu- 
wak  River). 

StsEe'lis. 

Sk-au'clitsk,  SkuA'tats. 

Tca'tcOHil,  Tce'iam. 

Pa'pk'um. 

SQuha'mEn  (Agassiz). 
SqE'ltBN  (two  miles  above  Hope). 
CilEk'aa'tl  (Yale),  Cuwulse'lBm. 
Asila'o. 


Ancestor. 
Pa'pk-EltEl  (flag). 
K-alE'tsEmBs 

(badger). 
Tsata'sEltEn. 


Sk'Ele'yitl  (beaver). 

lalEpk'g'lEm 

(sturgeon). 
T'e'qulatca, 

Ts'a'fsEmiltQ. 

E-ulte'mBltQ. 

Qa'latca. 

Aiuwa'luQ  (mountain 

goat). 
AutltS'n. 

Suwila'sia. 
Qe'lqElEmas. 


4.  Ma'9Qui. 

6.  LBk-'a'mEl. 
(NBk-'a'mEn). 

6.  Tc'ilEQue'uk*. 

7.  StsEg'lis. 

8.  Sk-aa'elit.sk. 

9.  PEla'tlq. 

10.  Pa'pk'um. 

11.  Slyi'ta. 

12.  Ewa'wus. 

13.  Ts'akua'm. 

14.  QBla'U. 

The  tribes  above  Sknya'm  are  collectively  called  Te'it  =  those  np  river. 
The  tribal  traditions  tell  that  Qals,  the  deity  (see  p.  463),  met  the  ances- 
tors of  all  these  tribes  and  transformed  them  into  certain  plants  or 
animals  which  generally  abound  near  the  site  of  the  winter  village.  For 
instance,  Male  is  well  known  for  the  great  number  of  flags  growing  in 
the  slough  near  the  village,  mountain-goats  are  found  not  far  from 
Pa'pk'um,  and  so  forth.  In  many  cases  the  ancestor  is  said  to  have  been 
transformed  into  a  rock  of  remarkable  shape  or  size,  which  is  found  not 
far  from  the  village.  Thus  T'e'qulatca,  Qa'latca,  and  Autlte'n  are  still 
shown.  I  do  not  understand  that  the  tribe  itself  claims  any  relationship 
with  these  animals  or  plants,  but  nevertheless  these  ideas  must  be  con- 

'  Ameri<!an  Anthropoloffi^t  1889,  p.  321 ;  *  Znr  Ethnologic  von  Britisch-Columbien/ 
Petermann*s  Mittheilun^en^  1887,  No.  6 ;  Verhandltiftgepi  dcr  Berliner  Ge^eUMikaft  fUr  . 
AfUh/ropohgie^  Mhnologie  vnd  UrffesehWUe,  18*^1,  p.  028.  '  '^ 
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Qa'wulBts  man 
Sk-au'eUts. 


SH&'lSya  marric 
StsEse'lis. 


Ts'ft'tsBmiltQ  mv     ^ 
Ts'&'tsBlawit  mi 
StsBd'lis. 


sue  doubtful. 


Si  sue  doubtful. 

Bue  unknown, 
sue  unknown. 
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sidered  as  an  interesting  phase  in  the  development  of  totemism.  Some 
of  the  more  complicated  institutions  of  this  class  may  have  originated  from 
similar  concepts. 

A  few  of  the  tribes  have  certain  privileges  not  shared  by  the  others. 
This  is  particularly  the  case  of  the  Sqoa'eqoe,  the  curions  feathered  head 
with  prominent  eyes  which  I  have  described  on  a  former  occasion  ('Proc. 
U.S.  National  Masenm/  1888|  p.  212),  and  which  is  the  crest  of  certain 
families  among  the  ^atloltq  (Gomoz)  and  Nanaimo.  This  crest  belongs 
originally  to  several  tribes  of  the  mainland.  The  Sqoa'eqoe  are  believed 
to  be  a  sapemataral  people  living  in  lakes.  When  a  person  succeeds  in 
bringing  one  of  them  to  the  suiface  of  the  water  he  and  his  descendants 
acquire  their  protection  and  assume  their  figure  as  the  crest  of  their 
family.  It  belongs  to  the  Sk'au'elitsk,  Swa'wus,  and  Ts'akua'm.  The 
Sk'au'elitsk  tell  that  their  ancestor,  K'ulte'mEltQ,  had  two  sons  and  two 
daughters.  The  latter  went  fishing  every  morning.  One  day  they  caught 
first  each  a  trout.  Later  on  they  felt  that  they  had  caught  something 
heavy,  and  on  hauling  in  the  line  saw  the  prominent  eyes  and  the  long 
feathers  of  the  Sqoa'eqoe.  They  called  their  father,  who  carried  him 
home,  but  soon  the  being  disappeared  and  only  his  dress  remained. 
K'ulte'mEltQ's  descendants  married  in  the  Stsee'lis,  QmE'^koyim,  Snanai'- 
muQ,  Sk*oa'nic,  K'auetcin,  and  Q^tloltq  tribes,  and  thus  the  use  of  the 
Sqoa'eqoe  was  disseminated.  The  Ewa'wus  tell  that  an  orphan  boy  went 
swimming  and  diving  every  day  in  order  to  get  strong.  One  day  he 
made  a  fire  near  a  lake  and  accidentally  spat  into  the  water.  When  he 
dived  he  was  almost  drowned.  At  the  bottom  of  the  lake  he  found  the 
Sqoa'eqoe  trying  to  heal  a  sick  girl  of  their  people  whom  the  saliva  had 
hit  and  made  sick.  The  boy  washed  her  and  she  recovered  at  once. 
Then  they  gave  him  the  Sqoa'eqoe.  The  Ts*akua'm  say  that  their 
ancestor  found  the  Sqoa'eqoe. 

In  the  above  list  of  tribes  the  Kui'kotlEm  of  Tcane'tcEn  have  been 
omitted.  They  are  descendants  of  slaves  of  TlpElk'e'lsn,  chief  of  the 
K'oa'antEl,  who  established  a  fishing  station  at  the  site  of  the  Kui'kotlEm 
village,  and  ordered  part  of  his  slaves  to  live  at  this  place.  Five  gene* 
rations  ago,  when  wars  were  raging  on  this  part  of  the  coast,  they  became 
free,  and  continue  to  occupy  their  old  village.  They  are,  however,  not 
considered  as  equals  of  the  other  tribes,  and  never  owned  any  land.  They 
do  not  claim  to  be  the  descendants  of  a  mythical  ancestor.  Their  present 
chief  is  named  T'E'lk'Es. 

The  tribal  traditions  of  these  people  are  evidently  founded  on  his* 
torical  events.  This  becomes  particularly  clear  in  the  cases  of  the 
Stsee'lis  and  of  the  Tc'ilEQue'uk*.  The  tradition  of  the  former  says  that 
Ts'a'tsEmiltQ,  the  ancestor  of  the  tribe,  was  sent  down  to  StsEe'lis  from 
heaven.  One  of  his  descendants  built  a  fish  weir  on  one  of  the  tributaries 
of  Harrison  River,  and  thus  deprived  another  tribe  on  the  upper  reaches 
of  the  river  of  its  food  supply.  K'ulk'E'mEHU,  chief  of  this  tribe  (who 
were  descendants  of  the  marten  and  of  the  mountain-goat),  sent  his  sons 
down  the  river  to  see  why  the  salmon  did  not  come  as  usual.  They  found 
the  weir  and  tried  to  destroy  it,  but  were  captured  by  Ts'a'tsEmiltQ's  sons, 
who  invited  the  tribe  to  descend  from  the  hills  and  to  live  in  StsEe'lis. 
They  followed  the  invitation,  and  ever  since  have  lived  with  the  StsEe'lis. 

According  to  tradition  the  Tc'ilEQue'uk*  spoke,  until  the  beginning  of 
this  century,  the  Nooksak  language,  which  prevails  fSstrther  to  the  south. 
The  tribal  myth  states  expressly  that  the  tribe  was  originally  a  mountain 
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tribe  living  on  the  upper  reaolies  of  Chillnwak  Biver,  k         ydM  tbey 
migrated  down  the  river.  ^. 

Evidently  historical  traditions  are  preserved  relatively  fai 
these  tribes.  This  is  shown  particularly  dearly  in  the  care  whi( 
in  preserving  the  pedig^rees  of  chiefs.  I  obtained  one  of  these  e^ 
eight  ffenerations.  I  reproduce  here  that  part  of  the  same  whic! 
been  aole  to  corroborate  by  repeated  inquiries  among  different  brai 
the  family.  The  chief  of  a  tribe  always  takes  the  name  of  the  p: 
chiefs,  sometimes  that  of  the  mythical  ancestor,  which  accounts  fol 
recurrence  of  the  same  names.  When  a  person  has  relatives  in 
villages,  be  is  known  by  two  names.  In  each  village  he  is  called  it'^l* 
name  belonging  to  the  villa^.  Thus  'Captain  George'  is  known\  \^ 
Ts  a'tsBmiltQ  in  StsKe'lis,  as  Qa'wulBts  in  Sk'ts&'s,  north  cf  Harrison  Lai  ^^ 

Table  II.  ^ 

/  i  K'Bl&'walBts    marries 
tsft'mat,     SEl&'sanwot 


^  Qa'wulBts  mar* 
riea  QEd'tflu- 
wot  of  Lku'fi- 
gBn. 


/  i  Q&'widBts  marries  Ckitlt&'t 
of  Aflilft'o. 


SH&'ldya  marries  TcEl&'qu« 
wot  of  Sk*ts&'s,  daughter  of. 
Kil'nwa. 


LEk-'ft'mBl,    daughtei 
QElts&'m. 
GH^'itla  (see  Table  I.). 
Skuta&'stBlftt     married      to 
LBmlB'matsEs,  a  QmE' ykuv  • 
im. 

,  S  E'&'awa    married    at    Port 
Douglas. 
^  Ts'd'k-taqBl  marries  Ts'a'itl 

of  Asilft'o. 
9  SHal&yeya  married  to  E'sta'- 

laQEn  of  Lillooet. 
?  S*Syi'tla  married toTsE'lpEltQ 
of  Ck>wichan. 


>t     onl^ 


S  Gyl'EmBt  marries  Ts'El&'qn- 

wot,  daughter  of  E'a'uwa  of 

8k*t8&'s,  sister  of  the  above. 

^  QelqBlEmas  marries  SualA'- 

p'Sya  of  Ski;sft's. 

I  S  Ts*BtB&'mEt  marries  Ts'&'mE- 

\         koat  of  Skts&'s. 

These  pedigrees  are  also  of  some  interest,  as  they  show  the  mode  of 
intermarriage  among  the  tribes  of  these  regions,  and  as  they  bring  oat 
the  extermination  of  whole  families  veiy  clearly.  It  appears  that  the 
mortality  of  children  is  the  principal  cause  of  diminution,  much  more  so 
than  decrease  in  the  number  of  children  to  each  family. 

It  appears  that  the  tribes  of  Harrison  Biver  intermarry  with  the 
Lillooet  tribes  north  of  Harrison  Lake.  These  tribes  are  organised  essen- 
tially in  the  same  way  as  those  of  Fraser  River,  each  village  community 
claiming  a  common  ancestor.  Thus  the  ancestor  QaVulEts  of  the  SkHsa^s 
is  said  to  have  been  a  bear,  who  assumed  the  human  form  and  built  a 
town ;  the  PotE'mtEn  claim  to  be  the  descendants  of  a  stone  hammer 
and  of  chips  which  married  two  women. 

I  do  not  need  to  describe  the  houses  of  these  tribes,  as  they  are  the 
same  as  those  of  the  Lku'ngEu.  Above  Harrison  River  subterraneous 
lodges  like  those  of  the  Shushwap  were  sometimes  used,  although  the 
large  wooden  houses  were  more  common.  I  was  told  that  the  chief  of 
Sk^ts&'s,  north  of  the  upper  end  of  Harrison  Lake,  owned  a  house  with 
painted  front.  A  carved  pole  with  the  figure  of  a  raven  on  top  stood  in 
front  of  the  house.  ^  -  . 
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uliB       '^^^  mode  of  life,  fishing,  use  of  canoe  and  implements  do  not  differ 
w  materiallj  from  those  of  the  Lkn'ngsn. 

'■ 
f^  Customs  befxbring  to  Marbugb  and  Death. 

The  marriage  customs  are  almost  the  same  as  those  of  the  Lka'ngxn. 
When  a  yonng  man  desires  to  many  a  certain  girl  he  informs  his  parents. 
After  having  gained  their  consent  he  goes  to  the  house  of  the  girl's  father 
and  sits  down  outside  dose  to  the  door.  At  night  he  returns  home.  For 
three  days  he  continues  to  sit  there  silently.  Then  the  girl's  father, 
knowing  his  intentions,  invites  many  people  and  has  mats  and  blankets 
spread  near  the  fire.  He  sends  two  old  men  to  invite  the  young  man, 
who  enters  the  house  following  this  invitation.  He  is  seated  on  a  mat 
and  a  pile  of  blankets  is  placed  near  him.  His  father,  who  kept  a  watch- 
man near  the  house,  is  informed  at  once,  when  the  young  man  is  invited 
to  enter  the  house.  He  sends  four  blankets  to  the  two  old  men  who 
invited  his  son.  The  girl's  mother  meanwhile  prepares  a  large  dish 
filled  with  choice  food,  which  her  husband  presents  to  the  young  man. 
The  latter  eats  a  little  and  returns  home.  Then  his  father  sends  presents 
of  blankets  and  other  valuables  to  the  girl's  father.  This  is  continued 
for  three  or  four  days,  when  the  girl's  &ther  is  asked  if  he  is  willing  to 
give  the  girl  in  marriage  to  the  youth.  The  consent  being  given,  the 
groom's  father  asks  all  his  relatives  and  followers  to  assemble  on  the 
following  morning  in  order  to  fetch  the  bride.  They  load  their  canoes 
with  food  and  blankets  and  start  for  the  bride's  house.  Meanwhile  her 
house  is  cleaned,  and  after  some  time  the  canoes  land,  the  blankets  are 
carried  up  to  the  house,  and  after  the  purchase  of  the  girl  has  been 
settled,  the  dishes  filled  with  food  are  carried  to  the  hoase.  The  fiithers 
exchange  promises  of  kindly  treatment  of  the  couple,  in  the  course  of  which 
the  groom's  father  states  that  he  paid  a  high  price  for  the  girl,  because 
he  wants  to  prevent  a  separation  of  the  couple.  Then  the  visitors  return 
to  their  canoes.  After  some  time  four  old  men  lead  the  bride  to  the  canoe, 
holding  her  by  her  blanket.  Among  the  tribes  entitled  to  the  privilege  of 
using  the  Sqoa'eqoe,  one  of  these  men  wears  the  Sqoa'SqoS  mask.  He 
follows  the  girl.  Another  one  carries  a  rattle.  They  walk  over  mats  or 
blankets  spi«ad  from  the  door  to  the  landing-place.  After  they  have 
delivered  the  bride  to  the  gproom,  they  are  paid  two  blankets  each  by  the 
groom's  father.  The  latter  distributes  blankets  repeatedly  among  the 
bride's  relatives,  first  in  her  house,  later  on  before  leaving,  from  the 
canoe,  an  old  man  of  his  &mily  delivering  an  oration  meanwhile.  Then 
blankets  are  given  to  the  chief  of  the  bride's  fiunily,  who  distributes  them. 
Before  the  visitors  leave,  the  bride's  father  presents  blankets  to  the  groom's 
father,  who  distributes  them  among  his  people.  When  the  party  arrive 
at  the  groom's  house,  his  parents,  uncles,  and  aunts  receive  the  young 
wife  with  presents.  After  the  marriage  the  two  &milies  feast  each  other 
\  frequently. 

i       Sometimes  chiefs  betroth  their  children  in  early  youth.     They  bind 

jthemselves  by  exchanging  presents.     In  this  case  the  ceremonies  are 

teomewhat  simpler.     The  parents  guard  their  children  with  particular 

[care.     When  they  are  old  enough  to  be  married  the  youth  assembles 

nany  of  his  friends  and  sends  word  to  his  bride's  parents,  stating  when 

tie  intends  to  come.     At  the  appointed  time  he  lands  and  brings  many 

iresents,  food  and  blankets,  to  his  bride's  father,  which  the  latter  distri- 
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bates  among  his  family.  The  bride's  father  presents  one  blanket  and 
some  food  to  each  of  his  visitors,  who  depart,  taking  the  bride  along.  As 
a  rule,  the  latter  follows  her  husband.  When  she  gets  old  and  sickly  she 
often  returns  to  her  own  village,  in  order  to  be  bnried  with  her  relatives. 
Only  when  some  of  her  children  preceded  her  in  death  she  is  buried  with 
them.  Although  chiefs  were  in  the  habit  of  taking  wives  in  other 
villages,  marriages  among  ^milies  of  the  same  village  were  not  forbidden. 

The  customs  of  the  Lillooet  tribes  above  Fort  Douglas  were  different. 
Girls  when  of  age  slept  with  their  mothers.  When  a  man  intended  to 
marry  a  girl  he  crept  stealthily  up  to  her  bed  and  tried  to  take  hold  of 
her  heel.  The  meaning  of  this  action  is  said  to  be  founded  on  the  fact 
that  the  heel  of  the  woman  is  near  her  private  parts  when  she  squats,  as 
Indian  women  are  in  the  habit  of  doing.  She  informs  her  father  at  once 
that  a  certain  man  has  taken  hold  of  her  heel,  and  he  must  marry  her. 
She  follows  the  young  man  to  his  parents.  As  soon  as  they  arrive,  the 
groom's  mother  fills  many  baskets  with  boiled  food  and  sends  them  to 
the  bride's  mother,  while  the  male  relatives  of  the  youth  carry  blankets 
and  other  presents  to  the  g^l's  father.  They  are  invited  to  sit  down  and 
given  a  feast.  The  bride's  father  sends  the  groom  bows  and  arrows  and 
shoes  that  he  may  be  able  to  hunt  for  his  wife.  The  groom's  mother 
gives  her  dentalia  for  her  hair,  earrings,  and  bracelets.  After  the  young 
man  has  killed  a  number  of  deer  be  carries  them,  helped  by  his  friends, 
to  his  wife,  and  asks  her  to  take  them  to  his  father-in-law.  She  asks 
several  women  to  help  her,  and  they  take  the  meat  to  her  father  s  house. 
The  young  couple  and  the  parents  continue  to  exchange  presents  for 
several  years. 

I  have  not  learned  anything  of  importance  regarding  customs  refer «> 
ring  to  birth.  The  names  are  given  by  paternal  and  maternal  relatives, 
and  each  family  and  tribe  has  its  own  names.  For  this  reason  each  person 
has  several  names,  and  is  called  in  each  village  differently  :  in  his  mother's 
village  by  the  name  of  the  maternal  relative  after  whom  he  is  called ;  in 
his  father's  village  by  the  name  of  the  patei'ual  relative  whose  name  he 
has  received. 

The  ancient  burial  oustoms  were  described  to  me  as  follows : — ^Each 
family  had  its  own  burial-place,  which  consisted  of  a  large  box  or  a  small 
house  built  on  piles.  This  building  was  erected  by  members  of  the 
family  only,  and  all  those  who  helped  to  make  it  received  ten  blankets  in 
payment  from  the  chief.  All  the  members  of  a  family  were  placed  in 
this  box  or  house.  The  first  one  to  die  was  placed  in  the  north-east 
(or  north-west)  comer,  the  face  turned  eastward,  the  body  lying  on  its 
left  side.  The  next  one  was  placed  south  of  the  first,  and  so  on  until 
one  row  was  filled.  Then  a  new  row  was  begun,  and  the  dead  ones  were 
all  deposited  in  the  same  box  until  it  was  full.  Persons  who  were  very 
fond  of  each  other  were  often  placed  side  by  side.  When  the  building 
was  full,  the  bones  were  taken  out,  put  on  new  blankets,  cleaned,  and 
placed  in  a  new  box.  Evidently  they  were  piled  up  in  one  corner,  as 
there  was  room  for  additional  burials  in  the  new  box.  After  the  bones 
had  been  replaced  three  or  four  times,  they  were  not  taken  oat  again,  but 
a  new  house  was  erected.  Chiefs  and  common  people  were  buried  in 
separate  houses  or  boxes. 

The  burial  ceremonies  were  as  follows : — ^Immediately  after  a  death 
had  occurred,  the  corpse  was  prepared  for  burial  by  an  old  man,  who  had 
first  to  chew  cedar  leaves  as  a  protection  against  the  dangerous  influences 
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of  contact  with  a  corpse.  He  washed  the  body,  painted  it  red,  put  on 
the  bracelets  and  other  ornaments  of  the  deceased,  donbled  it  up,  so  that 
the  knees  toached  the  chin,  and  wrapped  it  in  blankets  or  mats.  A 
yonng  man  mast  not  do  this  work,  as  he  would  die  soon.  When  the 
deceased  had  been  a  chief  or  a  personage  of  importance,  all  the  neigh* 
bonring  tribes  were  invited  to  take  part  in  the  following  ceremonies* 
After  they  had  assembled,  the-  wife  of  the  chief  mourner  gave  each  water 
to  wash  his  face.  Then  the  gnests  were  given  a  feast,  and  on  the  follow* 
ing  day  the  corpse  was  placed  in  a  canoe  and  removed  to  the  bnnal-g^nnd, 
where  it  was  deposited  not  far  from  the  scaffold  which  served  for  the  final 
burial.  The  gnests  retni-ned  to  the  house,  and  were  given  again  water  to 
wash  their  foces.  For  four  days  the  body  was  left  standing,  that  the 
dead  might  be  able  to  return  in  case  he  should  resuscitate.  Then,  on 
'the  fifth  day,  before  sunrise,  and  before  partaking  of  any  food,  the 
mourners  and  guests  returned  to  the  burial-ground.  If  the  deceased 
owned  the  Sqoa'eqoe,  the  latter  was  carried  ihere  by  an  old  man,  who 
received  payment  for  this  service.  Slaves,  blankets,  and  other  property  of 
the  deceased  were  taken  along.  Four  old  men  put  the  body  into  the 
house.  They  must  fast  until  lat'C  in  the  evening,  when  the  chief  mourner 
gave  a  feast.  The  slaves  were  killed  and  placed  on  top  of  the  burial- 
house,  where  the  blankets  were  also  deposited.  Other  objects  were  tied 
to  branches  of  trees  near  the  burial-ground.  Only  those  objects  which  the 
deceased  valued  most  highly  were  placed  in  the  house.  It  is  stated  that 
the  people  were  allowed  to  take  away  all  those  objects  which. were 
deposited  near  the  box.  In  the  evening  of  the  same  day  the  chief 
mourner  gave  a  feast,  during  which  everything  was  burned  that  belonged 
to  the  deceased.  An  old  man  threw  the  objects  into  the  fire.  The 
guests  were  presented  with  blankets,  and  returned  home.  If  the 
deceased  was  a  chief,  his  son  fasted  and  bathed  in  ponds  on  the  mountains, 
until  he  believed  that  he  bad  seen  a  spirit  which  gave  him  snpernatural 
powers.  Then  be  began  to  collect  property.  When  he  had  gathered  a 
large  amount,  he  invited  all  the  neighbouring  tribes,  and  gave  a  feast 
which  lasted  for  four  days.  Then  he  selected  two  old  men,  who  had  to 
tell  the  people  that  he  was  going  to  assume  his  father's  name.  The 
yonng  man,  with  his  wife  and  children,  stood  on  the  scaffold  in  front  of 
their  hoose,  and  while  the  woman  and  childi-en  were  dancing  there,  the 
old  men  delivered  orations,  and  the  yonng  chief  distributed  blankets 
among  his  guests,  throwing  the  blankets  down  from  the  scaffold. 

It  does  not  appear  that  it  is  forbidden  to  mention  the  names  of 
deceased  persons. 

The  burial  customs  of  the  Lillooet  are  somewhat  different.  I  was 
told  that  the  dead  are  placed  *  so  that  their  backo  never  turn  toward  the 
sun.'  They  are  laid  on  their  left  sides,  the  head  westward,  the  face 
southward.  Old  men  are  hired  to  paint  the  hce  of  the  deceased,  and 
they  deposit  the  body  in  a  cave  as  described  before.  The  weapons  and 
implements  used  by  the  deceased  are  bnried  near  the  gpive,  but  his 
friends  are  said  to  be  permitted  to  keep  some  of  his  implements,  provided 
the  son  consents. 

Hunting  and  Fishing. 

Man  and  all  animals  which  are  hunted  are  considered  one  great 
family.  The  porcupine  is  called  the  eldest  brother,  and  is  considered  the 
strongest.    Next  in  rank  is  the  beaver,  third  the  U'etspek*  (?),  fourth 
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the  bnfialo,  fifth  the  moantain-goat,  sixth  the  black  bear,  seventh  the  elk, 
eighth  the  marten,  ninth  the  eagle.  The  mink  is  one  of  the  Tery  last 
among  the  brothers.  Accordingly  there  are  a  number  of  restrictions  and 
regulations  referring  to  hnntin^a^. 

When  a  porcupine  is  killed,  the  hunter  asks  his  elder  brother's 
pardon,  and  does  not  eat  of  the  flesh  until  the  ensuing  day. 

The  mountain-goat  hunter  fasts  and  bathes  for  several  nights.  Then 
early  in  the  morning  he  paints  his  chin  with  red  paint,  And  draws  a  red 
line  over  his  forehead  down  to  the  point  of  his  nose.  Two  tail  feathers 
of  the  eagle  are  fiekstened  to  his  hair*  These  ornaments  are  believed  to 
enable  him  to  climb  well. 

The  elk  hunter  adorns  his  hair  with  coal,  red  paint,  and  eagle-down. 
His  chin  is  painted  red,  and  two  red  lines  are  drawn  horiaontsdly  across 
his  face,  one  passing  between  nose  and  mouth,  the  other  over  his  eyes« 

Those  who  go  to  catch  sturgeon  bathe  in  a  pond  early  in  the  morning. 
They  rub  themselves  with  bundles  of  a  plant  called  tsk'vilptie  until  they 
Ueed.  Then  they  smear  their  bodies  and  faoes  with  red  paint,  and  strew 
white  eagle-down  on  their  heads.  Each  winds  a  thread  made  of  mountain- 
goat  wool  around  his  head,  and  another  one  around  his  waist.  A  woven 
blanket  of  mountain-goat  wool  is  painted  red,  and  put  on.  The  fish  is 
caught  in  the  following  manner: — Two  canoes  are  allowed  to  drift  down 
river,  a  net  being  stretched  between  them.  The  oarsmen  are  seated  on 
the  outer  sides  of  the  canoes  only.  The  net  is  stretched  between  two 
poles.  As  soon  as  a  sturgeon  is  caught,  the  two  canoes  approach  each 
other,  and  the  net  is  wound  up  by  means  of  the  poles.  While  this  is 
being  done  the  *  sturgeon  hunter '  sings,  and  by  means  of  his  song  pacifies 
the  struggling  sturgeon,  who  allows  himself  to  be  killed.  The  fisherman 
must  distribute  the  sturgeon  amone  the  whole  tribe,  each  person  receiving 
a  portion  according  to  his  rank.  I  was  told  that  the  Tc'ilsQue'nk-  do  not 
catch  sturgeon.  This  is  probably  due  to  their  recent  immigration  to  the 
Fraser  Biver  Delta. 

The  origin  of  the  various  designs  of  ornamentation  used  by  huntors 
is  made  clear  by  the  following  story,  which  was  told  to  me  by  George 
StsEe'Hs,  chief  of  that  tribe.  His  grandfather,  who  was  chief  at  Sk'tsa's, 
accompanied  another  man  on  a  bear  hunt.  After  two  days'  search  they 
found  the  tracks  of  a  black  bear,  and  soon  their  dog  scented  the  cave  in 
which  the  bear  was  asleep.  They  tried  to  stir  him  up  by  means  of  long 
sticks.  When  he  did  not  come  they  made  a  large  fire  at  the  entrance  of 
the  cave  in  order  to  smoke  him  out.  Still  he  did  not  come.  Then  the 
hunters  thought  he  was  dead,  and  the  companion  of  Oeorge's  grandfather 
crawled  into  the  cave.  At  once  the  bear  took  hold  of  his  head  and 
dragged  him  into  the  cava  The  grandfather,  on  seeing  this,  fainted, 
and  remained  in  a  swoon  for  three  days.  When  he  awoke,  he  saw  his 
companion  coming  out  of  the  cave.  He  told  him :  *  When  I  was  hauled 
into  the  cave,  the  bear  took  off  his  bearskin  blanket,  and  I  saw  that  he 
was  a  man.  He  bade  me  sit  down,  and  told  me  :  Henceforth,  when  you 
go  to  hunt  bears,  paint  the  point  of  your  arrow  red,  and  draw  a  red  line 
along  its  shaft  Draw  a  line  of  mica  across  ^our  face  from  one  temple  to 
the  other  across  your  eyes,  and  one  line  of  mica  over  each  cheek  vertically 
downward  from  the  eyes.'  When  the  hunters  reached  home  they  told 
their  experiences.  Henceforth  the  people  followed  the  instructions  of  the 
bear-man,  and  were  successfal  when  hunting  bears. 

The  panther  is  not  hunted  by  the  Stsse'lis,  because  he  is  supposed  ta 
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help  the  people  when  hunting  deer.  In  reference  to  this  belief,  George 
StsKe'lifl  told  me  that  his  grandfather  and  a  man  named  A'm'amaltsen 
went  hunting  in  their  canoes  on  Harriflon  Lake.  Soon  they  saw  a  number 
of  deer  crossing  the  lake.  A'm'amaltsen  went  in  pursuit,  but  George's 
grandfather  stopped  on  hearing  a  panther  call  him.  He  went  ashore, 
and  immediate]  J  a  panther  jumped  aboard  and  asked  to  be  carried  across 
the  lake.  The  man  obeyed,  and  when  he  had  almost  reached  the  other 
side,  the  panther  jumped  ashore,  crying  Hum!  hum !  He  jumped  up  the 
mountain,  and  soon  a  great  number  of  deer  came  down  the  hills,  which 
the  panther  had  sent.  Ever  since  that  time  he  has  helped  thn  StSBg'lis 
in  hunting  deer. 

These  tales  are  interesting,  particnlsrly  on  sccount  of  their  close 
similarity  to  the  traditions  of  the  animal  totems  of  America. 

A  great  number  of  restrictions  and  regulations  refer  to  the  salmon. 
These  rules  are  similar  to  those  observed  among  the  other  coast  fcribcR* 
When  the  fishing  season  begins,  and  one  of  the  fishermen  catches  the 
first  sockeye-salmon  of  the  season,  he  carries  it  to  the  chief  of  his  tribe, 
who  delivers  it  to  his  wife.  She  prays,  saying  to  the  salmon  :  *  Who  has 
sent  you  here  to  make  us  happy  P  We  are  thankful  to  your  chief  for 
sending  you.'  Then  she  begins  to  cut  it.  She  commences  at  the  tail, 
holding  the  latter  with  her  foot,  and  cutting  along  the  belly  towards  the 
head.  After  having  reached  the  middle  of  the  fish  she  must  rise,  go  to 
the  head,  hold  the  latter  with  her  foot,  and  make  another  cut  from  the 
head  along  the  belly  towards  the  middle  of  the  fish,  thus  completing  the 
whole  cut.  She  is  forbidden  to  turn  the  salmon.  Then  the  fish  is  roasted 
on  a  frame  placed  over  the  fire.  After  one  side  is  done,  it  is  turned  over. 
The  skin  and  the  bones  must  not  be  removed.  Then  the  whole  tribe  is 
invited.  The  plant  pe'pek'oi  and  pewter  grass  are  placed  in  a  basket, 
rubbed,  and  a  decoction  is  made  of  these  plants,  which  is  nsed  as  a 
medicine  *  for  cleansing  the  people.'  The  guests  drink  this  decoction, 
and  then  every  member  of  the  tnbe  receives  and  cats  part  of  the  fish. 
Widows,  widowers,  women  during  their  menses,  and  youths  must  not  eat 
of  the  salmon.  Even  later  on,  when  the  fish  are  numerous,  and  these 
oeremonies  are  dispensed  with,  they  are  not  allowed  to  partake  of  fresh 
salmon,  but  eat  dried  salmon  only.  The  sockeyei-salmon  must  always  be 
looked  after  carefully.  The  bones  must  be  thrown  into  the  river.  It 
is  believed  that  then  they  will  revive,  and  return  to  their  chief  in  the  west. 
If  not  treated  carefully,  they  will  takn  revenge,  and  the  careless  fishermau 
will  be  unlucky. 

Belioion. 

Man  is  believed  to  have  four  souls.  The  main  soul  is  said  to  have 
the  shape  of  a  mannikin,  the  others  are  the  shadows  of  the  first.  In 
disease  either  the  lesser  souls,  or  the  main  one,  leave  the  body.  Shamans 
can  easily  return  the  shadows,  but  not  the  main  soul.  If  the  latter  leaves 
the  body  the  sick  one  must  die.  After  death  the  main  soul  goes  to  the  sun- 
set, where  it  remains.  The  shadows  become  ghosts  {palehoi'tsa).  They 
revisit  the  places  which  the  deceased  frequented  during  lifetime,  and 
continue  to  do  the  same  actions  which  he  did  when  alive.  Souls  are 
believed  to  be  taken  away  by  the  rising  sun,  which  thus  produces  disease. 
They  may  be  recovered  by  shamans.  The  belief  of  the  identity  of  the 
shadow  and  the  lesser  soul  accounts  also  for  the  custom  that  nobody 
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must  lefc  his  shadow  fall  on  a  siok  shaman,  as  the  lafcter  might  take  it, 
and  thns  replace  his  own  lost  soul. 

There  are  two  classes  of  shamans :  the  witches  (Si'owa,  called  S96'wa 
by  the  Liilooet)  and  the  SQnla'm.  The  difference  between  the  two  has 
been  described  in  the  sixth  report  of  the  Committee  in  the  account  of 
the  beliefs  of  the  Lku'ngEn.  The  witch  can  see  the  wandering  soul,  but 
she  cannot  return  it.  The  SQala'm  acquires  his  art  by  fasting  and  cere- 
monial cleansing,  which  consists  principally  in  bathing  and  vomiting. 
This  is  continued  until  he  has  a  revelatioui  In  his  incantations  he  uses 
rattling  anklets  and  bracelets  around  wrists  and  above  elbows,  which  arc 
made  of  deer  lwmU\  and  bird  claws.  When  it  is  the  object  of  his  incanta- 
tion  to  recover  a  lost  nmj^  he  covers  himself  with  a  large  mat,  and  begins 
to  dance,  stamping  energeMsally,  until  he  is  believed  to  sink  into  tho 
ground  as  far  as  his  belly.  WUle  the  incantation  continues,  which  may 
be  for  one  or  even  two  days,  the  siok  one  must  fast.  Then  the  shaman 
lies  motionless  while  his  soul  goes  in  4[>ur8uit  of  that  of  the  patient. 
When  it  returns  with  the  lost  soul,  the  shanian  begins  to  move  again,  and 
shouts.  His  cries  refer  to  imaginary  incidei^ts  of  his  journey  and  to 
dangers  of  the  road.  •  As  soon  as  he  begins  to  move,  his  wife*  places  a 
cup  of  water  near  him,  which  she  heats  by  means  of  hot  stones.  Then 
he  rises,  holding  the  soul  in  his  clasped  hands.  He^sblows  on  it  four 
times  and  sprinkler  it  four  times  with  the  warm  watet^^.  After  having* 
warmed  it  by  these  means,  he  puts  it  on  the  sick  person's  fa^ad.  Thou  it 
enters  the  body  through  the  frontal  fontanelle.  He  pressed  on  it  four 
times  and  rubs  it  down  the  body,  which  the  soul  fills  enHi^^J-  ^h^ 
shaman  blows  some  water  on  the  chest  and  back  of  the  sick  person,  who 
is  then  allowed  to  drink,  and  after  some  time  to  eat.  The '  soul  may 
escape  while  the  shaman  is  trying  to  put  it  into  the  body  of  th^  patient. 
Then  he  must  go  once  more  in  pursuit.  Sometimes  the  8baman^^ees  the 
main  soul  breaking  into  several  parts.  The  owner  of  the  brokW  soul 
must  die.  ^ 

The  sun  plays  an  important  part  in  the  beliefs  of  these  tribe|B.  It 
has  been  stated  that  he  carries  away  souls.  He  is  also  believed  tA  send 
dreams  and  to  give  the  fasting  youth  revelations.  After  continued  Vast- 
ing  in  the  solitude  of  the  mountains,  the  sun  revealed  to  him  the  suJP^i''- 
natural  power  which  was  to  be  his  helper.  George  StsEe'lis  told  me  tPat 
his  grandfather  was  instructed  by  the  sun  to  take  a  large  piece  of  w^^ 
and  to  carve  the  design  of  a  mouth  on  it ;  this  was  to  protect  him  in  waV- 
When  he  was  wounded  the  bone  sucked  the  blood  from  his  wounds  atp^ 
vomited  it,  thus  curing  him.  Once  in  a  battle  fought  with  the  Lilloolpt 
be  was  wounded  in  the  abdomen.  He  escaped  on  the  ice  of  the  lak^^ 
dragging  his  entrails.  He  replaced  them  and  banda^^ed  himself  witib 
cedar-bark.     By  the  help  of  his  bone  implement  he  recovered.  I 

The  sun  told  warriors  before  the  battle  if  they  would  be  wounded/ 
After  having  received  such  a  warning  they  demanded  to  be  buried,  with  thei^ 
legs  stretched  out,  as  it  was  believed  that  the  sun  mi^ht  restore  them  t^ 
life.     By  continued  fasting  warriors  acquired  the  faculty  of  jumpingN 
high  and  far,  which  enabled  them  to  escape  the  missiles  of  their  enemies.  { 
This  was  considered  essentially  a  supernatural  power,  and  one  warrior  \ 
was  said  to  have  jumped  as  far  as  eighteen  fathoms.     Warriors  went  I 
naked  and  were  forbidden  to  eat  before  or  during  an  attack.     Their/ 
bodies  and  faces  were  painted  red,  and  black  spots  or  stripes  of  variousi 
designs  were  put  on  their  faces.     They  wore  head  ornaments  of  feathers  J 
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On  the  upper  reaches  of  Fraser  Biver  the  custom  of  cutting  o£E  the  heads 
of  the  slain  did  not  prevail,  bat  the  victor  took  the  head  ornament  of 
his  killed  enemj.  The  mode  of  warfare  was  the  same  as  everywhere  on 
the  coast :  unexpected  attacks  ou  the  villages  of  the  enemies  just  before 
the  dawn  of  the  day. 

Among  other  mythical  personages  I  mention  Qals,  the  great  trans- 
former, who  is  often  described  as  the  principal  deity.  I  have  treated  this 
subject  in  another  place.  ^  The  country  of  the  sockeye-salmon  is  in  the 
sunset.  Their  chief  is  a  powerful  being,  and  takes  care  that  the  rules 
referring  to  the  treatment  of  salmon  are  observed.  The  souls  of  the 
killed  salmon  return  to  him  and  are  revived. 

The  East  Wind,  Ca'tEts,  lives  in  the  sunrise ;  his  brother,  the  West 
Wind,  in  the  sunset.  The  east  wind  and  the  west  wind  are  their  shadows 
(or  souls  ?).  When  the  east  wind  is  blowing  a  long  time,  the  Indians  try 
to  appease  it.  Early  in  the  morning  they  take  sockeye  fat  and  throw 
it  into  the  fire.  Two  pairs  of  heads  of  sockeye-salmon  are  painted  red : 
one  pair  is  thrown  into  the  fire,  the  other  into  the  water. 

TEluwa'mEt,  the  Milky  Way,  is  the  place  where  the  two  parts  of  the 
sky  meet.  It  is  the  road  of  the  dead.  Most  of  the  constellations  were 
made  by  Qals,  who  transformed  men  and  transferred  them  to  the  sky. 
The  Pleiades,  for  instance,  were  children  whom  Qals  met  when  they  were 
crying  for  their  absent  parents. 

I  heard  only  a  few  remarks  referring  to  the  dances  of  these  tribes, 
which  appear  to  have  been  similar  to  those  of  the  Lku'ngEn.  The  dancing 
season  was  called  by  the  Kwakiutl  word  Me'itla.  It  is  a  very  curious 
fact  that  the  raven  was  believed  to  give  the  dancers  or  the  members 
of  the  secret  societies  their  songs,  as  the  raven,  who  plays  an  important 
part  in  the  mythologies  of  the  northern-  tribes,  does  not  seem  to  be  con- 
sidered a  powerful  being  by  the  tribes  of  Fraser  Biver,  excepting  in 
this  one  connection.  One  group  used  to  tear  dogs.  Another  one 
called  the  Sk'e'yip  inflicted  wounds  upon  themselves,  drank  the  blood 
streaming  from  these  wounds,  and  after  a  short  time  reappeared  sound 
and  well.  When  they  were  frightened  by  other  dancers  they  vomited 
blood.  Another  group  was  called  the  TfimEqa'n.  Evidently  these 
dances  were  quite  analogous  to  the  festivals  of  the  secret  societies  of  this 
region. 

I  add  a  few  current  beliefs :  The  grass  over  which  a  widow  or  a 
widower  steps  fades  and  withers.  Before  marrying  again,  the  widow  or 
widower  must  undergo  a  ceremonial  cleansing,  as  else  the  second  husband 
or  wife  would  be  subject  to  attacks  of  the  ghost  of  the  deceased. 

If  one  takes  a  particle  of  decayed  tissue  from  a  corpse  and  puts  it 
into  the  mouth  of  a  sleeping  person,  the  latter  will '  dry  up  and  die.' 

Chiefs'  children  were  carefully  brought  up.  They  were  instructed  in 
nil  arts.  They  were  enjoined  not  to  steal,  and  always  to  speak  the  truth. 
They  were  not  allowed  to  eat  until  late  in  the  evening,  in  order  to  make 
them  industrious.  Young  men  who  returned  &om  a  successful  hunting 
expedition  were  required  to  distnbute  their  game  among  the  whole  tribe. 
Poor  people  did  not  train  their  children  as  carefully  as  chiefs  and  rich 
people. 

'  See  the  sixth  report  of  the  Committee ;  also  Verh.  der  Gei,  fur  Anthropolofiie 
in  Berlin^  1891,  p.  550. 
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The  Slraciure  and  FtmcHon  of  the  Mammalian  Heart. — Report  of 
the  Committee^  consisting  of  Professor  E.  A.  SoHlFER  (Ghairman)^ 
Mr.  A.  F.  Stanley  Kent  (Secretary),  and  Professor  C.  S.  Sher- 
rington.    {Bravm  up  by  the  Secretary.) 

The  research  may  be  divided  into  three  parts  : — 

1.  Observations  on  the  Structure  of  the  Heart. 

2.  Experiments  on  the  Relation  between  Structure  and  Function. 

3.  Experiments  with  Aniesthetics. 

1.  Observations  on  the  Structure  of  the  Heart. — These  observations 
have  been  made  principally  on  human  hearts,  and  tend  to  show  that  the 
condition  which  I  have  described*  in  the  hearts  of  animals  lower  in  the  scale 
persists  even  in  man.  That  is  to  say,  the  auricles  and  ventricles  are 
connected  by  strands  of  muscular  tissue  passing  across  the  groove^  though^ 
as  might  be  expected  from  my  former  observations,  these  strands  are  less 
marked  in  man  than  in  the  lower  animals. 

In  man,  as  in  all  other  animals  examined,  the  muscular  connection  is 
more  perfect  in  the  young  condition,  and  the  younger  the  subject  the  more 
perfect  the  connection. 

To  go  more  into  detail,  the  ring  at  the  base  of  the  auriculo-ventricular 
valves  is  composed  of  a  dense  mass  of  white  fibrous  tissue  in  which  are 
scattered  many  connective-tissue  corpuscles,  and  this  mass  becomes  continu- 
ous with  the  connective  tissue  running  between  the  muscular  fibres  of 
auricle  and  ventricle  respectively. 

The  greatest  development  of  connective  tissue  takes  place  at  the  bases 
of  the  valves,  which  are  supported  on  specially  thickened  portions  of  the 
ring,  and  are  largely  composed  of  bundles  of  fibres  running  out  from  it. 

Bundles  of  muscular  tissue  also  occur  in  the  valves,  and  these  bundles 
are  usually  connected  directly  with  the  muscle  forming  the  walls  of  the 
auricle.  In  actual  shape  and  arrangement  the  fibrous  tissue  forming  the 
ring  differs  in  different  situations. 

At  the  posterior  aspect  of  the  left  ventricle  the  auricular  muscle  is 
completely  separated  from  that  of  the  ventricle  by  a  more  or  less  pyramidal 
mass  of  connective  tissue,  the  base  of  the  pyramid  being  directed  outwards 
and  forming  part  of  the  external  surface  of  the  heart,  the  apex  being 
directed  inwards  and  becoming  continuous  with  the  base  of  the  mitral 
valve.  The  auricular  muscle  runs  downwards  on  the  inner  aspect  of  this 
mass  of  fibrous  tissue,  and  ends  as  a  thin  sheet  just  above  the  oase  of  the 
valve.  The  ventricular  muscle  ends  as  a  much  thicker  mass  just  beneath 
the  base  of  the  valve. 

An  exhaustive  examination  has  been  made  of  the  relations  of  muscle 
and  connective  tissue  in  this  situation,  but  a  description  without  figurea 
would  be  tedious,  and  followed  only  with  difficulty.  Sufiice  it  to  say  that 
in  the  human  heart,  as  in  the  hearts  of  other  animals,  the  auricles  and 
ventriclB'^  are  connected  by  muscular  tissue,  and  their  connection  is  the 
more  perfect  the  younger  the  heart. 

2  and  3.  Experiments  on  the  RekUion  of  Structure  to  Function  and 

>  Journal  qf  Phytiohgy^  XIY.,  i  and  5. 
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Experiments  with  AncestJietics.  —It  will,  perhaps,  be  best  to  take  these  two 
sets  of  experiments  together.  Shortly  summarised,  they  have  been 
made  with  the  object  of  determining  how  the  above-described  points  of 
structure  affect  the  working  of  the  heart,  and  more  especially  what 
practical  use  can  be  made  of  the  knowledge  gained  in  these  observations. 

It  is  well  known  that  in  young  animals  it  is  exceedingly  difEcult  to 
produce  any  effect  by  means  of  chloroform — in  fact,  in  my  experiments  I 
have  often  found  it  almost  impossible  to  aniesthetise  animals  only  a  few 
days  old.  Gradually,  as  age  increases,  they  become  less  refractory,  and 
at  a  few  weeks  old  (in  the  case  of  kittens)  chloroform  produces  the  same 
effects  as  in  the  adult. 

More  than  this,  however,  in  the  newly-born  animal  it  is  almost  im- 
possible, push  the  ansesthetic  as  you  will,  to  produce  stoppage  of  the  heart, 
though  this  is  one  of  the  accidents  most  to  be  feared  in  administering 
chloroform  to  an  adult  animal.  But  even  in  the  adult,  if  the  thorax  be 
opened  and  the  heart  examined  immediately  after  death  by  chloroform 
poisoning,  it  will  be  found  that,  though  the  heart  as  a  whole  is  quiescent,  a 
portion  of  it,  the  right  auricle,  is  still  beating.  In  other  words,  it  is  not 
the  initial  stage  of  the  beat  which  is  absent ;  the  quiescence  of  the  heart 
is  rather  due  to  a  failure  in  the  transference  of  the  beat  already  initiated 
from  auricle  to  ventricle.  This  failure  occurs  only  in  the  adult  or  nearly 
adult  heart,  and  it  has  been  shown  that  it  is  precisely  in  these  adult  or 
nearly  adult  hearts  in  which  the  connecting  link  between  auricle  and 
ventricle  ia  reduced  to  a  minimum.  The  failure  of  the  heart's  action,  then, 
may  be  supposed  to  be  due  to  the  failure  of  a  strand  muscle  of  compara- 
tively small  sectional  area  to  convey  to  the  ventricle  a  wave  of  contraction 
started  in  the  auricle. 

It  occurred  to  me,  then,  that  it  might  be  possible  in  cases  of  cliloroform 
poisoning  to  so  improve  the  conducting  power  of  this  strand  of  muscle  as 
to  enable  the  waves  of  contraction  to  once  again  pass  over  the  junction 
and  cause  contractions  of  the  ventricle. 

My  experiments  upon  this  point  are  at  present  incomplete,  but  I  have 
obtained  results  which  lead  me  to  hope  that  the  research  will  not  be 
entirely  without  practical  results. 


Oil  recent  Basearclies  in  the  Infrorred  Spectrum. 
By  S.  P.  Langley,  B.0,L,,  LL.D. 

[PLATES   II.-TV.] 

[Ordered  by  the  General  Committee  to  be  printed  in  exletuo.'] 

I  PRESENTED  to  the  Association  in  1882  at  Southampton  an  account  of 
some  researches  made  by  means  of  the  bolometer  in  the  infra-red  spectrum 
formed  by  a  glass  prism  ;  but  though  these  labours  have  continued  with 
occasional  intermission  during  the  past  twelve  years,  it  is,  for  reasons 
which  will  be  explained  later,  only  within  the  past  three  years  that  any 
notable  advance  has  been  made,  and  only  within  the  past  twelvemonth 
that  such  a  measure  of  success  has  been  attained  as  justifies  the  present 
communication. 

This  is  not  the  time  to  give  any  historical  account  of  discovery  in  the 
infra-red  spectrum,  but  all  those  interested  in  the  subject  know  that  the 
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iist  inveatigator  here  was  Sir  William  Herschd,  whose  abservatious  ooii'^ 
sbted  essentiallj  in  finding  that  there  was  something  which  the  eye  could 
not  see  in  a  resion  which  he  proposed  to  call  the  '  thermometric  spectrum/ 
His  distinguiuied  son,  Sir  John,  made  a  curious  anticipation  of  later, 
discovery,  by  indicating,  though  crudely,  that  this  invisible  heat  waa 
not  uniformly  distributed,  and  a  similar  conclusion  was  reached  in  an 
entirely  different  manner,  through  the  thermopile,  by  the  too-eMrly-lost 
Melloni.  So  ignorant,  in  spite  of  these  investigations,  of  those  of  the 
elder  Draper,  and  of  the  elder  Becquerel,  were  we  till  lately,  that  when, 
quite  within  my  own  recollection  and  that  of  most  of  you,  Lamansky  in 
1871  published  from  his  observations  with  the  thermopile  a  crude  little 
illustration  showing  three  inequalities  in  the  energy  curve,  univei*sa1 
attention  was  excited  by  it  among  those  interested  in  the  subject. 

Among  other  minds,  my  own  then  received  a  stimulus  which  turned 
in  this  direction,  and  having,  as  it  seemed  to  me,  exhausted  tiie  capacitiea 
of  the  thermopile,  I  invented  an  instrument  for  continuing  the  researcli, 
which  was  afterwards  called  the  bolometer,  and  with  which  in  1881,  at  an 
altitude  of  13,000  feet  upon  Mount  Whitney,  I  found  spectral  regions 
hitherto  unreached,  and  whose  existence  had  not  been  suspected. 

I  returned  with  a  strong  impression  of  the  prospective  importance  of 
this  discovery,  and  laboured  at  the  Alleghany  Observatory  in  improving 
all  portions  of  the  new  method  of  research,  especially  of  the  bolometer  a^d 
its  adjuncts,  with  the  twofold  object  of  obtaining  greater  sensitiveness 
to  heat,  and  greater  precision  in  fixing  the  exact  point  in  Uie  spectrum 
where  the  change  of  heat  originated.  With  the  former  object  such  a 
degree  of  sensitiveness  was  at  that  time  reached,  that  the  bolometer 
indicated  a  change  of  temperature  of  TxroVtrtT  ^^  ^  degree  Centigrade,  and 
with  the  latter,  such  precision,  that  it  was  possible  to  fix  the  relative 
position  of  a  line  not  merely  with  a  possible  error  of  a  considerable 
fraction  of  a  degree,  such  as  Lamansky's  determination  is  evidently  subject 
to,  but  with  a  certainty  that  the  error  would  be  within  a  minute  of  arc. 
The  range  of  the  apparatus  in  wave-lengths  was  almost  unlimited  as  com- 
pared with  any  other  process,  and  both  its  sensitiveness  and  ite  possible  pre- 
cision seemed  to  be  at  that  time  notable  as  compared  with  previous  methods^ 
for  a  great  advance  was  made  on  anything  done  before  with  the  thermo- 
pile, when  the  presence  of  the  well-known  *D'  line  of  sodium  was  rendered 
sensible  (though  barely  sensible)  even  as  a  single  line  by  the  change  of  tem- 
perature. This  sensitiveness  was  also,  as  has  been  said,  accompanied  with 
the  possibility  of  unusual  precision.  The  results  of  this  labour  were  laid 
before  the  British  Association  in  the  communication  already  alluded  to, 
and  which  exhibited  ten  or  twelve  inflections  of  the  curve  in  the  portion  till 
then  almost  unknown,  which  extends  from  a  wave-length  of  I'*  to  a 
wave-length  of  nearly  3^,  at  which  point  the  glass  prism  then  used  became 
wholly  opaque  to  radiation.  The  positions  of  these  inflections  were  fixed 
with  a  precision  quite  impossible  to  the  thermopile,  but  this  exactness  was 
only  obtained  in  practice  by  a  process  so  slow  as  to  be  almost  prohibitory ; 
and  with  this  apparatus  I  made  in  those  earlier  years  such  a  number 
of  observations  as  I  hardly  like  to  recall,  so  disproportionate  did  the 
labour  inherent  in  this  method  seem  to  the  final  result. 

The  justification  of  this  labour  seemed  to  lie  in  the  fact  that  it  does  not 
appear  that  photography  has  ever  rendered  anything  much  below  a  wave- 
length of  V — anything  at  least  which  has  been  reproduced  for  publica- 
tion in  a  way  which  gives  confidence  that  we  are  in  touch  with  the  original; 
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The  processes  wjiich  ii^volYe  the  use  o{  phoBphorescent  nibstanoes  have 
given  fiome  indicationp  of  lixie0  considerably  b^ow  l'',  but  it  is  safe  to 
state  that  the  work  which  has  just  been  referred,  to  as  communicated  to 
this  Association  in  1882  presents  almost  the  only  indications  which  we 
haye  possessed,  eyen  up  to  the  present  time»  about  the  lower  infra-red 
solar  spectrum. 

Now  the  curye  which  W0a  given,  even  in  the  later  Alleghany  observa- 
tions, made  with  the  rock-salt  prism,  contained  but  a  dozen  inflections 
below  the  wave-length  of  I'^'d,  and  these  inflections,  with  their  correct 
prismatic  and  wave-length  positions,  represent,  I  think,  most  of  our  present 
knowledge  in  these  regions,  even  to-day. 

To  understand  the  method  by  which  there  were  attained,  but  only  at 
this  great  cost  of  labour,  results  till  then  unreached,  it  may  be  repeated 
that  the  bolometer  had  been  rendered  more  sensitive  than  the  thermopile, 
but  that  it  was  capable  of  being  pointed,  and  its  position  in  the  spectrum 
being  measured  only  by  a  tedious  process,  which  has  been  exclusively  used 
till  lately  (but  which  that  presently  to  be  described  advantageously  replaces). 
Whichever  process  is  used,  when  the  bolometer  thread  touohes  a  cold  line 
in  the  spectrum  (since  what  is  black  to  the  eye  is  cold  to  it),  a  larger 
current  flows  through  the  galvanometer,  and  the  spot  of  light  marking  the 
needle's  motion  is  deflected  through  a  certain  number  of  degrees. 

From  this  point  forward,  the  new  process,  whose  results  I  am  about  to 
have  the  pleasure  of  bringing  before  you,  differs  widely  from  the  old.  In 
the  old,  two  observers  at  least  a^  engaged  :  one,  who  notes  that  reading 
of  the  micrometer  or  of  the  vernier,  which  fixes  in  angular  measure  the 
exact  part  of  the  spectral  region  whence  (though  nothing  is  visible)  a 
thermo-electric  disturbance  1^  proceeded ;  and  another,  who  simul- 
taneously notes  through  how  many  divisions  of  the  scale  the  spot  of  light 
from  the  galvanometer  mirror  is  deflected  by  the  same  electric  disturbance. 
The  process  may  be  compared  to  a  groping  in  the  dark,  and  it  was  only  by 
these  means  that  the  considerable  inflections  of  the  energy  curve  much 
below  the  region  about  I''  were  then  fixed  by  the  bolometer,  by  being  gone 
over  again  and  again  with  what  seemed  almost  interminable  repetition, 
and  which  did  in  fact  call  for  over  a  thousand  galvanometer  readings  to 
obtain  the  position  and  amount  of  each  single  inflection  of  the  energy 
curve,  with  the  degree  of  accuracy  which  was  then  obtained,  and  which 
was  shown  in  the  former  memoir. 

If  it  took  two  years  to  ^x  the  position  of  twenty  lines  by  this  process, 
it  would  take  two  hundred  years  to  fix  two  thousand,  supposing  they 
existed,  and  it  became  evident  that  if  the  bolometer  continued  to  be  the 
only  means  available,  new  and  more  effective  methods  of  using  it  must  be 
found. 

^ew  Metliods. 

About  ten  years  ago  a  plan  was  first  studied,  which  has  ever  since  been 
maturing,  by  means  of  which  this  work  could  be  carried  on,  not  only  with 
far  greater  rapidity,  but  with  greater  certainty,  and  by  an  automatic 
process.     The  idea  in  its  original  simplicity  is  very  easily  understood. 

In  the  old  process,  just  described,  the  deflection  of  a  spot  of  light  upon 
a  scale  was  read  by  one  observer,  while  another  read  simultaneously  the 
position  in  the  spectrum  of  the  cold  band,  or  line,  which  caused  the  thermo- 
electric disturbance.  * 
.    .Now,  in  imagination,  let  us  take  away  both  the  observer  at  the  circle 

,,       np2 
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and  the  one  at  the  galvanometer,  and  in  the  latter  case  remove  the  scale 
also,  and  put  in  its  stead  a  photographically  sensitive  plate.  As  the 
needle  swings  to  the  right  or  left  the  spot  of  light  will  trace  upon  the 
plate  a  black  horizontal  line  whose  length  will  show  how  far  the  needle 
moves  and  how  great  the  heat  is  which  dtiginated  the  impulse.  If  this 
be  aU,  when  under  an  impulse  originated  by  the  movement  of  the  spectrum 
over  the  bolometer  thread  the  needle  swings  a  second  time,  it  will  go  over 
the  same  place  ;  but  if  the  plate  have  a  uniform  vertical  movement,  pro- 
portional to  the  horizontal  movement  of  the  spectrum,  the  combination  of 
the  two  motions  of  the  needle  and  the  plate  will  write  upon  the  latter  a 
sinuous  curve  which  will  be,  in  theory  at  least,  the  same  as  the  curve 
formerly  deducible,  only  with  such  pains,  from  thousands  of  such  galvano- 
meter x^eadings. 

If  we  suppose  that  the  movements  of  the  invisible  spectrum  are  con- 
trolled by  clockwork,  so  that  this  spectrum  is  caused  to  move  uniformly 
over  the  bolometer  thread,  and  that  these  movements  are,  by  accurate 
mechanism,  rendered  absolutely  synchronous  with  those  of  the  moving 
plate,  it  is  clear  that  we  shall  be  able  to  readily  deduce  from  the  photo- 
graphic curve  traced  on  the  latter  not  merely  the  amount  of  the  heat,  but 
each  particular  position  in  the  spectrum  of  the  thread  of  the  bolometer, 
which  alone  can  correspond  with  any  given  inflection  of  the  curve. 

Thus  simple  is  the  theory,  but  no  one  had  better  occasion  to  know  how 
difficult  the  practice  would  be  than  myself. 

The  researches  by  the  old  method  and  the  early  attempts  to  improve 
them  were  interrupted  by  my  acceptance,  in  1887,  of  a  position  which 
implies  the  administrative  charge  of  different  branches  of  the  public 
scientific  service,  and  of  duties  largely  incompatible  with  original  re- 
search. What  time  could  be  spar^  from  these  was,  however,  partly 
employed  in  elaborating  the  plan  of  investigation  just  referred  to.  An 
appropriation  had  been  asked  of  Government  for  the  establishment,  on  a 
modest  scale,  of  an  Astro-physical  Observatory  in  Washington,  whose  fii*st 
work  should  be  the  investigation  of  the  whole  infra-i*ed  solar  spectrum,  by 
some  means  which  would  open  that  great  region  to  knowledge.  It  had 
been  asked  of  Government,  because  it  seemed  that  such  knowledge,  if 
attained,  might  teach  us  facts  about  the  sun  and  the  absorption  of  its  rays 
by  the  terrestrial  atmosphere,  which,  there  was  ground  to  hope,  would 
ultimately  lead  to  results  of  such  importance  as  to  justify  this  national  aid. 

These  observations  were  resumed  in  1890,  on  the  new  system,  with  the 
aid  of  the  Smithsonian  Institution,  which  provided  larger  and  more 
efficient  apparatus,  whose  design  embodied  the  results  of  nearly  fifteen 
years'  study  of  these  subjects. 

Pending  the  provision  of  a  suitable  observatory  building,  an  inadequate 
and  temporary  one  was  erected  in  the  Smithsonian  Park  in  Washington, 
to  shelter  the  apparatus  presently  to  be  mentioned,  with  which  it  was 
designed  to  commence  work,  while  making  provision  for  more  permcment 
scientific  quarters — which,  I  may  add,  are  still  lacking. 

ApparcUus, 

The  Foucault  Siderostat — perhaps  the  most  powerful  instrument  of  the 
kind  existing-- was  originally  made  by  Sir  Howard  Grubb  of  Dublin,  from 
iny  indications  ;  but  its  dispositions  have  since  been  considerably  modified. 
A  beam  from  its  twenty-inch  mirror  is  conveyed  through  the  slit  of  a 
horizontal  collimating  telescope  having  a  rock-salt  objective  of  nearly  seven- 
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teen  centimetres  aperture,  and  of  ten  metres  focal  length,  to  the  prism  or 
grating.  The  prism  is  of  rock  salt,  of  corresponding  dimensions,  worked 
(by  Brashear)  with  the  precision  of,  and  presenting  all  the  external  appear- 
ance of,  one  of  flint  glass.  It  i«  mounted  on  a  massive  spectro-bolometer 
(as  the  instrument  which  supports  the  prism  or  grating  used  in  producing 
the  spectrum  is  called).  This  instrument  includes  a  large  azimuth  circle, 
over  the  centre  of  which  the  prism  is  placed  ;  and  it  also  carries  the  bolo- 
meter, which  registers  the  spectral  heat.  The  focal  length  of  the  image- 
forming  lens,  or  mirror,  is  in  this  instrument  much  greater  than  in  the 
first  one  used,  and  all  parts  of  the  apparatus  are  correspondingly  increased 
in  size  and  stability.  The  most  important  and  novel  feature  is,  however, 
the  mechanical  connection  of  the  large  azimuthal  gircle  carrying  the  prism, 
with  a  distant  photographic  plate,  susceptible  of  vertical  motion,  and  which 
latter  takes  the  place  of  the  scale  formerly  in  front  of  the  remote  galvano- 
meter, both  circle  and  plate  being  moved  by  the  same  clockwork,  which  is 
of  such  steadiness  and  precision  as  to  make  the  two  movements,  as  far  as 
g  possible,  perfectly  synchronous. 

.  To  fix  our  ideas,  let  us  suppose  that  the  slow-moving  azimuthal  circle 

I  carrying  the  prism  revolves  through  one  minute  of  arc  in  one  minute  of 

I  time,  in  which  case  the  spectrum  will  move  horizontally  across  the  vertical 

{  bolometer  thread  at  a  proportional  rate.     Now,  if  the  same  mechanism, 

.  which  causes  this  circular  motion  of  the  prism  and  of  the  spectrum  of  one 

f  minute  of  arc  in  one  minute  of  time,  causes  the  photographic  plate  to  move 

>  vertically  before  the  galvanometer  mirror  at  the  rate  of  one  centimetre  of 

space  in  one  minute  of  time  — if  there  be  no  allowance  to  make  for  changes 
of  temperature  in  the  prism  or  for  like  corrections ;  if  the  mechanician 
has  done  his  part  in  such  perfection  that  everything  works  as  it  should — 
it  obviously  follows  that,  under  such  conditions,  during  every  second  of 
this  minute  a  portion  of  the  spectrum  represented  by  the  small  quantity 
of  one  second  of  arc  will  have  glided  before  the  bolometer  thread,  and  that 
during  this  same  second  the  plate  will  have  been  lifted  automatically 
through  one-sixtieth  of  a  centimetre  of  space. 

This  is  one  relationship  of  time  and  space  in  actual  use  here,  though 
others  may  be  established  by  the  use  of  the  change-wheels  with  which  the 
apparatus  is  provided.  The  essential  thing  is  that  the  plate  shall  show 
with  great  precision,  and  even  on  simple  inspection,  not  only  the  inflections 
of  the  energy  curve  there  written  down,  but  the  exact  relative  position  in 
the  distant  spectrum  which  the  bolometer  thread  occupied  at  the  moment 
it  caused  the  disturbance.  In  the  case  assumed,  for  instance,  if  we 
suppose  that  the  record  on  the  plate  commences  with  the  part  of  the 
spectrum  whose  angular  value  is  40°,  then,  since  1  millimetre  corresponds 
to  6  seconds  of  arc,  and  so  on,  the  existence  of  an  inflection  on  the  plate  at 
\       30  cm.  3^  mm.  would  show  that  the  disturbances  originated  at  the  point 

in  the  spectrum  corresponding  to  an  angular  measure  of  40°  30^  22''*2. 
\  If  the  arm  which  carries  the  bolometer  is  n  metres  long,  and  if  the 

;     thread  of  the  bolometer  is      metres  in  diameter,  the  angular  value  of  the 

■    bolometer  thread  is At  present  the  linear  width  of  the  bolometer 

•  fan 

\  thread  is  not  very  materially  less  than  formerly,  but  it  is  used  with  a 
longer  arm,  and  its  virtual  width  is  accordingly  less.  In  present  actual 
practice  (to  use  round  figures)  the  optical  arm  carrying  the  spectrum 
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across  the  bolometer  is  5  metres  in  length  ;  and  if  the  >x>lometer  thread 
be  ^(7  of  a  millimetre  in  width,  its  angular  value  is  evidently  ^oo^ooo  of  the 
radius  of  the  circle  in  which  it  moves,  or  a  little  over  two  seconds  of  arc. 
When  the  heat  is  distributed  over  so  large  an  area,  that  part  of  it  which 
falls  on  a  thread  of  given  diameter  is  of  course  proportionately  less,  so 
that  the  greater  precision  of  measurement  demands  a  more  sensitive  con- 
struction of  the  bolometer,  as  well  as  a  more  accurate  mechanism  for 
pointing  it.  Improvements  have  accordingly  been  introduced  in  the  con- 
struction of  the  bolometer,  and  a  need  for  greater  sensitiveness  in  the 
galvanometer  has  necessarily  gone  with  them.  This  increased  sensitive- 
ness has  caused  increased  liability  in  the  latter  to  both  systematic  and 
accidental  perturbations,  and  the  elimination  of  these  has  been  found  the 
most  formidable  difficulty  of  the  whole  process.  It  has  been  effected  largely 
by  placing  the  whole  apparatus  under  constant  temperature  conditions. 

I  take  pleasure  in  acknowledging  the  advantage  I  have  found  in 
using  both  Mr.  Boys's  quartz  threads,  and  the  extremely  small  mirrors 
which  he,  I  think,  first  advocated  in  connection  with  the  well-known  form 
of  galvanometer  due  to  Lord  Kelvin.  These  and  other  collective  improve- 
ments made  in  the  bolometer  and  in  the  galvanometer  have  now  made  the 
former  sensitive  to  changes  of  temperature  in  its  strip  which  are  demon- 
strably less  than  1^^^^^^  of  a  degree  Centigrade. 

These  are  the  principal  pieces  of  apparatus,  though  I  should  mention 
that  a  method  has  been  found  by  which  the  very  large  salt  prisms  used 
can  be  preserved  in  perfect  polish  while  exposed  to  all  the  usual  casualties 
of  observation.  The  actual  prism  in  most  frequent  use  was  made  from  a 
block  of  salt  exhibited  at  the  World's  Fair  by  the  Russian  Government, 
and  presented  to  the  Smithsonian  Institution  by  its  Commissioners.  It 
is  about  18  cm.,  or  over  7  English  inches,  in  height. 

Before  entering  upon  a  description  of  the  results  obtained  I  desire 
permission  to  speak  of  the  aid  I  have  received  from  the  gentlemen  whose 
assistance  I  have  been  fortunate  in  securing.  First  to  Dr.  Hallock,  then 
to  Professor  Hutchins,  Mr.  Hubbard,  and  Mr.  C.  T.  Child,  and  lately  to 
Mr.  F.  L.  O.  Wadsworth  and  Mr.  R.  C.  Child,  the  imprint  of  the  labours 
of  the  two  latter  gentlemen  being  upon  almost  all  the  details  of  the  more 
recent  work. 

ResuLU. 

Let  us  recall  that  the  infra-red  spectrum  from  a  rock-salt  prism  such 
as  that  used  is  extremely  contracted  as  compared  with  one  from  flint  glass, 
and  still  more  contracted  as  compared  with  the  wave-length  scale.  The 
portion  of  the  spectrum  presented  by  photography  reaches  a  little  below 
the  band  whose  wave-length  is  about  I'*,  and  this  was  asserted  by  one  of 
the  most  eminent  living  authorities  on  the  subject  (Dr.  John  W.  Draper) 
when  the  writer  commenced  this  work,  fifteen  years  ago,  to  be  the  absolute 
end  of  the  heat  spectrum.  The  writer  has,  however,  since  carried  his 
investigations  by  direct  measurement  to  five  or  six  times  this  wave-length, 
and  by  indirect  measurement  much  farther  still,  though  what  is  now 
exhibited  does  not  go  beyond  a  wave-length  of  about  i'*.  The  invisible 
heat  spectrum  of  a  60°  rock-salt  prism  through  this  great  wave-length 
includes  only  somewhat  less  than  2**  of  arc,  and  the  first  of  these  degrees 
contains  the  greater  proportion  of  the  enengy. 

On  referring  to  the  illustrations  exhibited  to  the  Association  in  1882, 
ven  to  later  publications  of  results  obtained  by  rock-salt  prisms,  though 
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with  the  old  method,  it  will  be  seen  that  there  are  shown  in  the  latter 
publications  about  a  dozen  measured  inflections  of  the  energy  curve  below 
1^*5,  and  it  may  be  remembered  that  this  curve  was  obtained  only  by  two 
years'  assiduous  labour. 

We  have  now  before  us  (fig.  1,  Plate  II.)  three  energy  curves,  obtained 
by  tbe  new  method,  each  exhibiting  the  whole  infra-red  spectrum  under 
examination,  with  about  a  hundred  inflections.  These  curves  are  nearly, 
but  not  exactly,  similar. 

The  three  were  obtained  on. the  same  day,  each  from  an  entirely  inde- 
pendent observation,  so  that  each  has  given  in  a  fraction  of  a  day  many 
times  the  results  previously  obtained  by  two  years  of  labour,  and,  as  it  will 
be  later  shown,  has  given  these  results  with  a  notable  gain  of  accuracy. 

But  this  is  not  aU.  These  three  curves  have  been  taken  with  a  rapid 
movement  of  the  clockwork  and  a  brief  swing  of  the  galvanometer,  so  as 
intentionally  to  suppress  all  minor  inflections  and  to  introduce  only  the 
leading  features  of  tbe  spectrum,  as  shown  in  eighty  or  a  hundred  of  the 
leading  inflections  (lines)  or  groups. 

This  new  bolometric  method  has,  however,  as  will  be  shown  later,  a 
capacity  of  resolving  these  into  nearly  twenty  times  that  number,  the 
minor  inflections  having  been  thus  designedly  suppressed  here,  to  better 
«how  the  character  and  position  of  the  principal  ones.  All  these  energy 
spectra,  by  the  new  as  by  the  old  method,  are,  of  course,  subject  to  the 
slight  changes  due  to  invisible  clouds  constantly  passing  before  the  sun, 
which,  with  tbe  change  of  the  sun's  altitude,  and  of  the  consequent 
lengthening  path  of  its  rays,  prevent  any  one  of  them  from  being  exactly 
like  the  other  ;  while,  at  the  same  time,  everyone  here  may  satisfy  him- 
self, by  direct  inspection  of  the  results  before  him,  that  there  ia  scarcely 
any  single  one  of  their  inflections  which  is  not  reproduced  in  the  other 
two,  in  exactly  the  same  place,  though  probably  not  exactly  in  the  same 
degree ;  and  when  we  take  different .  spectral  traces,  made  at  different 
hours  of  the  day,  and  even  on  different  days  of  the  month — traces  which 
are  absolutely  independent  of  each  other— and  superpose  them,  experi- 
ence shows  that  we  may  expect  to  see  such  an  agreement  as  that  in  the 
three  here  chosen  at  random  for  illustration,  or  in  the  more  detailed  one, 
where  the  relative  probable  error  is  less  than  one  second  of  arc.  Three  such 
traces  only  are  here  given  (to  prevent  confusion),  but  if  we  follow  these 
coincidences  through  not  three,  but  ten  or  more  plates,  we  may  well  judge 
^since  there  seems  no  possibility  here  of  systematic  error)  that  a  result 
which  all  confirm  is  reliable,  and  that,  on  the  other  hand,  a  single  inflec- 
tion on  one  plate,  which  the  other  nine  unite  in  repudiating,  is  due  to 
some  fortuitous  cause. 

But  there  is  still  a  higher  certainty  to  be  obtained,  by  a  method 
independent  even  of  comparison  or  the  exercise  of  judgment.  It  is 
founded  on  the  well-known  process  of  composite-photography,  where, 
in  photographing  the  successive  members  of  an  assemblage  of  persons, 
having  similar  general  characteristics — as  of  race,  character,  or  educa- 
tion, Uie  individual  disappears  and  the  normal  type  alone  remains.  In 
order  to  apply  this  method  to  such  results  as  ours,  however,  another 
step  in  the  process  must  be  introduced,  and  this  is  an  interesting  one,  for 
the  energy  curve  itself,  however  valuable,  is  a  comparatively  unfamiliar 
method  of  showing  variations  in  the  energy,  which  we  are  all  alike  used 
to  seeing  in  the  visible  spectrum,  given  by  linear  representations,  and  not 
by  a  system  of  inflections.  .  .  . 
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In  describing  this  new  step  which  is  to  give  us  a  linear  spectrum,  in 
addition  to  the  original  curve,  it  will  be  desirable  to  also  give  evidence  of 
the  statement  now  made,  that  the  present  method  is  capable  of  recording 
far  minuter  inflections  than  those  shown  in  the  curves  exhibited  (Plate  II), 
which,  as  has  just  been  stated,  have  been  taken  only  for  the  purpose  of 
illustrating  such  more  important  features  as  can  be  seen  and  verified  by 
the  audience,  and  especially  for  showing  the  agreement  of  indeperdent 
observations.  The  evidence  of  the  capacity  of  the  apparatus  to  show  this 
detail  will  best  be  illustrated  by  applying  our  purely  thermometric  method 

Fig.  2. 


to  some  well-known  lines  in  the  visible  spectrum,  such  as  the  feimiliar 
'  D  *  lines  of  sodium.  I  have  already  stated  that  ten  years  ago  the  bolo- 
meter was  barely  able  to  distinguish  this  as  a  single  line.  At  the  present 
time  our  little  thermometer,  as  you  see  (fig.  2),  now  shows  not  only  the  two 
*  D*s '  as  separate  lines,  but  the  nickel  line  between  them.  First  we  have 
the  complex  energy  curve,  where  we  see  successively  the  inflections  due 
to  the  motions  of  the  galvanometer  caused  by  the  cold  in  D,,  then  to  the 
smaller  chill  from  the  nickel  line  (aided,  perhaps,  by  that  from  some  of 
the  close  atmospheric  lines),  then  the  chill  from  D.j. 


Digitized  by  VjOOQIC 


J 


f     I 

r    ' 
t 


Digitized  by  VjOOQIC 


Digitized  by 


Gi)ogle 


ON  RECENT  RESEARCHES  IN  THE  INFRA-RED  SPECTRUM.  473 

Immediately  below  this  curve  is  the  more  familiar  linear  represeiita^ 
tion  of  the  same  subjects  Now  this  linear  representation,  it  is  most 
important  to  observe,  has  been  obtained,  not  by  drawing,  but  by  the 
subsequent  application  to  the  curve  of  an  automatic  process,  by  means  of 
which  its  indications  are  reproduced  by  photogravure,  as  separate  lines  ; 
while,  by  the  same  automatic  process,  the  most  complex  spectral  cunes 
can  be  rendered  into  their  linear  equivalents. 

I  have  no  space  to  enter  here  on  a  description  of  this  process,  further 
than  to  say  it  is  effected  by  means  of  a  systematically  distorted  image  of 
the  curve,  obtained  by  a  special  combination  of  spherical  and  cylindric 
lenses.  You  will  see,  on  minute  inspection,  that  the  inflections  of  the 
galvanometer  curve  have  been  slightly  *  loaded,'  to  produce  a  more  effec- 
tive contrast  of  light  and  dark.  Except  for  this,  which  can  in  no  way 
affect  the  position  of  a  line,  but  only  its  intensity,  the  whole  process  is  as 
absolutely  automatic  as  any  photograph  of  the  visible  spectrum. 

This  thermograph  of  the  'D'  lines  has  been  chosen  to  indicate  the 
grasp  of  this  new  thermometric  method,  by  applying  it  to  vhe  test  of  an 
object  in  the  visible  spectrum  with  which  every  physicist  is  doubtless 
familiar.  He  may  then  be  invited  to  recall  that  Uie  dutance  between  the 
^  D's '  in  a  rock-salt  sixty-degree  prism  is  about  eleven  seconds  of  arc,  and 
to  observe  that  two  lines,  about  half  this  distance  apart,  are  here  shown 
as  sharply  divided  by  this  thermal  method  as,  for  instance,  are  the  con>- 
ponents  of  the  double  star  a  Geminorum  by  a  3-inch  achromatic. 
Obviously,  then,  our  method  could  indicate  the  existence  of  two  lines, 
little,  if  any,  more  than  one-quarter  the  distance  between  the  *  D's.' 
Lines  8''  or  less  apart  can,  then,  evidently,  be  indicated  by  this  method, 
even  in  its  present  state  of  development. 

And  now,  returning  to  what  has  been  said  about  the  evidence  obtain- 
able as  to  the  perfect  coincidence  of  these  inflections  in  different  energy 
curves  obtained  at  different  times,  and  to  the  consequent  evidence  that 
csach  inflection  so  given  is  real,  and  not  the  product  of  an  accidental 
variation  in  the  curve,  we  may  conceive  that  from  any  number  of  such 
independent  curves  any  number  of  such  linear  representations  of  the 
spectra  have  been  obtained  ;  for  example,  that  ten  such  linear  representa- 
tions of  the  whole  spectrum  as  are  here  given  of  the  *  D '  lines  only,  have 
been  so  found  from  ten  complete  energy  curves  taken  on  as  many  differenii 
days.  From  these  ten  linear  representations,  by  the  well-known  pro- 
cesses of  composite  photography,  one  final  photograph  of  the  spectrum  is 
formed,  and  on  this  it  is  evident  we  may  expect  to  find  only  what  is 
permanent  and  not  what  is  accidental,  granting  that  a  rare  accident  may 
have  introduced  an  occasional  abnormal  deflection. 

Now  considering  that  the  part  of  the  infra-red  solar  spectrum  of  rock- 
salt  under  review  extends  through  nearly  two  degrees,  or  7,200  seconds, 
and  that  we  have  just  seen  by  the  illustration  of  the  ^  D '  lines  (fig.  2) 
that  lines  3"  apart  can  be  thus  indicated,  we  may  see  for  ourselves  that  at 
any  rate  over  2,000  lines,  if  they  exist,  can  be  mapped.  But  these  lines 
do  exist,  the  whole  of  this  new  region  being  apparently  as  intimately 
filled  by  them  as  the  visible  spectrum  by  the  Fraunhofer  lines.  In  further 
evidence  of  this  I  now  show  a  portion  of  the  lower  spectrum  ^fig.  3, 
Plate  III.)  ^  in  the  comparatively  unknown  part  extending  from  X= l'*-^  to 
A=2'*'2,  including  the  great  band  O  shown  as  a  single  inflection  in  my  first 

*  This  figure,  exhibited  here  only  in  illustration,  is  not  to  be  treated  as  a  criterion 
of  the  final  results  to  be  attained  by  the  composite  process. 
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communication  to  this  Association,  but  here  resolved  into  thirty  or  more 
subordinate  lines.  This  illustration  includes  a  part  of  the  new  region 
discovered  on  Mount  Whitney  in  1881,  and  in  the  small  portion  here 
exhibited  it  may  be  seen  that  about  200  lines  are  discriminated. 

I  am  now  trying  to  brinff  what  may  be  called  the  first  stage  of  the 
long  labour,  a  portion  of  which  is  here  described,  to  a  close,  this  first 
stage  consisting  chiefly  in  the  discovery  of  and  mapping  the  relative  posi- 
tions of  new  spectral  lines. 

I  will  only  refer  to  what  it  seems  to  me  the  second  part  of  this  work 
is  likely  to  be,  and  to  the  different  kind  of  interest  which  may  not 
improbably  belong  to  it,  from  that  which  belongs  to  this  the  first. 

We  are  thus  far  in  the  position  of  early  students  of  the  visible 
spectrum,  who  simply  drew  the  lines  they  saw  without  inquiring  into 
their  meaning.  Nevertheless,  to  have  discovered  and  mapped  a  great 
number  of  these  lines  is  only  a  beginning,  for  their  real  value  lies  in  their 
interpretation,  and  this  is  still  chiefly  to  come.  As  to  the  possible 
importance  of  this  interpretation,  it  is  not  enough  to  remind  ourselves 
that  three-quarters  of  the  whole  energy  of  the  sun  exists  here  and  not  in 
the  upper  spectrum.  We  must  remember  also  that  while,  as  a  rule,  in  the 
upper  and  visible  spectrum  a  great  proportion  of  l^e  lines  are  caused  by 
absorption  in  the  solar  atmosphere,  and  a  perhaps  smaller  portion  by 
telluric  absorption  ;  here,  on  the  contrary,  we  are  led  by  everything  we 
already  know  to  expect  that  the  great  telluric  absorptions  on  which 
meteorological  predictions  and  other  immediately  practical  interests 
depend  may  be  expected  to  be  found,  and  it  is  on  the  comparison  of 
these  energy  curves  taken  at  different  periods  of  the  year  and  at  different 
altitudes  of  the  sun,  that  those  who  are  engaged  in  the  work  see  good 
cause  to  hope  for  important  results  in  the  future. 

Before  I  conclude  let  me  present  a  collective  view  of  (fig.  4,  Plate  IV.) 
the  field  in  which  work  has  been  going  on  in  these  later  years  at  the 
Smithsonian  Observatory  on  the  same  scale  with  the  viEdble  spectrum ; 
I  say  '  on  the  same  scale,'  meaning  not  on  a  wave-length  scale  which 
expands  the  invisible  at  the  expense  of  the  visible,  and  not  on  a^  prismatic 
scale  alone  which  expands  the  visible  at  the  expense  of  the  invisible,  nor 
even  on  such  a  logarithmic  one  as  that  proposed  by  Lord  Bayleigh,  but  on 
a  conventional  scale,  which  I  will  ask  you  to  tolerate,  as  it  is  simply 
meant  to  show  the  actual  extent  and  importance  of  the  region  .covered 
here,  as  compared  with  that  known  to  Newton.  In  this  illustrati<3ai,  with 
which  I  close  my  remarks,  the  mean  dispersion  throughout  the  invisible 
rock-salt  spectrum,  as  far  as  4^*  is  taken  as  the  stand^ard,  and  both  sji^tra 
are  laid  out  on  that  common  scale.  On  the  left  is  the  visible  speckrum 
known  to  Newton  :  next  this  is  the  region  known  through  photograbhy, 
now  extending  a  little  beyond  the  band  per  which  marks  what,  at  the  iime 
these  researches  were  commenced,  was  considered  by  the  then  .  uost 
distinguished  investigator  in  the  infra-red,  the  end  of  Uie  heat  spectnrum. 
Beyond,  and  on  the  right,  is  a  part  of  the  new  regions  of  the  spect  rum 
developed  by  the  bolometer,  and  of  which  charts  may  be  shortly  expcicted 
on  the  scale  of  which  a  specimen  in  detail  has  just  been  shown. 

I  cannot  close  this  statement  without  expressing  the  gratification  i^ith 
which  I  have  laid  it  before  the  same  body  that  listened  to  that  madp  on 
the  same  subject  twelve  years  ago^  or  my  sense  of  my  good  fortunhe  in 
doing  so  before  an  audience  in  which  I  recognise  many  of  the  .«ime 
eminent  men  who  so  kindly  received  that  first  presentation  of  fthese 
researches.  Digitized  by  CiOOQld 
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0)1  the  Formation  of  Soap-hubbies  by  the  Contact  of  AlkaUne  Oleates 
mth  Waters    By  Professor  G.  Quincke,  F.R.8. 

[Ordered  by  the  General  Committee  to  be  printed  in  emtetUQ.J 

Some  years  ago  I  showed  that  soap-solntion  could  be  spread  out  on 
the  common  surface  of  oil  and  water  or  of  oleic  acid  and  water.  The 
surface  tension  is  diminished  bj  this  spreading  more  than  80  per  cent. 
The  spreading  forms  vortices  in  both  liquids,  and  attracts  all  matter  to  the 
centre  of  spreading.  If  the  soap-solution  is  formed  by  the  oleic  acid  in 
contact  with  water  containing  potassium,  sodium,  or  ammonia  on  the  sur- 
face of  a  drop  of  oil,  suspended  in  water  of  the  same  density,  near  the 
wall  of  the  glass  vessel  or  near  viscous  substances,  the  drop  of  oil  is 
attracted  by  the  wall  or  the  viscous  matter.  The  formation  and  the  spread- 
ing out  of  soap-solution  may  be  periodical  and  the  movement  periodical.  If 
the  period  is  very  short  the  movement  is  apparently  continuous.  Oil- 
bubbles  filled  with  water  or  small  bodies  covered  with  very  thin  films  of 
oil  are  displaced  in  the  same  manner  as  oil  spheres  by  the  spreading  of 
soap-solution. 

I  think  that  this  new  principle  of  movement  will  also  explain  a  great 
many  phenomena  in  organic  nature,  and  I  have  tried  also  to  explain  by 
this  new  principle  the  spontaneous  formation  of  emulsion  or  foam  by  the 
contact  of  oil  (with  oleic  acid)  and  alkaline  water,  the  foam-structure  and 
the  motion  of  the  protoplasm  in  the  cells  of  the  plants. 

Very  thin  films  of  ou  are  sufficient  to  show  this  motion  by  periodical 
spreading  of  the  solution  of  very  small  quantities  of  soap,  so  thin  and  so 
small  that  they  cannot  be  seen  with  the  microscope  or  recognised  in  any 
other  way. 

Recently  I  have  studied  the  phenomena  by  the  contact  of  the  oleates 
of  potassium,  sodium,  and  ammonia  with  water.  The  neutral  oleates  are 
dissolved  by  water,  and  form  a  viscous  liquid.  With  more  water  an  acid 
salt  is  formed  and  the  alkali  is  dissolved  in  the  water.  These  acid  salts  or 
acid  soaps  are  not  soluble  in  water,  or  only  slightly  soluble  in  water.  By 
longer  contact  with  water  they  are  dissociated,  and  form  again  liquid 
oleic  acid  and  neutral  oleates  or  soap-solutions. 

When  small  quantities  of  neutral  oleates  are  placed  in  contact  with 
water  between  the  cover-glass  and  the  slide,  and  are  examined  by  a  micro- 
scope with  polarised  lights  they  are  found  to  be  covered  with  thin  films 
of  oleic  acid.  This  film  dissolves  oleate  and  water,  and  the  diffusion  of 
both  substances  will  bring  water  to  the  soap  inside  the  oil-film  of  oleic 
acid,  and  oleate  to  the  water  outside  the  oil-^m.  The  volume  of  the  soap 
inside  the  oil-film  is  increased,  the  soap-solution  formed  on  the  common 
surface  of  oil  and  water  is  spread  out^  and  now  the  vortices,  excited  by  the 
spreading,  attract  the  matter,  the  soap,  and  the  liquid.  In  this  way  are 
produced  very  curious  forms  called  myelineby  Virchow,  who  first  observed 
them  in  putrefied  brain.  These  myeline  forms — crystals  of  soap  (with 
water  of  crystallisation,  covered  with  the  thin  oil-films  and  showing  a 
smooth  surface) — are  doubly  refractive. 

The  *  liquid  crystals '  ol»erved  by  Professor  Lehmann,  of  Karlsruhe,  in 
fused  benzoylcholesterine  and  fused  azoxyanisol  are  also  doubly  refracting 
crystals,  covered  with  a  thin  film  of  oily  matter  formed  in  the  liquid  by 
the  fusion.  , ,  j 
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When  more  water  diffuses  through  the  oil-film  to  the  soap  inside  there 
is  formed  a  viscous  liquid,  a  solution  of  the  oleate  in  a  jacket  of  oleic  acid. 
The  movement  of  the  water  and  the  periodical  spreading  of  soap-solution 
will  form  long  filaments  or  cylinders  of  viscous  matter  covered  with  an 
oil-film.  The  oil-film  contracts  and  forms  bubbleis  in  the  middle  and  the 
ends  of  the  oil-filament.  By  the  spreading  of  soap  solution  the  bubbles 
wander  along  the  oil  cylinders  with  different  velocities  an(l  in  different 
'  directions.  After  some  time  the  oil  cylinders  are  deformed  and  become 
strings  of  beads  of  oleic  acid  and  thin  oil-films.  The  thin  oil-films  form 
foam  or  bubbles  filled  with  water  or  weak  solution  of  soap. 

In  the  oil-film  are  distributed  lenses  or  spheres  of  oil  filled  with  strong 
or  weak  soap-solution.  Some  methylene-blue  dissolved  in  the  water  is 
collected  or  stored  up  in  the  oleic  acid,  so  that  the  coloured  oil  and  the 
water  may  be  very  easily  distinguished. 

The  spheres  of  oleic  acid  coloured  with  methylene-blue  are  arranged  on 
the  edges  of  the  fihns  of  the  bubbles  or  spherical  films  of  the  foam,  and  the 
appearance  is  similar  to  the  appearance  presented  by  the  stars  of  the 
Milky  Way.  The  formation  of  chains  of  stars,  as  observed  by  Professor 
Max  Wolf,  and  the  spiral  nebula  in  Perseus  in  the  excellent  photographs 
of  Dr.  Boberts,  are  similar  in  appearance  to  the  phenomena  observed  by 
me  in  these  microscopical  oil-films  and  bubbles. 

Fifty  years  ago  Plateau  pointed  to  the  analogy  of  the  rotation  of  the 
sun  and  the  planets  with  the  rotation  of  oil-spheres  suspended  in  a  mixture 
of  alcohol  and  water  of  the  same  density.  Now  we  have  a  new  analogy 
between  the  arrangement  of  matter  of  the  universe  by  forces  acting  at 
very  great  or  very  small  distances.  From  the  standpoint  of  our  modern 
physics,  with  the  Newtonian  law  of  gravitation  and  the  law  of  action  of 
molecular  forces,  these  analogies  may  appear  to  be  somewhat  arbitrary.  But 
we  must  be  able  to  pass  from  definite  distances  to  infinitely  great  or  to  infi- 
nitely small  distances  of  the  acting  masses,  and  we  can  conceive  that  it 
may  be  possible  that  the  difference  between  the  law  of  gravitation  and  the 
law  of  the  molecular  forces  may  disappear,  and  that  we  may  have  the 
same  law  for  small  and  great  distances  ;  so  that  the  distribution  of  matter 
may  be  accounted  for  by  the  same  forces,  when  the  masses  and  the 
distances  of  the  masses  are  increased  in  the  same  proportion,  a  million  or 
a  billion  times. 

The  work  of  future  generations  will  decide  whether  researches  on  the 
microscopical  oil-foam  or  on  the  stars  of  the  universe  will  give  the  solution 
of  this  problem. 


On  tlie  Di&placements  of  the  Botational  Axis  of  the  Earth.    By  Professor 
W.  FOrsteb,  Director  of  the  Royal  Observatory  of  Berlin. 

[Ordered  by  the  General  Committee  to  be  printed  in  extenso.'] 

Displacements  of  the  rotational  axis  of  the  earth  with  reference  to  fixed 
directions  in  space  have  been  observed  since  the  earliest  ages  of  astro- 
nomical measurement ;  for  such  displacements,  visible  in  wanderings  of 
the  pole  of  the  apparent  diurnal  rotation  of  the  celestial  sphere  among  the 
constellations  of  fixed  stars,  exist  in  such  enormous  amplitudes,  that  in 
their  main  features  they  could  be  detected  by  the  aid  of  very  simple 
apparatus  and  observations. 
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The  true  lav  and  explanation  of  these  wanderings  of  the  pole  remained, 
nevertheless,  a  deep  mystery  till  Copernicus  lifted  the  veil  by  showing 
that  they  were  only  the  celestial  image  of  real  displacements  of  the 
rotational  axis  of  the  earth  in  space,  and  until  Newton  came  and,  com- 
bining his  discovery  of  universal  gravitation  with  his  deduction  of  the 
ellipsoidal  figure  of  the  earth,  proved  that  these  displacements  are  due  to 
the  actions  of  the  moon  and  the  sun  on  the  earth. 

The  mathematicians  of  the  eighteenth  century  completed  this  explana-  • 
tion  by  profound  researches  embracing  the  full  theory  of  free  rotation  of  a 
solid  system  of  masses,  under  the  action  of  various  disturbing  influences, 
not  only  those  acting  from  outwards  on  the  rotating  body  (as  in  the  case 
of  the  sun's  and  the  moon's  attractions  on  the  earth),  but  also  those 
depending  upon  the  condition  or  changes  within  the  rotating  system 
itself. 

Among  severa]  interesting  results,  these  investigations  pointed  out  an 
essential  £fference  between  the  development  of  the  disturbed  rotation  in 
the  first  and  in  the  second  case. 

Upon  the  supposition,  corresponding  to  the  real  terrestrial  conditions 
of  the  problem,  namely,  that  all  the  disturbing  influences  are  relatively 
small  in  comparison  with  the  amount  of  energy  represented  by  the  primary 
rotation  of  the  earth  itself,  the  following  distinctions  were  demonstrated. 

Exterior  disturbing  influences  will  mainly  produce  displacements  of 
the  axis  in  space,  and  corresponding  wanderings  of  the  pole  among  the 
stars  ;  whilst  the  simultaneous  displacements  of  the  axis  in  the  earth  itself, 
in  consequence  of  the  particular  conditions  of  their  evolution,  remain 
insensible. 

On  the  contrary,  interior  conditions  and  disturbing  influences,  as  those 
contained  in  the  configurations  of  the  masses,  or  in  changes  of  the  dis- 
tribution of  the  masses  composing  the  rotating  system,  will  mainly  produce 
displacements  of  the  rotational  axis  in  the  rotating  body  itself,  whilst  in 
this  case  the  simultaneous  displacements  of  this  axis  in  space  and  the 
corresponding  variations  of  the  position  of  the  pole  among  the  stars  remain 
insensible. 

Very  soon  after  these  deductions  had  been  made  from  theory,  astro- 
nomers began  to  inquire  if  also  effects  of  the  latter  type — that  is  to  say, 
displacements  of  the  rotational  axis  in  the  earth — really  existed. 

According  to  theoiy,  such  displacements  ought  even  to  exist  when  the 
distribution  of  the  masses  composing  the  earth  is  not  in  the  slightest 
degree  variable. 

It  is  sufficient  for  producing  such  displacements  that  the  position  of 
the  rotational  axis  of  the  earth  is  actually  not  in  perfect  coincidence  with 
one  of  its  principal  axes  of  inertia,. known  as  the  principal  axis. 

The  slightest  deviation  of  the  rotational  axis  from  the  principal  axis 
has  the  consequence  that  the  pole  of  the  rotational  axis  begins  and  con- 
tinues to  describe  a  small  circle  around  the  pole  of  the  principal  axis. 

The  velocity  of  this  movement  depends  upon  the  law  of  the  figure  and 
of  the  distribution  of  the  masses  composing  the  earth,  and  the  best 
numerical  data  for  this  dependence  had  given  the  result  that  the  dis- 
placement in  question  would  probably  have  a  period  of  nearly  ten  months. 

Now  all  such  displacements,  possibly  measurable  with  reference  to 
fixed  directions  in  the  earth,  and  insensible  with  reference  to  fixed  direc- 
tions in  space,  could  be  found  in  the  most  favourable  way  by  measuring 
as  exactly  and  continuously  as  possible  the  distance  of  the  pole  from  the 
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zeai^  of  the  observer's  station ;  in  other  words,  by  repeated  detenmnations 
of  geographical  latitudes.  Bat,  notwithstaiuling  very  long  and  r^ned 
deterimnations  of  the  geographical  latitudlvs  at  some  of  the  principal 
observaitories,  beginning  shortly  before  the  middle  of  the  present  centoryy 
only  very  uncertain  and  discordant  traces  <^  the  phenomena  in  question 
were  fonnd. 

The  reason  for  this  want  of  sncoess  is  now  very  clear*  Astoonomers 
had  limited  their  researches  too  narrowly  to  the  last-mentioned  type — 
namely,  to  the  supposed  regular  ten-monthly  periodical  movement  of  tho 
pole  of  the  rotational  aixis  around  the  pole  of  the  principal  axii.  Too 
easily  it  had  been  admitted  that  all  the  existing  variations  of  the  distri- 
bution of  tetrestrial  masses  were  far  too  axudl  for  altering  sensibly  the 
position  of  this  principal  axis  itself. 

It  was  Lord  Kelvin,  at  the  Glasgow  meeting  of  the  British  Association 
(1876),  who  first  drew  the  attention  of  the  scientific  world  to  the  con- 
sideration of  the  great  natural  transports  of  masses  of  air  and  water,  and 
of  various  masses  by  the  water,  going  on  continuously  and  periodically  in 
the  form  of  currents  and  circulations  of  difierent  kinds,  as  well  in  the 
atmosphere  as  in  oceans  and  rivers,  and  the  effects  of  the  enormous 
periodical  deposits  of  snow  and  ioe.  fle  showed  that  these  very  consider- 
able variations  of  the  distribution  of  masses  on  the  eftrth  could  not  only 
produce  sensible  displacements  of  the  principal  axis  of  inertia,  but  that 
such  displacements  of  this  axis  could  have  an  amplifying  effect  on  the 
total  amount  of  displacements  of  the  rotational  axis. 

For  if  the  principal  axis  were  itself  not  in  a  constant  position,  the 
theoretically  requirea  movement  of  the  rotational  axis  aroimd  the  principal 
axis  would  become  a  very  complicated  movement,  differing  entirely  from 
the  simple  form  which  to  that  time  had  appeared  in  the  researches  of 
astronomers. 

This  epicyclic  character  of  the  movement  of  the  pole  of  the  rotational 
axis  could  considerably  modify  not  only  the  length  of  l^e  period,  but  also 
the  whole  geometrical  character  and  amplitude  of  the  curve,  in  such  a  way 
that  in  longer  periods  epochs  of  very  small  variations  of  latitude  could 
alternate  with  epochs  of  considerably  increased  variaticms  of  latitude. 
Possibly,  as  a  further  consequence  of  this  oomplicationof  Uie  displacements 
of  the  two  axes,  and  as  a  consequence  of  the  still  existing  plastic  state  of 
certain  parts  of  the  earth,  as  well  as  by  the  damping  effects  of  the  fluid 
parts,  even  progreaaive—thoagh  veity  slow  and  unsteady  progressive — 
displacements  of  the  rotational  axis  in  the  earth  could  still  result. 

The  field  of  this  research  was  thus  decisively  cleared  by  Lord  Kelvin ; 
and  finally,  about  four  years  ago,  by  the  co-operation  of  some  Observatories 
with  the  International  (Geodetic  Union,  clear  evidence  was  obtained,  and 
in  the  last  three  years,  with  the  aid  of  an  expedition  sent  by  the  Inter- 
national Union  to  Honolulu,  decisive  proofs  of  such  displacements  have 
been  found.  I  consider  it  a  special  honour  and  pleasure  to  be  enabled  to 
submit  some  of  the  newest  results  of  this  international  co-operation  to  a 
meeting  of  the  same  Association  which,  twenty  years  ago,  had  been  witness 
of  the  almost  prophetic  assertions  of  one  of  ite'most  illustrious  members 
regarding  the  real  conditions  of  this  important  phenomenon. 

I  have  prepared  a  diagram  showing  these  newest  results.-  In  thi.<^ 
diagram  is  given  a  representation  of  the  wanderings  of  the  poie  of  the 
rotational  axis  of  the  earth  on  its  surface  during  the  last  twenty  months, 
from  October  20,  1892,  to  May  1,  1894.      .       . 
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This  sketch  is  founded  on  nearly  6,000  singkr  detenulti&^ints  of  latitude 
made  in  the  Observatory  of  Kasan  (Eastern  Rnasia);  Btrassbnrg,  Elsass 
(41''  21'  west  of  Kasan),  and  Bethlehem,  Pennsyhunia  (124""  90'  west  of 
Kasan).  The  obserrations  are  condensed  in*  twenty  Monthly  mem  results,* 
numbered  from  zero  to  19.  Every  one  of  these  resulting  monthly  positions; 
of  the  pole  indicated  by  the  centres  of  the  small  circles  is  thus  the 
mean  result  of  about  300  single  determinations. 


Figure  shoving  movement  of  the  North  Pole  of  the  rotational  oxJh  o£  tho  earth. 
Deriyed  from  obflerrationi  made  at  Bethletaiem,  Stranhurg,  and  Kamn  >>- 
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1=   „    Nov.l. 
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183=1893  Nor.  L 
14=  ^  Deo.l, 
16  » 1894  Jan.  1. 


19=1894  l&yl. 


The  figure  is  drawn  on  the  scale  of  two  millimetres  to  one-hundredth 
of  a  second  of  arc,  and  the  maximum  amplitude  of  the  curve  ia  nearly 


fifty-hundredths,  or  half  a  second.    The  amplitude  of  these  movements  of 
the  pole  on  the  surface  of  the  earth  is  between  40  and  50  fioet. 

The  general  chajracter  of  the  moven^ent  is  quite  in  accordance  with 
what  has  been  .mentioned  cpncem]njg;it8,  co;|^^<iJ^tedi  and  somewhat  spiral 
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character.  The  sense  of  the  motion  is  from  west  to  east.  The  velocity  ik 
apparently  very  variable,  and  it  seems  as  if  we  are  now  approaching  an 
epoch  in  which  the  amplitude  is  considerably  diminishing.  It  is  also 
evident  that  such  a  character  of  movement  can  very  easily  produce  slow 
progressive  motions,  and  for  this  reason  the  whole  phenomenon  wants  to 
be  watched  incessantly  and  very  carefully. 

The  astronomers  and  geodetists  who  are  now  associated  in  the  Inter- 
national Geodetic  Union  have  invited  geologists  to  associate  with  them 
in  this  common  research.  Such  an  international  organisation  will  be  also 
useful  and  almost  indispensable  for  a  great  part  of  the  work  of  astronomical 
observatories. 

It  is  to  be  hoped  that  Great  Britain  will  now  participate  in  this 
International  Union,  embracing  all  other  civilised  nations.  Such  organisa- 
tions, with  their  clear  and  reasonably  limited  aims,  involve  not  only  real 
economies  and  refinements  of  mental  work,  combined  with  diminutions  of 
material  expenses,  but  it  is  hoped  that  they  will  also  have  great  importance 
as  slowly  growing  foundations  of  human  and  terrestrial  solidarity. 


A  Lecture-room  Experiment  to  illustrate  FresneVs  Diffraction  Theorif 
andj  Bahinefs  Bririciple.    By  Professor  A.  OORNU,  F.R.8. 

[Ordered  by  the  General  Committee  to  be  printed  in  «a;^en«o.] 

The  diffraction  fringes  bordering  the  shadow  of  an  object  illumined  by  a 
point  of  light  present  us  with  one  of  the  most  striking  phenomena  in 
optics. 

Dr.  Thomas  Young  was  the  first  to  connect  these  fringes  with  the 
wave  theory.  According  to  him  they  were  due  to  the  interference  of 
the  direct  wave  with  the  wave  tangentially  reflected  at  the  surface  of  the 
body  screening  the  light. 

Fresnel,  following  the  way  opened  by  Young,  proved,  however,  by  a 
very  simple  experiment^  namely,  by  the  identity  of  the  fringes  produced 
by  the  edge  and  by  the  back  of  a  razor,  that  the  reflected  light  has  no 
appreciable  influence  on  the  production  of  these  fringes.  He  proved  that 
the  phenomenon  is  exclusivelv  due  to  the  mutual  interference  of  all  the 
vibrations  proceeding  from  the  whole  of  the  wave  not  intercepted  by 
the  object. 

A  mathematical  investigation,  and  even  a  superficial  analysis,  shows 
that  the  resulting  vibratory  motion  producing  the  fringes  is  equivalent  to 
the  vibration  which  would  be  caused  by  a  permanent  wave  fixed  at  the 
<Klge  of  the  body  screening  the  light,  provided  that  the  acting  part  of  this 
wave  is  reduced  to  a  small  breadth  variable  according  to  the  obliquity  of 
the  rays.  Consequently,  everything  happens  as  if  the  source  of  light 
wQre  taken  away,  and  the  body  were  surrounded'  by.  a  true  luminous 
source  forming  a  sort  of  border  round  its  apparent  contour.  This  result, 
proved  for  a  single  luminous  point,  is  immediately  extended  to  a  circular 
source  of  light  of  any  diameter  considered  as  composed  of  points  acting 
Independently. 

This  optical  equivalence  is  not  only  a  symbolic  or  geometrical  result^ 
but  a  real  physical  fact,  and  the  experiment,  which  I  propose  to  show, 
gives  the  most  striking  evidence  of  the  reality  of  this  source  of  light. 
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To  show  the  acting  part  of  the  wave  surrounding  the  screening  body 
three  conditions  are  required  : — 

1.  The  plane  of  distinct  vision  must  be  made  to  coincide  Mrith  the 
edge  of  the  diffracting  body. 

2.  The  greatest  portion  of  the  diffracted  rays  must  be  preserved  for 
producing  the  phenomenon. 

3.  The  rays  not  employed  in  producing  the  phenomenon  must  be 
cut  off. 

It  is  not  difficult  to  realise  experimentally  these  three  conditions,  and 
tlie  result  obtained  is  extremely  brilliant  with  sunlight  Though  much 
less  intense  with  the  electric  arc,  it  is  nevertheless  sufficiently  distinct  to 
be  projected.  With  a  feeble  source  of  light,  such  as  an  oil-lamp,  the 
phenomenon  is  still  quite  visible,  but  only  by  direct  vision. 

Let  us  take  a  luminous  source  of  circular  form  (the  disc  of  the  sun  or 
a  circular  hole  in  a  diaphragm  conveniently  illuminated).  Let  the  rays 
diverging  from  this  source  fall  upon  an  achromatic  lens  (0*5  to  1  metre 
focal  length)  and  produce  at  the  conjugate  focus  a  bright  circular  image 
of  the  source.  Exactly  at  this  focus  let  us  place  a  black  circular  disc 
having  precisely  the  same  diameter  as  this  image. 

The  eye  placed  behind  this  opaque  diso  wUl  not  see  any  point  of  the 
luminous  source,  because  all  the  rays  are  cut  off  by  the  disc ;  it  will 
perceive,  however,  a  luminous  line  round  the  edge  of  the  lens.  This  is 
in  itself  an  illustration  of  the  acting  part  of  the  FresneFs  wave,  for  the 
edge  of  the  lens  is  really  a  screen  which  intercepts  the  incident  wave. 
But  the  experiment  becomes  extremely  striking  if  any  object  is  put  on 
the  surface  of  the  lens :  this  object  appears  on  a  dark  field  as  if  surrounded 
by  a  luminous  line  following  even  the  smallest  details  of  its  edge.  [In  the 
experiment  projected  before  the  Section  the  object  shown  was  a  branch 
of  fern.] 

Moreover,  each  particle  of  the  unavoidable  dust  lying  on  the  lens  pro- 
duces a  luminous  point,  and  for  this  reason  the  field  is  never  quite  dark. 
Lycopodium  thrown  in  front  of  the  lens  exaggerates  this  effect  and 
produces  a  sort  of  luminous  nebula. 

The  intensity  of  the  bright  bordering  line  depends  upon  the  accuracy 
with  which  the  circular  screen  masks  the  focal  image  of  the  source  ;  if 
the  diameter  of  the  screen  is  too  small  the  field  becomes  luminous,  if  it  is 
too  large  the  brilliancy  of  the  line  diminishes.  If  another  shape  be  given 
to  the  screen  the  luminous  line  is  interrupted  normally  to  the  directions 
in  which  the  screen  extends  much  outside  the  image  of  the  source. 

With  the  circular  screen  it  is  easy  to  observe  the  important  particular 
case  to  which  Babinet  called  attention,  viz.,  that  a  very  thin  opaque  line 
diffracts  light  exactly  in  the  same  manner  as  a  transparent  slit  of  the 
same  form  and  size. 

It  suffices  for  this  purpose  to  observe  the  shadows  of  successive  wires, 
straight  or  curved,  of  decreasing  diameters.  The  dark  space  lying  between 
the  two  luminous  edges  in  the  case  of  a  thick  wire  diminishes  as  the  wire 
becomes  finer,  and  vanishes  when  its  apparent  angle  becomes  sufficiently 
small;  then  the  wire  appears  on  the  dark  field  like  the  incandescent 
filament  of  a  glow-lamp. 

The  slits  corresponding  to  the  wires  are  made  with  lines  of  decreasing 
breadths  traced  on  smoked  glass.  The  appearances  are  exactly  the  same 
as  before,  a  double  bright  line  l>eing  produced  by  a  broad  slit,  a  single 
bright  line  by  a  narrow  slit,  so  that  a  fine  transparent  slit  and  a  fme 
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opaque  wire  give  exactly  the  same  phenomenon.  This  is  the  simple  and 
useful  result  called  sometimes  Bahinet^s  Principley  and,  in  any  case,  the 
experiment  just  described  gives  immediately  the  means  of  verifying 
whether  the  conditions  required  for  the  correct  application  of  this  principle 
are  sufficiently  fulfilled. 

All  these  results  can  be  collected  under  a  pretty  form  which  illustrates 
one  of  the  finest  natural  phenomena.  It  is  well  known  that  when  the 
sun  is  hidden  behind  the  top  of  a  mountain,  but  near  the  crest,  all  objecta 
in  its  neighbourhood  are  surrounded  by  luminous  borders,  and  minute 
objects,  branches,  leaves  of  trees,  fiying  birds,  &c.,  appear  on  the  sky  aa 
if  incandescent. 

To  imitate  this  appearance  it  suffices  to  cut  out  in  cardboard  an 
irregular  edge  representing  the  crest  of  the  mountain,  and  to  border  it 
with  some  blades  of  grass  or  moss  representing  trees.  This  object  placed 
on  the  lens  reproduces  an  image  of  this  beautiful  phenomenon,  which 
seems  to  have  been  observed  many  centuries  ago  in  deep  valleys  when  the 
son  rises ;  for  Shakespeare  says  (Richovrd  11.,  act  iii.  scene  2)  :  '  He  fires 
the  proud  tops  of  the  eastern  pines.' 


The  Gonnectum  between  Chemical  ComMnation  arid  tJts  DiscJuirge  of 
Electricity  Oirongh  Oases,  By  J.  J.  Thomson,  Professor  of  Esperi- 
menial  PhysieSy  Cambridge. 

[Ordered  by  the  General  Committee  to  be  printed  in  extento.'] 

Thb  intimate  connection  between  chemical  change  and  the  passage  of 
electricity  through  liquids  has  been  universally  recognised  ever  since 
Faraday  discovered  the  laws  of  electrolysis  which  bear  his  name.  These 
^laws  state  that,  whenever  electricity  passes  through  an  electrolyte,  che- 
mical changes  take  place  in  the  electrolyte,  and  that  the  quantity  of  electri- 
city which  passes  through  the  electrolyte  is  connected  in  the  most  intimate 
and  simple  manner  with  the  amount  of  chemical  change  which  has  taken 
place  during  its  passage.  For  each  unit  of  electricity  which  passes  through 
the  electrolyte  a  definite  amount  of  chemical  change  takes  place,  and  the 
chemical  changes  which  take  place  when  equal  quantities  of  electricity 
pass  through  different  electrolytes  are  chemically  equivalent.  But  although 
chemists  have  largely  availed  themselves  of  the  light  thrown  by  electrolysis 
on  chemical  phenomena,  the  subject  of  the  passage  of  electricity  through 
gases  does  not  seem  to  have  attracted  their  attention.  We  have  strong 
evidence,  however,  that  the  connection  between  the  discharge  of  electricity 
through  gases  and  chemical  change  is  not  less  intimate  than  that  between 
ek^ctrolysis  and  chemical  change.  Thus,  for  example,  when  the  electric  dis- 
charge passes  through  steam,  the  steam  is  decomposed,  an  excess  of  hydro- 
gen appearing  at  one  electrode  and  an  excess  of  oxygen  at  the  other  ;  these 
excesses  of  hydrogen  and  oxygen  are  proportional  to  the  quantity  of  elec- 
tricity which  has  passed  through  the  steam,  and  are  equal  to  the  amounts 
of  hydrogen  and  oxygen  which  would  be  libei-ated  if  the  same  quantity  of 
electricity  passed  through  a  water  voltameter.  We  have  here  evidence 
for  connecting  chemical  action  with  the  discharge  of  electricity  through 
gases  of  precisely  the  same  kind  as  that  which  has  connected  it  with 
electrolysis.    Again,  as  I  hope  to  show  later  in  this  paper,  the  passage  of 
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electricity  through  gases  is  inflaenced  by  various  drcu instances,  such  as 
the  presence  of  very  small  quantities  of  water  vapour,  which  exert  so 
strange  an  effect  upon  chemical  combination. 

As  for  the  opportunities  for  the  study  of  chemical  problems  given  by 
the  phenomena  of  gaseous  discharge,  they  seem  to  excel  even  those 
afforded  by  electrolysis,  for  the  substances  are  in  the  gaseous  state,  the 
state  in  which  the  properties  are  the  simplest  and  have  been  the  most 
closely  studied,  while  the  visibility  of  the  discharge  facilitates  the  study 
of  the  electric  phenomena,  as  it  allows  us  to  see,  to  some  extent  at  least, 
what  is  going  on. 

The  first  point  by  which  I  shall  illustrate  the  connection  between 
chemical  action  and  the  discharge  through  gases  is  the  influence  exerted 
by  water  vapour  on  the  potential  difference  required  to  initiate  a  spark 
through  g£is.  The  researches  of  Dixon,  of  Pringsheim,  and  of  fiaker,  have 
established  that  water  vapour  exerts  a  remarkable  influence  on  chemical 
combination.  In  several  typical  cases  the  presence  of  water  seems  indis- 
pensable for  chemical  action ;  two  perfectly  dry  gases,  even  when  they 
have  as  strong  an  affinity  for  each  other  as  hydrogen  and  chlorine,  seem 
utterly  unable  to  combine  with  each  other.  The  addition  of  a  little  water, 
however,  is  all  that  is  necessary  to  cause  combination  to  take  place.  As 
an  analogue  to  this  I  shall  now  show  some  experiments  which  prove  that 
it  is  extremely  difficult  to  start  a  spark  through  a  perfectly  dried  gas. 
When  all  traces  of  moisture  are  abstracted  from  the  gas,  the  gas  is  able 
to  withstand  without  sparking  a  potential  difference  many  times  more 
than  that  which  would  be  sufficient  to  spark  through  it  if  it  were  slightly 
moist.  The  experiments  suggest  that,  if  it  were  possible  to  get  a  perfectly 
dry  gas,  then  to  spark  through  it  would  require  so  large  a  potential  dif- 
ference as  to  be  far  beyond  any  means  of  production  at  present  at  our 
command. 

The  experiments  are  of  the  following  kind.  The  ends  of  a  coil  of  wire 
are  attached  to  A  and  b  (fig.  1),  the  outside  coatings  of  two  Leyden  jars, 
the  insides  of  which  are  connected  to  the  terminals  of  a  Wimshurst  elec- 
trical machine,  or  of  an  induction  coil.  When  sparks  pass  between  the 
terminals  of  the  machine  electric  oscillations  are  started,  and  we  have 
electric  currents  of  very  high  frequency  passing  to  and  fro  through  the 
wires  connecting  the  coatings  of  the  jars.  By  using  jars  of  suitable  size 
it  is  easy  to  send  through  the  coil  electrical  currents  which  reverse  their  * 
direction  several  million  times  per  second.  This  coil,  with  the  alternating 
currents  passing  through  it,  may  be  compared  to  the  primary  of  an  induc- 
tion coil,  and  it  will  induce  currents  in  any  neighbouring  conductor.  If 
we  place  inside  the  coil  a  bulb  containing  some  gas  at  a  very  low  pressure, 
the  gas  will  be  subject  to  electro-motive  forces  due  to  the  electro-magnetic 
induction  of  the  alternating  currents  in  the  coil ;  if  these  forces  are  very 
intense,  they  may  be  sufficient  to  cause  a  luminous  dischai^e  to  pass  through 
the  gas.  lliis  discharge  will  take  a  ring  shape,  since  the  electro-motive 
force  due  to  the  alternating  currents  in  the  coil  wUl  act  round  rings  pa- 
rallel to  the  plane  of  the  turns  of  the  coil.  I  now  place  in  the  coil  this  bulb, 
which  contains  gas  which  has  not  been  specially  dried,  and  you  see  that 
the  ring  discharge  flashes  through  the  bulb  whenever  sparks  pass  between 
the  terminals  of  the  Wimshurst  machine.  I  will  now  use  this  arrangement 
to  show  the  effect  of  drying  the  gas,  remarking  in  passing  that  the  effect 
of  moisture  is  not  confined  to  any  particular  method  of  producing  the  elec- 
tro-motive force,  and  is  just  as  marked  when  the  E.M.F.  is  steady  as  when 
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it  IB  alternating  ;  in  fact,  I  first  noticed  the  effect  when  using  a  battery 
made  up  of  a  very  large  number  of  storage  cells. 

The  apparatus  consists  of  two  equal  bulbs,  connected  by  a  glass  tube, 
which  is  open  originally  but  afterwards  fused  up :  one  of  the  bulbs 
contains  carefully  prepared  phosphorus  pentoxide,  the  other  is  empty  of 
all  but  gas.  The  two  bulbs  were  exhausted  by  an  air-pump  until  the 
pressure  of  the  gas  in  them  was  very  low.  They  were  then  sealed  off  from 
the  pump,  and  the  passage  between  the  bulbs  was  fused  up.  In  this  way 
the  two  bulbs  are  filled  with  the  same  kind  of  gas  at  the  same  pre^ure  ; 
the  gas  in  one  bulb  will,  however,  gradually  become  dry,  while  that  in  the 
other  will  remain  in  its  originSeil  damp  condition.  Just  after  the  opening 
between  the  bulbs  was  fus^  up,  the  discharge  passed  freely  through  either 
bulb  when  placed  inside  the  coil.     After  the  apparatus  had  stood  for  some 


Fig.  1. 
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days  long  enough  for  the  gas  in  the  bulb  containing  the  phosphorus  pent- 
oxide  to  become  dry,  the  two  bulbs  showed  a  marked  difference  in  their 
behaviour  when  pUced  inside  the  coU.  The  discharge,  as  you  see,  stiU 
passes  freely  in  the  damp  bulb ;  but  not  the  faintest  trace  of  discharge  can 
bed^ected  inside  the  dry  one,  and  even  when  the  distance  between  the 
terminals  of  the  Wimshurst  machine  is  increased  far  beyond  that  neces- 
sary to  produce  a  discharge  in  the  damp  bulb,  the  dry  bulb  still  remains 
free  from  discharge.  It  is  thus  evident  that,  to  start  a  discharge  in  the 
dry  gas,  a  much  larger  electro-motive  force  is  required  than  is  necessary  to 
produce  the  same  effect  in  the  damp  gas  ;  in  other  words,  the  presence  of 
aqueous  vapour  faciUtates  to  a  great  extent  the  passage  of  the  discharge. 

If  however,  I  produce  a  brush  discharge  in  the  dry  bulb  by  bringing 
to  the  outside  of  the  bulb  a  wire  connected  with  the  high  potential  pole 
of  the  Wimshurst  machine,  the  ring  discharge  will  start  at  once  in  the 
dry  bulb,  and  after  it  has  once  been  started  an  electro-motive  force,  very 
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much  smaller  than  that  which  it  withstood  previously  without  giving  waj, 
is  sufficient  to  send  the  discharge  through  it.  In  &ct,  when  once  the 
discharge  has  been  started  through  the  dry  gas  it  is  almost  as  easy  to  send 
the  consecutive  discharges  through  the  dry  gas  as  through  the  damp.  If 
the  dry  bulb  is  put  away  and  left  alone,  it  will,  after  some  time,  recover 
its  original  strength.  It  takes,  however,  a  considerable  time  to  do  this, 
and  it  is  very  often  several  hours  before  the  bulb  is  restored  to  its  original 
condition.  The  effect  of  depriving  the  gas  of  aqueous  vapour  is  thus  to 
increase  the  difficulty  of  getting  the  first  spark  to  pass  through  the  gas. 
After  once  the  spark  has  passed,  there  is  very  much  less  difference  between 
the  dry  and  the  wet  gas.  If,  instead  of  these  alternating  currents,  we  use 
the  direct  current  from  a  large  battery  of  cells,  we  can  easily  measure  the 
change  in  the  potential  difference  required  for  the  first  and  consecutiva 
sparks  ;  all  we  have  to  do  is  to  connect  the  electrodes  of  a  discharge  tube 
with  an  electrostatic-voltmeter.  For  damp  gases  the  change  in  the  poten- 
tial difference  between  the  first  and  following  sparks  is  not  very  great.  For 
very  dry  gases,  however,  the  potential  difference  required  to  start  the 
first  spark  may  be  quite  indefinitely  large ;  but  for  the  second  and  follow- 
ing sparks  it  will  be  almost  identical  with  that  for  the  damp  gas. 

Another  striking  effect  produced  by  aqueous  vapour  is  the  change  it 
produces  in  a  phosphorescent  glow  which  some  gases  emit  after  an  electric 
discharge  has  passed  through  them.  When  the  discharge  passes  through 
oxygen  it  is  followed  by  a  greenish  yellow  glow  diffused  through  the  bulb. 
This  glow  is  very  bright  and  lasts  for  a  considerable  time.  It  gives  a  con- 
tinuous spectrum  crossed  by  a  few  bright  lines.  When  the  discharge 
passes  through  cyanogen  it  is  succeeded  by  a  white  glow  which  is  very 
persistent,  lasting  in  some  cases  for  fifteen  or  twenty  minutes.  All  tLc 
gases  in  which  I  have  observed  this  glow  have  the  power  of  forming  poly- 
meric modifications.  Aqueous  vapour  produces  a  very  marked  effect  on 
this  glow.  If  an  oxygen  bulb  is  sealed  up  with  some  phosphorus  pent- 
oxide,  then  for  a  short  time  after  sealing  off  the  gas  will  glow  brightly 
after  a  discharge  has  passed,  but  as  the  gas  gets  drier  the  glow  gets  fainter, 
and  after  a  few  days  is  hardly  visible.  On  the  other  hand,  air,  which  only 
shows  a  very  faint  glow  when  moist^  gives  quite  a  bright  glow  when  care- 
fully dried.     This  glow  is  of  the  same  character  as  that  in  damp  oxygen. 

The  way  in  which  the  presence  of  water  vapour  facilitates  the  discharge 
and  affects  its  appearance  may  be  compared  with  its  effect  on  chemical 
combination.  Dixon,  Fringsheim,  and  Baker  have  shown  that  certain 
typical  combinations  do  not  take  place  at  all  unless  water  vapour  is  pre- 
sent. If  we  take  the  view — which  is,  I  think,  proved  by  the  phenomena 
accompanying  electric  discharges  through  gases — that  the  first  dischai^e 
through  a  gas  in  its  normal  state  is  accompanied  by  the  splitting  up  of 
some  of  the  molecules  of  the  gas,  we  can  see  why  a  cause  which  increases 
the  facility  with  which  the  first  dischai^e  passes  through  the  gas  should  also 
increase  the  tendency  of  the  gas  to  enter  into  chemical  combination.  The 
forces  holding  together  the  atoms  .in  a  molecule  are  so  great  tihat  if  we 
were  to  take  a  single  molecule  of  a  gas  by  itself  the  electric  field  required 
to  pull  the  atoms  in  the  molecule  asunder  would  far  exceed  in  intensity  any 
hitherto  applied  to  a  gas.  For  consider  two  atoms  in  a  molecule  each 
charged  with  the  quantity  of  electricity  which  the  electrolysis  of  liquids 
shows  is  carried  by  each  atom  of  an  electrolyte,  and  which  from  the  results 
of  experiments  of  the  electrolysis  of  steam  we  may  infer  is  carried  bv  an 
atom  of  a  gas.    This  charge,  which  we  shall  call «,  is  of  the  order  10"'^  in 
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electrostatic  units.  If  r  is  the  distance  between  the  atoms  in  the  molecule, 
the  force  on  unit  charge  at  one  of  the  atoms  due  to  the  other  is  e/r'.  If 
we  take  r  equal  to  10~^  this  force  is  equal  to  10^.  To  pull  the  atoms 
apart  would  require  a  force  comparable  with  this.  As  a  force  of  10^  in 
C.G.S.  units  corresponds  to  thirty  million  volts  per  centimetre,  we  see  that 
to  separate  the  atoms  in  a  molecule  would  require  the  application  of  an 
electric  force  far  transcending  in  intensity  any  hitherto  applied  to  a  gas. 
A  single  molecule  or  a  system  of  molecules  free  from  each  other's  action 
would,  therefore,  not  be  split  up  by  the  fields  which  are  found  to  produce 
discharge  through  gases.  Such  fields,  however,  might  produce  discharge 
if  there  existed  in  the  gas  complex  molecules  from  which  the  charged 
atoms  could  be  more  easUy  detached  than  from  isolated  molecules.  The 
formation  of  these  aggregates  or  large  molecules  with  but  loose  connec- 
tion between  the  atoms  would  on  this  view  be  an  essential  preliminary  to 
the  passage  of  the  discharge.  The  presence  of  a  third  substance,  such  as 
water,  may  facilitate  the  formation  of  these  aggregates  by  suppl3dng  nuclei 
round  which  they  may  condense.  Indeed,  a  direct  proof  of  the  electrical 
effect  exerted  by  water  on  the  surrounding  gas  is  indicated  by  the  electri- 
fication produced  when  drops  of  water  fall  on  a  plate.  ^  The  most  direct 
explanation  of  this  phenomenon  is  that  when  a  drop  of  water  is  surrounded 
by  gas  there  is  a  finite  difference  between  the  potential  of  the  gas  and  that 
of  the  water  ;  in  other  words,  there  is  electrical  separation  at  the  surface 
of  the  drop  resulting  in  the  formation  of  a  coating  formed  of  two  layers  of 
electricity  close  together,  one  of  these  layers  being  positive,  the  other 
negative.  If  the  gas  surrounding  the  drop  is  oxygen,  the  inner  layer  is 
positive,  the  outer  negative  ;  while  if  the  drop  is  surrounded  by  hydrogen, 
the  inner  layer  is  negative,  the  outer  one  positive.  Thus  in  a  system  con- 
sisting of  water  and  gas  effects  take  place  which  result  in  an  electrical 
separation  which  becomes  apparent  when  the  drop  receives  such  a  com- 
paratively trifling  disturbance  as  that  produced  by  falling  on  a  plate. 
Water  is,  with  the  single  exception  of  mercury,  the  liquid  where  the 
electrification  by  drops  attains  the  greatest  dimensions.  It  is  also  the 
substance  that,  as  far  as  our  present  knowledge  extends,  produces  the 
greatest  effect  both  on  the  electric  dischai^e  and  on  chemical  combination. 
As  the  electrification  is  carried  by  atoms,  and  as  these  can  be  separated 
by  the  splashing  of  the  drops  on  the  plate,  the  electrification  of  drops 
furnishes  independent  evidence  of  the  ability  of  water  to  put  the  surround- 
ing gas  into  a  condition  in  which  some  of  the  atoms  are  but  loosely  attached 
together.  Although  in  this  case  the  phenomenon  is  observed  with  liquid 
drops  of  a  finite  size  which  we  cannot  suppose  to  have  any  permanent 
existence  in  those  cases  where  a  trace  of  aqueous  vapour  produces  such 
an  effect  on  the  passage  of  electricity  and  on  chemical  combination,  yet, 
if  we  realise  this  action  of  drops,  we  shall,  I  think,  get  a  clue  to  the  ex- 
planation of  the  action  of  small  quantities  of  aqueous  vapour.  For  let  us 
suppose  that  we  have  a  drop  of  water  in  air  with  its  double  layer  of  elec- 
trification, and  that  this  drop  for  some  reason  or  another  evaporates. 
Blake's  experiments  show  that  the  steam  from  this  drop  is  not  electrified, 
so  that  if  we  proceed  to  the  limit  and  suppose  all  the  water  to  evaporate, 
the  charged  atoms  constituting  the  double  layer  will  still  be  left,  and  we 
shall  have  a  number  of  oppositely  charged  atoms  held  together  by  very 
loose  ties.     These  would  eaisdly  be  split  up  themselves  by  the  electric  field, 

'  Lenard,  Wied,  Ann,,  46,  584 ;  J.  J.  ThomBon,  PhU,  Mag^  37.  841. 
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or  would  form  excellent  nuclei  for  the  formation  of  loosely  attached  systems 
of  molecules  suitable  for  conveying  the  electric  discharge.  A  quantity  of 
water  vapour  alternately  condensing  and  evaporating  would  throw  the 
surrounding  gas  into  a  state  in  which  it  could  transmit  the  electric  dis- 
charge. This  would  be  the  case  even  though  the  existence  of  the  drops 
was  so  transitory  that  the  water  was  to  all  appearance  continually  in  the 
form  of  vapour.  That  some  drops  should  be  formed,  having  a  very  brief 
existence  it  is  true,  even  when  the  pressure  of  the  water  vapour  is  far 
below  that  of  saturation,  is  what  we  should  expect  on  almost  any  dynamical 
theory  of  evaporation.  The  effect  of  the  drops  in  promoting  the  existence 
of  free  atoms  would  of  itself  tend  to  increase  the  likelihood  of  their 
formation,  as  we  know  from  the  experiments  of  R.  v.  Helmholtz  and 
Bicharz  that  condensation  is  much  facilitated  by  the  presence  of  free  ions. 

Thus,  a  small  quantity  of  aqueous  vapour,  portions  of  which,  occasionally 
condensed  for  an  instant  into  drops,  might  put  some  of  the  gas  into  a  con- 
dition approaching  dissociation,  inasmuch  as  in  this  condition  the  atoms 
could  easily  be  detached  from  each  other.  We  might  expect  that  when  in 
this  state  the  gas  might  enter  into  chemical  combinations  much  more  freely 
than  before  this  dissociation  took  place.  The  effect  of  a  drop  of  water  on 
a  molecule  consisting  of  a  positively  electrified  atom  combined  with  a  nega- 
tively electrified  one  near  the  surface  of  the  drop  is  worthy  of  considera- 
tion. Pure  water,  though  not  a  conductor,  has  yet  such  a  high  specific 
inductive  capacity  that  its  electrostatic  effect  is  much  the  same  as  if  it 
were  a  conductor.  Now  if  we  have  a  molecule  consisting  of  a  positively 
electrified  atom,  A,  with  a  charge  +e  and  a  negatively  electrified  atom,  B, 
with  a  charge  —6,  on  or  near  the  surface  of  a  conducting  sphere,  the  effect 
of  the  electrification  induced  on  the  sphere  is  the  same  as  if  we  had  at 
A'  a  point  on  the  same  radius  as  A  inside  the  sphere,  and  close  to  the  sur- 
face a  negative  charge  equal  to  — «,  and  at  B'  a  point  inside  the  sphere 
close  to  the  surface  and  on  the  same  radius  as  B  a  positive  charge  equal 
to  -h6.  Now,  the  negative  charge  at  A'  will  almost  neutralise  at  B  the 
force  arising  from  the  positive  charge  at  A,  while  the  effect  of  the  charge 
at  B'  on  B  is  along  the  radius  at  B,  and  thus  has  no  effect  parallel  to  the 
surface  of  the  sphere  ;  there  would  thus  be  nothing  to  oppose  the  motion 
of  B  away  from  A,  and  similarly  of  A  away  from  B,  as  long  as  this  motion 
took  place  parallel  to  the  surface  of  the  sphere.  Thus,  for  movements  of 
this  kind  the  molecule  would  be  dissociated  by  the  presence  of  the  sphere  ; 
this  dissociation  of  the  gas  would  facilitate  the  production  of  the  elec- 
trification over  its  surface,  also  its  tendency  to  enter  into  chemical  com- 
bination. 

We  have  hitherto  been  considering  the  passage  of  electricity  throagh 
the  gas.  If  we  proceed  to  study  the  passage  of  electricity  from  a  gas  to  a 
metal,  we  shall  find  that  it  is  also  facilitated  by  the  presence  of  a  third 
substance.  This  effect  was  very  well  shown  in  an  experiment  which  I  had 
occasion  to  make  on  the  discharge  of  electricity  through  mercury  vapour. 
A  bulb  for  the  discharge  was  prepared  by  taking  a  large  closed  vessel  filled 
with  freshly  distilled  mercury  ;  this  was  connected  by  a  glass  tube  to  the 
discharge  bulb  ;  one  end  of  a  capillary  tube  was  fused  to  this  bulb,  tne  otiier 
end  dipped  under  mercury.  When  the  mercury  in  the  large  vessel  was 
heated,  the  arrangement  acted  like  a  mercury  distiller  and  pumped  itself : 
to  hasten  matters,  however,  as  much  air  as  possible  was  taken  out  of  the 
arrangement  by  an  air-pump  before  beginning  the  distillation.  The  ap- 
paratus was  kept  distillmg  for  a  whole  day,  the  discharge  tube  being  sur- 
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rounded  by  a  furnace  and  kept  so  hot  that  the  glass  was  just  on  the  point 
of  softening  ;  at  the  end  of  the  day  the  discharge  tube  was  sealed  o% 
enough  mercury  having  been  run  into  a  reservoir  connected  with  it  to 
cover  up  the  two  electrodes  by  means  of  which  the  discharge  enters  and 
leaves  IJie  tube,  and  also  to  form  a  large  pool  at  the  bottom,  under  which 
was  an  electrode  connected  with  the  earth.  The  bulb  was  allowed  to  cool 
to  the  temperature  of  the  room,  and  then  a  discharge  was  sent  through  it 
from  a  high-tension  transformer.  The  discharge  presented  a  peculiar  ap- 
pearance, passing  as  a  narrow  well-defined  band  of  light  between  the  two 
electrodes  :  it  was  started  only  after  great  difficulty.  After  the  discharge 
stopped,  the  mercury  vapour  in  the  bulb  was  found  to  be  positively  electri- 
fied, and  this  electrification  had  great  difficulty  in  getting  out  of  the  gas  ;  for 
although  the  two  mercury  electrodes  which  had  been  used  as  terminals  and 
the  large  pool  of  mercury  at  the  bottom  of  the  bulb  were  connected  with  the 
earth,  there  was  such  electrification  left  in  the  bulb  fifteen  minutes  after 
the  discharge  had  ceased,  that  when  the  bulb  was  disconnected  from  the 
earth  and  connected  with  a  quadrant  electrometer,  the  spot  of  light  re- 
flected from  the  mirror  was  driven  right  ofi"  the  scale.  When  the  discharge 
passed  through  mercury  vapour  from  which  other  gases  had  not  been 
driven  with  so  much  care,  there  was  a  residual  positive  electrification,  but 
this  disappeared  so  quickly  after  the  discharge  stopped,  that  after  a 
minute  it  was  too  slight  to  affect  appreciably  the  electrometer.  This  ex- 
periment shows  that  the  communication  of  electricity  from  a  gas  to  a 
metal,  in  this  case  from  mercury  vapour  to  liquid  mercury,  is  very  much 
facilitated  by  the  presence  of  a  third  substance. 

The  well-known  chemical  phenomenon  that  many  chemical  reactions 
do  not  take  plcu^  unless  the  temperature  exceeds  a  certain  value,  is  also 
paralleled  by  one  in  the  discharge  of  electricity  through  gases.  Certain 
gases,  such  as  iodine,  when  strongly  heated,  allow  electricity  to  pass  through 
them  with  considerable  facility  ;  this,  however,  is  only  possible  when  the 
electrodes  which  carry  the  current  into  the  gas  are  also  at  a  high  tempera- 
ture. If  we  dip  a  piece  of  cold  platinum  foil  between  the  electrodes  when 
the  current  is  passing  through  the  hot  gas,  the  current  is  immediately 
stopped  apparently  to  as  great  an  extent  as  if  a  piece  of  mica  or  other 
non-conducting  substance  had  been  inserted  between  the  electrodes  ;  aa 
soon,  however,  as  the  piece  of  platinum  foil  gets  to  a  dull  red  heat  the  cur- 
rent between  the  electrodes  recommences,  and  the  platinum  now  offers  but 
little  obstacle  to  the  passage  of  the  current. 

The  electro-motive  force  required  to  liberate  the  ions  from  an  electrolyte 
is  connected  in  a  very  intimate  way  with  the  amount  of  work  required  to 
effect  the  chemical  change  which  occurs  when  one  unit  of  electricity  passes 
through  the  electrolyte*  Similarly,  we  may  expect  from  the  study  of  the 
potential  difference  required  to  send  an  electric  discharge  through  a  gas, 
to  derive  information  about  the  work  required  to  effect  the  chemical 
changes  which  go  on  when  the  discharge  passes  through  the  gas  ;  as  these 
changes  seem  often  to  consist  in  the  splitting  up  of  molecules  into  atoms, 
the  studv  of  the  potential  difference  might  be  expected  to  throw  light  on 
the  amount  of  work  required  to  split  the  molecules  of  a  gas  up  into  atoms. 
Systematic  measurements  of  the  potential  difference  required  to  produce 
discharge  have  been  made  by  several  observers  ;  they  cdl,  however,  show 
one  feature,  which,  until  it  is  investigated,  makes  the  deduction  of  conclu- 
sions as  to  the  work  required  to  effect  tlie  changes  in  the  gas  impossible. 
This  feature  is  well  illustrated  in  an  experiment  described  by  Hittor^  its 
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discoverer.  Hittorf  measured  the  fall  of  potential  in  a  vacaum  tube,  not 
merely  between  the  electrodes  but  also  along  the  whole  length  of  tube,  and 
found  the  very  remarkable  and  interesting  result  that  by  far  the  greater 
part  of  the  total  fall  in  potential  occurred  close  to  the  cathode.  Thus  in 
one  of  his  experiments  on  hydrogen  at  a  pressure  of  about  t^^  ^^  ^ 
millimetre  of  mercury  he  found  that,  of  the  total  fall  in  potential,  about 
jf  occurred  dose  to  the  cathode,  the  potential  gradient  in  the  rest  of  the 
tube  only  amounting  to  two  or  three  volts  per  centimetre.  The  question 
immediately  suggests  itself  whether,  if  we  got  rid  of  the  electrodes  alto- 
gether, we  should  reduce  the  potential  difference  to  one-sixth  or  so  of  the 
value  required  when  electrodes  are  used.  I  have  here  an  experiment  which 
is  intended  to  settle  this  point ;  the  apparatus  consists  of  two  bulbs  con- 
nected together  by  an  open  tube,  so  that  the  bulbs  are  always  filled  with 
the  same  kind  of  gas  at  the  same  pressure.  One  bulb  is  without  electrodes  ; 
the  other,  whose  diameter  is  approximately  equal  to  the  circumference  of 
the  first,  is  provided  with  electrodes  which  are  placed  at  the  opposite  ends 
of  a  diameter ;  these  electrodes  are  connected  with  a  wire  which  makes  one 
turn  round  the  coil  which  connects  the  outsides  of  the  two  Leyden  jars 
(fig.  1)  ;  the  bulb  without  electrodes  is  placed  inside  this  coil ;  the  total 
electro-motive  force  acting  round  the  bulb  without  electrodes  is  thus  ap- 
proximately the  same  as  that  acting  between  the  electrodes  of  the  other 
bulb.  Setting  the  Wimshurst  machine  in  action,  and  gradually  increasing 
the  length  of  the  spark  until  a  spark  passes,  it  is  found  that  the  discharge 
begins  to  appear  at  about  the  same  time  in  each  of  the  bulbs,  showing  that 
the  total  electro-motive  force  required  to  produce  discharge  is  not  very  dif- 
ferent in  the  two  cases,  and  that  the  potential  difference  required  to  start 
a  discharge  through  a  given  length  of  gas  is  not  very  greatly  increased  by 
the  presence  of  electrodes.  We  may,  therefore,  conclude  that  the  potential 
differences  measured  in  the  tube  with  electrodes  are  primarily  connected 
with  work  required  to  split  up  the  gas  through  which  the  discharge  passes^ 

Resistance  of  Rarefied  Gases. 

Rarefied  gases  are  exceedingly  good  conductors  of  electricity  when 
they  are  acted  upon  by  electro-motive  forces  sufficiently  intense  to  produce 
discharges.  This  is  clearly  shown  by  the  following  experiment.  A  and  B 
(fig.  2)  are  two  coils  in  series  placed  in  circuit  with  the  outer  coatings  of 
two  Leyden  jars.  In  coil  A  an  exhausted  bulb  is  placed ;  this  bulb  serves  aa 
a  kind  of  galvanometer,  the  brightness  of  the  ring  in  it  giving  an  indica- 
tion of  the  current  passing  through  the  coil  A.  &e  substance  whose  re- 
sistance is  to  be  tested  is  placed  in  a  bulb  inside  the  other  coil ;  the  cur- 
rents induced  in  this  bulb  will,  by  their  inductive  action,  exert  on  the 
primary  coil  an  electro-motive  force  in  the  opposite  direction  to  the  current 
in  the  coil ;  this  will  tend  to  stop  the  current,  and  we  shall  detect  its  effect 
by  the  diminution  in  brightness  of  the  discharge  in  the  bulb  inside  A. 
The  extent  of  this  diminution  will  give  us  a  clue  to  the  magnitude  of  the 
currents  induced  in  the  bulb  £  (fig.  2).  I  place  inside  the  coil  B  a 
bulb  containing  gas  at  a  low  pressure.  You  notice  that  the  discharge  in 
A  is  quite  extinguished.  I  now  replace  this  bulb  by  one  of  the  same  size 
filled  with  sulphuric  acid  and  water  in  the  proportions  for  which  they  con- 
duct electricity  best.  You  observe  that  the  sulphuric  acid  in  B  does  not 
diminish  the  brilliancy  of  the  discharge  in  A  to  anything  like  the  extent 
the  exhausted  gas  did ;  thus  the  currents  passing  through  the  gas  are 
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larger  than  those  through  the  acid.  If  we  compare  the  number  of  mole- 
cules of  the  gas  with  the  number  of  molecules  of  sulphuric  acid  in  the  same 
volume,  we  lind  that  the  *  molecular  conductivity '  of  the  gas  must  be  many 
million  times  that  of  the  sulphuric  acid  (see  J.  J.  Thomson,  *  Recent 
Researches  on  Electricity  and  Magnetism,'  p.  101).  A  calculation  of  the 
intensity  of  the  current  through  the  gas  shows  that  some  hundreds  of 
amperes  must  be  passing  through  a  square  centimetre  of  the  gas,  a  greater 
current  than  is  allowed  by  the  Board  of  Trade  rules  to  pass  through  the 
best  conducting  electric  light  leads. 

The  presence  of  a  very  small  number  of  charged  ions  in  a  gas  will  impart 
to  it  a  conductivity  large  enough  to  be  detected  by  the  method  just  described. 
As  this  method  of  detecting  the  existence  of  free  ions  may  perhaps  be  of 
some  service  to  Chemistry,  it  may  be  worth  while  to  calculate  from  the 
principles  of  the  Kinetic  Theory  of  Gases  the  conductivity  of  a  mixture  of 
free  ions  and  undissociated  gas.  For  the  sake  of  simplicity  I  wiU  take 
the  case  when  the  ions  form  but  a  small  fraction  of  the  undissociated  gas. 
Let  e  be  the  charge  of  electricity  on  the  positive  atom,  mj  the  mass  of 
this  ion,  ^e  the  charge  on  a  negative  ion,  m^  its  mass,  N  the  number  of 
positive  or  of  negative  ions  per  unit  volume,  X  the  electric  intensity 
parallel  to  the  axis  of  x,  i^,,  ttj  the  mean  translatory  velocity  parallel  to 

Fig.  2. 


^ 


the  axis  of  x  of  the  positive  and  negative  ions  respectively.  We  shall 
suppose  that  the  undissociated  gas  has  no  mean  movement.  Thus  (Art. 
I>i£^sion,  *  Encyclopaedia  Britannica,'  or  Maxwell's  'Collected  Papers,' 
vol.  ii.  p.  629)  we  have,  if  /o  is  the  density  of  the  undissociated  gas, 

at  I        o         X  ismi  ax      m 

where  G2,  G3  are  constants  depending  on  the  size  of  the  molecules  and 
the  temperature,  p^  is  the  pressure  due  to  the  positive  ions. 
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If  p  is  large  compared  with  Nmj,  and  if  the  state  of  the  gas  keeps 
uniform  as  we  move  parallel  to  the  axis  of  Xy  this  equation  reduces  to 

dut  ,  rt  X« 

cU  ni 

We  shall  first  investigate  the  case  when  the  electric  intensity  is  con- 
stant ;  then  when  things  are  in  a  steady  state  du^  jdt  vanishes,  and  we 
have 

*      m  Gjp 

Now,  if  D,  3  is  the  coefficient  of  interdiffusion  between  the  positive  ions 
and  the  undissociated  gas,  then  (Maxwell,  Lc,  p.  631) 

TV    ^  ^\ 

When  p  is  the  total  pressure  due  to  the  ions  and  undissociated  gas,  k 
and  ki  are  respectively  the  quotients  of  the  pressure  by  the  density  for 
the  undissociated  gas  and  the  positive  ions.  Now,  since  the  ions  form  but  a 
small  part  of  the  gas,  the  total  pressure  is  practically  equal  to  the  pressure 
of  the  undissociated  gas  ;  hence  we  may  put  p=kp^  so  that 

and  therefore 

Let  us  take  the  case  of  hydrogen  ions,  for  which  elmk^^lO'^  ap- 
proximately. We  do  not  know  the  coefficient  of  interdiffusion  between 
hydrogen  atoms  and  molecules  ;  it  will,  however,  be  greater  than  that 
between  oxygen  and  hydrogen,  which  was  found  by  Loschmidt  to  be  equal 
at  atmospheric  pressure  to  '72.  Hence,  if  in  the  equation  for  u  we  put 
Di2=*7,  we  shall  get  a  value  of  u  less  than  the  true  one.  Substituting 
this  value  for  Di2,  we  find 

w,=7xlO-'X 

If  the  electric  intensity  is  a  volt  per  centimetre,  Xs=10^.  In  this  case 
Ui  ^70  ;  hence  for  each  volt  per  centimetre  we  get  a  velocity  of  hydrogen 
ions  equal  to  70  cm /sec.  With  the  same  electrical  intensity  the  velocity 
will  be  inversely  proportional  to  the  pressure  of  the  undissociated  gas,  so 
that  when  the  pressure  of  this  is  tttVit  ^^  ^^®  atmospheric  pressure  the 
velocity  of  hydrogen  ions  moving  through  it  will  be  70,000  cm /sec. 

The  current  carried  by  the  positive  ions  is 

New  I 
or  at  atmospheric  pressure 

7xlO-^6X 

Since  e/mi=10*  for  hydrogen,  we  may  put  for  the  positive  current 

7xI0-«Nm,X 

To  get  an  idea  of  the  magnitude  of  the  resbtanoe,  let  us  assume  that  tiie 
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current  carried  by  the  negative  ions  is  equal  to  that  carried  by  the  positive. 
Thus,  a  qhe  the  current,  we  have 

g=l-4xlO-«Nm,X 

Thus  the  specific  resistance  of  the  gas  is 

10« 
1-4  xNw, 

Suppose  that  the  hydrogen  ions  gave  rise  to  a  pressure  of  x  atmo- 
spheres, then 

Nm^ssa;  x  10"*  approximately, 

so  that  the  specific  resistance  is 

Wll'ixx 

Now,  from  experiments  with  electrolytes  we  find  that  we  can  easily 
detect  by  this  method  the  conductivity  of  substances  whose  specific 
resistance  is  10"  ;  hence  we  could  detect  the  conductivity  of  the  gas  even 
though  X  were  as  small  as  1/7000 ;  that  is,  we  could  easily  detect  the 
presence  of  free  ions  though  they  only  amount  to  one  part  in  7000  of  the 
total  gas.  It  is  important  to  notice  that,  inasmuch  as  the  conductivity 
varies  inversely  as  the  pressure  of  the  undissociated  gas,  we  should  be  able 
to  detect  the  existence  of  the  same  percentage  of  free  ions  at  all  pressures. 

Let  us  now  consider  the  case  when  the  electric  intensity  is  variable. 
Suppose  that  it  is  proportional  to  cos  pt^  say  Xs=Xo  cos  pt ;  then  we  have 

^  +  G2ptti=XoC08;>< 

or 

^  _Xo ccqQ?^— c) 

when 

When  the  alterations  in  the  electric  intensity  are  so  slow  that  p  is  small 
compared  with  Q^p,  the  solution  is  practically  of  the  same  form  as  when 
the  electric  intensity  is  steady.  But  when  the  oscillations  are  so  rapid 
that  p  is  large  compared  with  G2P,  then  approximately 

tti=--?sm|?< 
P 

and  the  maximum  velocity  is  independent  of  the  pressure.  In  this  case 
the  direction  of  the  electric  intensity  gets  reversed  many  times  in  the 
interval  between  two  collisions  of  the  ion ;  thus  the  ions,  when  they  have 
acquired  a  high  velocity  under  the  electric  intensity,  do  not^  aa  in  the  case 
when  the  electric  intensity  is  steady,  lose  their  energy  by  impact  against 
other  molecules,  and  so  raise  the  temperature  of  the  surrounding  gas ;  when 
p  is  very  large,  the  force  is  reversed  before  the  ions  collide,  and  the  velocity 
of  the  ion  gets  reduced  by  the  action  of  the  electric  force.  There  is  in 
this  case  verv  little  heat-production  ;  the  effect  of  the  free  ions  is  rather  to 
i^ter  the  self-induction  of  the  circuit  than  its  resistance.    Thus,  if  a  light 


Digitized  by  VjOOQIC 


ox  CHEMICAL  COMBINATION   ArCD   ELECTRIC   DISCHARGE.  493 

vrave  were  passing  through  a  medium  with  a  small  number  of  free  ions,  the 
effect  of  these  ions  would  be  rather  to  affect  the  velocity  of  propagation  than 
to  produce  any  great  absorption.  In  the  case  of  hydrogen  at  atmospheric 
pressures  we  have  seen  that  GjO  is  of  the  order  10*° ;  in  this  case  jt?  would 
have  to  be  larger  than  W^  to  make  the  effects  depending  on  dujdt  large 
compared  with  those  depending  on  G^pu^,  We  could  not  by  discharging 
Leyden  jars  get  electrical  vibrations  of  this  rapidity,  but  at  the  pressure  of 
loioff  of  an  atmosphere  G^p  would  only  be  of  the  order  10®,  and  we  could 
easily  get  electrical  vibrations  sufficiently  rapid  to  make  p  large  compared 
with  this  quantity,  and  thus  to  make  the  effects  depend  chiefly  upon  the 
term  du^  /dt^  that  is,  upon  the  inertia  of  the  ions. 

The  preceding  experiments  are,  I  think,  sufficient  to  show  the  close 
analogies  existing  between  the  phenomena  of  chemical  combination  and 
of  the  electric  discharge,  and  give  hopes  that  the  study  of  the  passage  of 
electricity  through  gases  may  be  the  means  of  throwing  light  on  the 
mechamsm  of  chemical  combination.  The  work  of  chemists  and  physicists 
may  be  compared  to  that  of  two  sets  of  engineers  boring  a  tunnel  from 
opposite  ends — they  have  not  met  yet,  but  they  have  got  so  near  together 
that  they  can  hear  the  sounds  of  each  other's  works  and  appreciate  the 
importance  of  each  other's  advances. 


On  iJie  Electrification  of  Molecules  and  OhenUcal  Change. 
By  H.  Brereton  Baker. 

[Ofderod  by  the  Genetal  Committee  to  be  printed  m  ewtenw.l 

Mors  than  twenty  years  ago  a  striking  fact  was  discovered  by  Dr. 
Wanklyn,  that  dried  sodium  could  be  melted  in  dried  chlorine  without  the 
production  of  the  bright  flame  usual  under  the  circumstances.  The  action  of 
chlorine  on  other  metals  in  absence  of  moisture  was  investigated  by  Dr. 
Cowper  in  1876.  He  showed  that  in  many  cases  the  same  result  was 
obtained  as  that  of  Dr.  Wanklyn  in  the  case  of  sodium.  About  this  time 
Professor  Dixon,  who  was  working  on  the  rate  of  chemical  change  in  a 
mixture  of  carbon  monoxide,  hydn^ien,  and  oxygen,  was  led  to  suspect  the 
great  influence  of  the  presence  of  moisture  on  the  combustion  of  the 
former  gas,  and  he  succeeded,  by  drying  a  mixture  of  carbon  monoxide  and 
oxygen  as  completely  as  possible,  in  passing  a  stream  of  electric  sparks  in 
the  mixture  witho^it  any  explosion  taking  place.  It  was  this  experiment 
which  first  led  to  the  great  interest  taken  by  chemists  in  the  influence  of 
moisture  on  chemical  action.  Many  chemists  have  investigated  different 
chemical  actions,  and  a  large  number  of  changes  have  been  shown  to  be 
dependent  on  the  presence  of  moisture.  A  list  of  them  will  be  found  in  a 
paper  on  this  subject  in  the  '  Chemical  Society's  Journal '  of  July  last.  It 
seemed  at  one  time  to  a  chemist  who  was  studying  these  actions,  that  no 
chemical  action  could  take  place  without  the  presence  of  moisture.  As 
action  after  action  was  investigated,  and  as  new  methods  of  purification 
were  introduced,  further  additions  could  be  made  to  the  list.  I  have 
recently  been  engaged  in  studying  several  decompositions,  however,  and  I 
believe  that  although,  in  some  cases,  no  breaking  up  of  the  molecules  takes 
place,  as  in  the  very  interesting  case  of  the  action  of  heat  on  dried 
ammonium  chloride,  in  which  no  dissociation  occurs,  yet  in  some  cases 
action  does  take  place.  Potassium  chlorate  and  silver  oxide  do  decom- 
pose, and  give  not  atomic  but  molecular  oxygen.    Carbon  bisulphide  bums 
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in  dried  oxygen,  althongh  the  elements  of  which  it  is  composed  do  not. 
Oxygen  forms  ozone  under  the  influence  of  the  electric  discharge  as  rapidly 
when  dry  as  when  moisture  is  present.  It  may  be  that  the  substances 
have  not  been  sufficiently  purified,  but  I  believe  it  may  be  due  to  another 
cause.  In  many  of  these  cases  in  which  water- vapour  appears  to  play  no 
part,  we  are  dealing  not  with  molecules  but  with  atoms.  If  an  atom  of 
oxygen  will  not  unite  with  another  atom  of  oxygen,  then  by  the  decompo- 
sition of  dried  potassium  chlorate  we  should  perhaps  get  a  gas  composed 
partly  of  atoms  and  partly  of  molecules,  and  by  the  decomposition  of 
silver  oxide,  if  its  molecular  formula  is  Ag,0,  the  gas  evolved  might  be 
composed  only  of  atoms.  In  these  cases,  however,  molecules  of  oxygen 
only  are  obtained.  It  may  be,  therefore,  that,  whatever  be  the  state  of 
dryness  of  the  substance,  atoms  will  always  combine.  Similarly  with  re- 
gard to  the  combustion  of  carbon  bisulphide,  though  I  used  all  possible  care 
in  its  purification,  yet  it  always  burnt  in  dried  oxygen.  It  was  noticed, 
however,  that  the  decomposition  point  of  carbon  bisulphide,  when  heated 
in  a  neutral  gas  like  nitrogen,  was  a  little  below  the  point  of  ignition 
when  heated  in  oxygen.  Therefore,  in  the  latter  case,  I  was  dealmg  not 
with  carbon  bisulphide  and  oxygen  but  with  carbon  bisulphide  in  a  decom- 
posing state,  carbon  and  sulphur  being  set  free  not  in  their  ordinary  state 
but  in  a  condition  in  which  they  would  combine  with  dried  oxygen.  This 
fact  is  most  easily  explained  by  supposing  that  when  carbon  bisulphide  is 
heated  it  splits  up  into  atoms  of  carbon  and  sulphur,  and  that  these  then 
combine  with  oxygen  in  absence  of  moisture. 

With  regard  to  the  explanation  of  the  effect  of  moisture  on  chemical 
actions  in  general,  several  hypotheses  have  been  suggested.  The  first,  that 
of  Professor  Dixon,  is  that  the  water  molecules  present  undergo  an  actual 
decomposition.  In  the  combustion  of  carbon  monoxide,  for  instance,  the 
gas  takes  up  oxygen  from  the  water,  liberating  hydrogen,  which  then 
combines  with  the  free  oxygen,  re-forming  water.  I  venture  to  think  that 
this  hypothesis,  although  I  believe  it  explains  all  the  known  facts,  is  open 
to  one  or  two  objections.  For  instance,  if  we  accept  Berthelot's  law  of 
maximum  work,  there  seems  to  be  no  reason  why  water  should  be  decom- 
posed by  red-hot  carbon  rather  than  oxygen  molecules,  since  the  direct 
action  on  the  oxygen  liberates  a  far  greater  amount  of  energy.  Dr. 
Ti*aube  has  suggested  that  the  explanation  is  dependent  on  the  oxidation 
of  water  rather  than  on  its  reduction ;  that  hydrogen  peroxide  is  first 
formed  by  direct  union  of  water- vapour  with  oxygen,  the  peroxide  again 
being  reduced  to  water,  giving  up  its  extra  atom  of  oxygen  to  the  combus- 
tible. This  hypothesis  seems  to  be  inadequate  in  many  respects,  since 
many  actions  in  which  water  plays  an  important  part,  e.g,y  the  action  of 
sodium  on  chlorine,  or  the  combination  of  ammonia  and  hydrogen  chloride, 
free  oxygen  is  not  present,  and,  therefore,  hydrogen  peroxide  could  not  be 
formed. 

Mr.  Harcourt  first  suggested,  in  1886,  that  the  explanation  of  the  action 
was  to  be  sought  from  a  physical,  rather  than  from  a  chemical,  point  of 
view.  Dr.  Armstrong  proposed  in  the  same  year  a  hypothesis,  which  he 
calls  that  of  '  reversed  electrolysis,'  which  supposes  that  no  chemical  action 
can  take  place  without  the  presence  of  a  third  body,  which  must  be  an 
electrolyte.  With  regard  to  this  theory  I  hope  to  be  able  to  say  more 
later.  I  am  engaged  upon  an  investigation  whose  object  is  to  find  out 
what  substances  can  replace  water  in  chemical  action,  and  it  may  bo  found 
to  be  the  case  that  all  such  substances  are  electrolytes. 

I  have  been  engaged  during  the  last  two  years  in  an  effort  to  investi- 
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gate  the  question  whether  the  union  of  elements  and  compounds  was  in 
any  way  connected  with  electrical  discharge.  The  facts  of  electrolysis 
point  strongly  in  this  direction.  I  gave  up  at  once  the  idea  of  directly 
investigating  the  question  whether  molecules  of  gases  in  contact  were  elec- 
trically charged,  but  in  an  indirect  way  I  have  obtained  some  evidence  on 
the  question.  Taking  a  tube  divided  in  the  middle  by  a  tap,  and  filling  it 
with  a  mixture  of  dried  ammonia  and  hydrogen  chloride  gases  in  equal 
proportions,  I  introduced  at  the  two  ends  platinum  plates  which  were 
oppositely  charged  from  the  terminal  of  a  Wimshurst  machine.  After 
half  an  hour  the  tap  was  closed,  and  the  gases  in  the  two  parts  of  the  tube 
were  drawn  through  a  solution  of  litmus.  On  admitting  moisture  white 
fumes  of  ammonium  chloride  were  produced,  but  there  was  found  to  be 
residual  gas  in  both  halves  of  the  tube.  The  gas  from  the  part  which  had 
contained  the  negatively  charged  plate  turned  Htmus  blue,  and  the  gas  from 
the  other  part  reddened  the  litmus.  The  experiment  was  often  repeated, 
and  the  result  was  the  same.  The  separation  was  never  very  great,  but  the 
evidence  of  some  separation  seemed  conclusive.  With  other  gases  there  was 
also  evidence  of  separation.  With  air  dried  by  sulphuric  acid  there  was 
found  to  be  1*8  per  cent,  more  oxygen  in  the  part  containing  the  positive 
plate  tlian  there  was  in  that  containing  the  negative  plate.  Using  a  mixture 
of  hydrogen  and  oxygen  dried  by  phosphorus  pentoxide,  analysis  showed  an 
excess  of  2-3  per  cent,  of  oxygen  in  the  part  of  the  tube  containing  the 
positively  charged  plate. 

It  is  possible,  therefore,  that  the  molecules  of  gases  which  may  under 
certain  circumstances  combine  together,  may  have  an  electrical  charge.  I 
hope  to  extend  these  observations  to  the  case  of  other  gases,  and  to  find 
out,  if  possible,  whether  the  charge  on  the  molecules,  if  it  exists,  is  theirs  in- 
trinsically, or  if  it  only  exists  when  molecules  of  a  different  nature  are 
in  contact  with  each  other. 

With  the  object  of  finding  out  if  electric  dischai^e  bears  any  analogy 
to  the  process  of  chemical  combination,  I  undertook  some  experiments  a 
year  ago  to  see  if  electric  discharge  in  air  was  afiected  by  drying  the  air 
as  completely  as  possible.  It  was  found  that  sparks  from  a  RuhmkorflTs 
coil,  when  the  discharge  was  very  feeble,  would  leap  across  a  space  of 
moist  air,  but  that  none  would  pass  in  the  dried  air  though  the  sparking 
distance  was  very  much  less.  If,  however,  a  strong  discharge  was  used, 
sparks  were  obtained  in  the  dried  air,  and,  more  than  this,  the  feeble 
discharge  would  then  easily  pass  in  the  dried  air.  These  results  entirely 
agree  with  those  published  by  Professor  J.  J.  Thomson.^ 

I  am  inclined  to  think,  however,  that  there  may  be  another  interpreta- 
tion of  the  latter  part  of  the  phenomenon  besides  ^at  offered  by  Professor 
Thomson.  It  may  be  that  the  strong  discharge  splits  the  molecules  into 
atoms,  and  that  these  can  then  carry  on  the  feeble  discharge.  If  this  is 
proved  to  be  true,  it  will  serve  as  yet  another  point  of  analogy  between 
chemical  combination  and  electric  discharge,  for,  as  I  have  tried  to  show 
above,  chemical  combination  does  take  place  between  atoms,  whatever  the 
state  of  dryness  of  their  environment. 

With  regard  to  this  analogy  there  may  be  found  some  evidence  in  the 
study  of  the  action  of  actinic  light  on  chemical  combination  and  electric 
discharge.  We  find  that  when  a  mixture  of  chlorine  and  hydrogen  gases 
is  exposed  to  light,  combination  takes  place  only  after  a  certain  interval, 
and  that  the  interval  is  not  shortened  by  exposing  the  gases  separately  to 
the  action  of  light.  If  the  interval  is  spent  in  breaking  up  molecules  into 
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atoms  we  should  expect*  that  there  would  be  an  increase  in  volume.  This 
increase  in  volume  has  been  observed  hj  Pringsheim  with  the  mixed  gases, 
though  he  ascribes  it  to  another  cause.  I  have  undertaken  some  experi- 
ments with  unmixed  chlorine,  and  I  found  that  in  this  case  there  is 
absolutely  no  increase  in  volume. 

Now  with  regard  to  the  analogy  of  chemical  action  and  electric 
discharge  we  find  that  light,  and  light  of  the  same  kind  as  that  which 
brings  about  chemical  action,  has  a  remarkable  influence  on  the  passage 
of  the  electric  discharge.  This  phenomenon  was  first  noticed  by  the  late 
Dr.  Hertz,  who  found  that  when  the  negative  pole  of  a  spark  gap  was 
illuminated  by  an  actinic  light  a  discharge  would  pass  which  would  not 
pass  if  the  spark  gap  were  unilluminated.  It  may  be  that  the  action  of 
light  is  to  split  up  molecules  into  atoms,  and  that  the  ready  passage  of  the 
discharge  is  thus  explainable.  However  this  may  be,  I  think  that  the 
analogy  of  the  phenomena  of  electric  discharge  and  chemical  combination 
may  be  of  importance.  I  have  attempted  to  point  out  the  analogy  which 
exists  when  we  work  with  substances  which  are  in  an  exceptional  state  of 
dryness.  Whether  the  analogy  holds  for  other  influences  which  affect 
chemical  combination,  and  whether  the  analogies  which  I  have  indicated 
are  only  superficial  and  not  real,  can  only  be  decided  by  a  long  series  of 
experiments  to  which  I  hope  to  devote  myself. 


Repcni  an  Vlcunimeters.     By  Professor  0.  Henrici,  F.R.8. 
[Ordered  by  the  (General  Committee  to  be  printed  in  esetefuoJ] 

Several  classifications  of  planimeters  have  been  used  by  different  writers, 
and  different  names  have  been  used  to  distinguish  them. 

Mr.  Boys  distinguishes  three  types,  which  he  calls  Radius  Machines, 
Sine  or  Cosine  Machines,  and  Tangent  Machines. 

Professor  Hele-Shaw  has  two  classes  only,  according  as  the  recording 
apparatus  does  or  does  not  show  slipping. 

A  more  fundamental  classification  seems  to  be  got  on  considering  first 
of  all  the  geometrical  generation  of  the  area  by  the  motion  of  a  line.  This 
gives  us  three  types  :  the  first  follows  the  generation  of  an  area,  as  in  the 
Integral  Calculus,  by  rectangular  co-ordinates ;  the  second  by  polar  co- 
ordinates ;  whilst  the  third  is  based  on  purely  geometrical  considera- 
tions due  to  Amsler. 

In  the  following  Report  the  classification  adopted  is  : — 

Type    I.  Orthogonal  planimeters. 
„     IT.  Polar  co-ordinate  planimeters. 
„  III.  Planimeters'of  the  Amsler  type. 

Instruments  of  either  type  may  have  a  recording  or  integrating  appa- 
ratus with  or  without  slipping,  and  this  would  give  rise  to  subdivisions, 
which,  however,  it  is  not  necessary  to  elaborate  here. 

This  Report  covers  only  a  comparatively  small  part  of  the  subject  of 
integratx)rs  ;  it  deals  only  with  planimeters  proper.  Integrators  for  such 
purposes  as  the  continuous  registration  of  work  done,  integraphs  and 
instruments  for  the  integration  of  differential  equations,  harmonic  ana- 
lysers, &C.J  will  not  be  considered.  As  it  is  in  these  more  complicated 
instruments  that  the  injurious  effect  of  slipping  is  chiefly  noticeable,  a 
description  of  the  various  integrating  apparatus  will  not  be  given.     For 
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the  same  reason  the  work  of  MaxweU,  Lord  Kelvin,  Boys,  Abdank-Aba- 
kanowicz,  and  Hele-Shaw  will  remain  practically  unnoticed. 

With  regard  to  the  integrating  apparatus  in  particular,  there  is  the  well- 
known  paper  on  '  Mechanical  Integrators,'  by  Professor  Hele-Shaw,  in  the 
'  Proceedings '  of  the  Institute  of  Civil  Engineers  for  1885,  in  which,  besides, 
many  descriptions  with  figures  are  given  of  instruments  here  treated  of. 

In  this  Report  there  is  first  given  the  geometrical  theory  of  generating 
areas,  together  with  simple  descriptions  of  planimeters  based  on  it.  Then 
foUows  a  historical  sketch  up  to  the  invention  of  Amsler's  planimeter. 
Next,  this  instrument  is  considered,  its  errors  are  discussed  together 
with  those  more  modem  planimeters  which  have  been  constructed  with  a 
view  to  avoid  these  errors.  Lastly,  some  planimeters  are  described  which 
have  recently  been  introduced. 

The  object  of  a  planimeter  is  to  measure  an  area  ;  it  has,  therefore,  to 
solve  a  geometrical  problem  by  mechanical  means. 

To  give  at  once  an  idea  how  this  is  possible,  consider  a  very  simple  case. 

If  a  line  AB  (fig.  1)  of  finite  length  I  moves  parallel  to  itself  to  CD, 
where  AB  is  perpendicular  to  AC,  then  it  will  sweep  over  the  area  of  a 
rectangle  which  will  have  the  value  Iw  if 
u;=:AC.     Let  the  line  be  replaced  by  a  kig.  1. 

material  rod  QT,  and  let  a  wheel  W  be 
mounted  on  it.  On  placing  this  apparatus 
on  the  paper  above  the  line  AB,  the  wheel 
resting  on  the  paper,  and  moving  this  rod 
along  to  CD,  it  will  describe  the  same 
area.  At  the  same  time  the  wheel  will 
turn  and  the  arc  of  its  circumference,  which 
comes  in  contact  with  the  paper,  will  have 
the  length  w.  If  the  circumference  is 
graduated  and  a  fixed  index  is  provided,  say,  at  the  highest  pointy  the 
length  of  this  arc  can  at  once  be  read  off. 

This  arc,  as  read  off  at  the  index,  may  be  called  conveniently  the  '  roll ' 
of  the  wheel  (Macfarlane  Gray). 

This  instrument  may  be  considered  as  a  simple  planimeter,  which,  how- 
ever, measures  only  the  areas  of  rectangles  with  fixed  altitude,  and  is,  there- 
fore, practically  of  no  use.  Nevertheless  it  will  serve  to  elucidate  a  gx^at 
many  properties  common  to  nearly  all  planimeters. 

First  we  have  a  geometrical  generation  of  an  area  by  aid  of  a  moving 
line,  and  secondly  the '  recording  apparatus '  represented  by  the  wheel,  with 
its  graduation  and  index.  It  is  advisable  always  to  keep  these  two  ideas 
quite  separate.  The  one  is  geometrical^  the  other  kinematic.  The  former 
of  these  will  first  of  all  engage  our  attention. 

Obombtrical  Genbration  of  Arbas. 

Our  instrument  teaches  us,  if  the  'rod'  QT  is  moved  one  way,  the 
<  roll '  of  the  wheel  will  increase,  whilst  it  will  decrease  when  moved  in  the 
opposite  sense.  Hence  we  must  consider  the  'sense'  in  which  the  motion 
takes  place  ;  we  shall  call  the  one  motion  positive^  the  other  negative.  At 
the  same  time  we  shall  call  the  area  generated  positive  or  negative.  It 
will  be  seen  that  in  this  case  alone  will  the  area  always  be  measured  by  the 
*rolL' 

If  the  rod  QT  is  turned  round  so  that  Q  is  above  B,  and  T  above  A, 
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then  on  moving  the  rod  from  A  to  C  the  roll  will  be  negative.  We  there- 
fore say  that  the  area  generated  is  likewise  negative. 

This  shows  that  we  must  also  give  the  rod  QT  a  definite  sense,  and  we 
shall  take  this  as  positive  from  Q  to  T,  so  that  Q  is  the  beginning,  T  the 
end  of  the  rod.  A  reversion  of  this  sense  is  equivalent  to  a  reversion  of 
the  graduation  of  the  wheel.  To  fix  the  idea,  I  shall  suppose  that  on  looking 
(dong  ihs  rod  in  its  positive  sense — i.e.,  from  Q  to  T—^the  numbers  on  the 
graduation  of  the  wheel  increase  in  the  clockwise  sense: 

Under  this  supposition  the  line  QT,  when  placed  anyhow  on  the  paper, 
will  generate  a  positive  or  negative  area  accordine  as  it  is  moved  to  the 
left  or  to  the  right  respectively.     This  can  be  put  diflferently. 

BuLE  FOR  Sign  op  Area. 

Let  the  rody  or  generating  line^  QT  pass  over  a  point  P ;  tJien  the  area 
near  P  will  be  positive  if  to  a  person  standing  ai  P  and, looking  along  the 

positive  sense  of  tJie  rod  the  latter  moves 
I  Fig.  2.  from  hie  right  hand  to  his  left.     The 

area  will  he  negative  if  tJiis  motion  is 
from  left  to  right.  This  rule  holds  quite 
independently  of  the  length  of  the  gene- 
rating line.  In  fact,  as  it  is  stated,  a 
small  piece  of  the  line  in  the  neighbour- 
hood of  the  point  which  crosses  P  has 
alone  to  be  considered.  The  rule  will 
therefore  also  hold  if  the  line  should 
vary  its  length. 

More  than  this.  Let  the  line  turn 
about  Q  as  a  fixed  point  from  QT  to  QT'  {^g,  2).  It  will  now  sweep  over 
the  sector  of  a  circle  whose  area  is  \  QT'(^  if  ^  denotes  the  angle  of  turn- 
ing. A  wheel  W  at  the  distance  c  from  Q  will  record  a  roll  tt7=c9.  If 
QT=:?,  we  get,  therefore, 

Area  generated =^  ^*fl=i  l'^  — 

The  roU  of  the  wheel  will  thus  again  record  the  area.  This  will  be 
positive  for  counter-cloekwlBe  taming,  negative  if  the  turning  is  clockwise. 

If  the  wheel  should  be  mounted  on  the  continuation  of  QT  beyond  Q, 
then  c  will  be  negative  ;  so  will  be  the  ^  roll,'  and  the  result  will  be  posi- 
tive again.     It  will  thus  be  seen  that  our  rule  holds  also  for  this  case. 

First  Mode  of  Generating  an  Area. 

Consider  now  fig.  3.  Let  the  line  QT  start  at  A  A'  and  move  to  BB\ 
the  point  Q  remaining  always  on  OX  and  QT  perpendicular  to  the  latter, 
whilst  T  moves  along  the  curve  A'B'.  The  line  QT  will  now  generate 
the  area  ABB'A',  but  in  doing  so  it  will  continuously  change  its  length. 

With  regard  to  the  sense  of  the  area  the  rule  of  sign  holda  Henoe 
if,  in  fig.  4,  QT  moves  from  AA'  to  BB',  whilst  T  remains  on  the  lower 
branch  of  the  curve,  it  wDl  sweep  over  the  area  AA'C'B'B,  and  this  will 
be  n^ative.  But  if  now  the  point  T  moves  back  to  A'  on  the  upper 
branch,  then  the  area  BB'TA'A  will  be  swept  over  in  the  positive  sense. 
The  whole  area  generated  will  be  the  difference  of  these  two  areas — f.e.,  it 
will  be  the  area  of  the  given  closed  curve. 
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The  point  T  describes  during  this  process  the  whole  boundary  of  the 
area,  going  always  in  the  same  sense  along  it.  If  this  sense  be  changed, 
the  motion  of  QT  will  also  be  reversed,  and  consequently  the  area  will 
become  negative. 

This  shows  that  the  sense  of  cm  area  is  determined  by  the  sense  given  to 
its  boundary;  and,  further,  that  the  area  is  positive  if  it  lies  to  the  left  of  a 
person  who  goes  round  the  botmdary  in  its  positive  sense.  If  it  lies  to  the 
right  it  will  be  negative. 

In  the  application  of  the  Integral  Calculus  to  the  evaluation  of  areas 

Fia.  3. 


the  rule  of  sign  generally  adopted  is  in  case  of  rectangular  co-ordinates 
the  reverse  to  the  one  here  adopted;  in  using  polar  co-ordinates,  however, 
it  agrees  with  it.  As  it  would  be  very  inconvenient  to  use  here  two  rules, 
a  choice  had  to  be  made ;  and  I  consider  on  the  whole  the  rule  adopted  as 
the  one  most  generally  useful. 

If  the  closed  curve  cuts  itself,  as  in  fig.  5,  take  anywhere  in  the 


plane  a  line  OX,  not  shown  in  the  figure,  then  a  point  T  on  the  curve, 
and  draw  the  perpendicular  TQ  to  OX.  On  moving  T  along  the  whole 
curve  till  it  returns  to  its  starting-point  the  line  QT  will  sweep  over  a 
perfectly  definite  area,  and  this  is  taken  as  the  area  enclosed  by  the  given 
curve.  To  see  what  it  means  we  may  apply  again  the  rule  of  sign  and 
see  how  often  and  in  what  sense  the  Ime  QT  passes  over  any  given  point, 
it  will  be  found  that  every  point  without  the  curve  is  passed  over  either 

Digitized  by  VjOOQIC 


500 


REPORT — 1894. 


not  at  all,  or  else  as  often  in  one  as  in  the  opposite  sense.  Each  separate 
part  in  which  the  plane  is  divided  by  the  curre  will  be  swept  over  a 
certain  number  of  times,  which  is  easily  determined  by  applying  the  mle. 
In  the  figure  these  numbers  are  inserted. 


Fig.  5. 


This  generalisation  of  the  meaning  of  an  area  has  long  been  adopted 
in  geometry,  principally  through  the  writings  of  Mobius.  According  to 
Cremona,  it  was  first  given  by  De  Morgan.^ 


FiG.:6. 


To  build  a  planimeter  on  these  geometrical  lines  we  have  to  add  a 
suitable  recording  apparatus.  The  simple  wheel  rolling  on  the  paper  is  not 
any  longer  sufficient,  as  the  length  of  the  generating  line  or '  rod '  QT  varies. 

>  Camhr.  and  Dublin  Math,  Journ.^  vol.  v.  1850. 
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But  if  the  wheel  is  made  to  turn  faster  in  proportion  to  the  length  QT,  we 
should  have  what  is  wanted.  This  was  obtained  in  the  first  pknimeter  by 
making  the  wheel  run  on  a  cone. 

The  diagrammatic  drawing  (fig.  6)  will  simplify  the  description. 

A  frame  FF  is  made  movable  in  the  direction  of  the  line  OX,  either 
by  letting  it  run  on  rails  or  by  giving  the  wheels  milled  rims.  On  it 
rests  a  nxl  T'T  perpendicular  to  OX,  which  can  slide  to  and  fro  in  its 
own  direction.  It  ends  at  T  in  a  tracer  which  can  be  made  to  follow 
any  curve.  The  frame  also  carries  a  cone  YGC,  whose  axis  is  inclined  to 
the  paper,  so  that  the  upper  edge  is  horizontal.  Its  rim  CC  rests  on  the 
paper,  so  that  it  turns  when  the  frame  moves,  and  this  turning  will  be  pro- 
portional to  the  forward  motion.  Mounted  on  the  rod,  or,  as  in  the  figure, 
on  an  axis  parallel  to  the  rod,  is  a  wheel  W  resting  on  the  upper  edge  of 
the  cona 

If  the  rod  is  pushed  back  till  the  wheel  W  comes  to  V,  the  vertex  of 
the  cone,  then  T  will  come  to  Q  on  the  line  OX.  On  moving  T  along  this 
line  the  wheel  will  not  turn.  But  if  T  is  pulled  out  a  distance  QT=y, 
then  the  wheel  will  assume  a  position  W  in  the  figure  such  that  YW 
=:QT=y.  On  moving  the  frame  forward  the  roll  of  the  wheel  will  be 
proportional  to  y  and  to  the  forward  motion.  Hence  if  the  tracer  T  is 
^^ded  along  a  curve  from  A  to  B,  then  the  roll  will  be  proportional  to  the 
area  between  the  curve  and  the  axis  OX. 

Taking  rectangular  co-ordinates  OQ=a;  and  QT=:y,  we  have  in  the 

JB  . 
ydx^  and  the  roll  of 

the  wheel  will  be  proportional  to  this. 

This  planimeter  follows  in  its  construction  the  determination  of  an 
area  in  the  Integral  Calculus  using  rectangular  co-ordinates.  Planimeters 
of  this  type  have  therefore  been  called  orthogonal  planimeters  (Dr.  A. 
Amsler). 

If  the  tracer  is  moved  round  a  closed  curve  the  instrument  gives  the 
enclosed  area,  but  it  is  worthy  of  notice  that  the  reading  has  also  a  mean- 
ing if  the  curve  is  not  closed. 

Second  Mode  of  Genbrating  an  Abba. 

If  a  line  QT  of  constant  length  turns  in  the  plane  of  the  paper  about 
its  fixed  point  Q,  it  will  sweep  over  a  sector  of  a  circle.  If  this  generating 
line  has,  as  before,  a  positive  sense  from  Q  ft 

to  T,  it  will  be  seen  at  once  that  the  area  '^'   ' 

swept  over  will  be  positive  or  negative  ac- 
<;ording  as  it  turns  in  one  or  in  the  opposite 
sense.  It  will  also  be  seen  that  our  rule  of 
sign  will  again  serve  to  determine  the  sense, 
and  that  this  will  still  hold  if  the  length  of 
QT  is  variable. 

From  this  it  follows  : 

If  a  line  QT  of  variable  length  turns 
about  its  fixed  end  Q,  then  the  area  generated 
by  it  whilst  T  describes  a  closed  curve  wUl 
he  equal  to  the  area  botmded  by  this  curve. 

For  our  rule  shows  at  once  that  every 
point  within  the  curve,  if  this  does  not  cut  itself,  will  be  passed  over  once 
^fig.  7),  every  point  without  the  curve  either  not  at  all  or  as  often  in  one 
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sense  as  in  the  other.  The  point  Q  may  be  either  within  or  without  the 
area. 

If  the  curve  cuts  itself,  the  area  swept  over  will  be  the  same  as  in  Uie 
former  case  (fig.  5),  and  all  the  remarks  made  there  will  be  applicable. 

This  is  the  mode  in  which  areas  are  generated  when  using  polar  co- 
ordinates. Planimeters  based  on  this  principle  might  therefore  be  called 
polar  planimeters.  But  as  this  name  has  been  appropriated  for  an 
altogether  different  type,  I  call  these  simply  planimeters  of  Type  II.,  or 
Polar-co-ordinate  Planimeters. 

.  Third  Mode  op  Generating  as  Area. 

Whilst  in  the  last  two  cases  an  area  was  generated  by  a  line  of 
Tariable  length  which  had  either  a  motion  of  translation  or  a  motion  of 


turning  alone,  we  shall  now  suppose  that  a  line  has  both  motions  but  a 
constant  length. 

Let  QT  again  denote  the  generating  line  now  of  constant  length  L 
Let  it  be  moved  from  the  position  QqTq  {^g.  8)  to  a  near  position,  QT. 
This  motion  can  be  decomposed  into  a  small  translation  to  QT,  and  a 
turning  about  Q  which  brings  it  to  its  final  position,  QT.  For  both  these 
motions  our  rule  of  sign  holds  ;  it  will  therefore  also  hold  for  the 
actual  motion  of  the  line  where  both  motions  go  on  simultaneously.  On 
applying  the  rule  the  following  theorem  will  be  seen  to  be  true  in  which  a 
motion  of  a  line  is  called  cyclical  if  it  ultimately  returns  to  its  initial 
position  (compare  fig.  9). 

Theorem  1. — If  a  line  QT  o/  constant  length  performs  in  a  plane  a 
cyclical  motion,  then  the  area  generated  is  equal  to  the  area  enclosed  by  the 
path  of  the  end  point  T  diminished  by  that  enclosed  by  the  path  of  Q,  both 
areas  being  taken  in  their  proper  sense  as  determined  by  the  sense  in  v^ich 
each  boundary  is  described. 

Corollary, — If  the  point  Q  is  moved  to  and  fro  along  a  curve  so  that  *te 
path  does  not  enclose  an  area,  then  Hie  area  generated  wiU  be  equal  to  the 
area  enclosed  in  the  path  of  T. 

The  measurement  of  this  area  is  much  facilitated  by  the  following 
considerations.    Let  p  denote  the  perpendicular  distance  between  the 
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Fig.  9. 


position  QqTq  and  QT„  and  0  be  the  angle  through  which  the  rod  is  tamed. 

The  area  generated  by  the  first  step,  the  translation,  is  then  =  Jp^  the  area 

of  the  sector  is  ^  Pd,    The  whole  area  swept  oyer  by  the  rod  is  the  sum  of 

the  areas  due  to  the  successive  elementary 

steps.     It  consists,  therefore,  also  of  two 

parts,  the  first  being  due  to  the  elementary 

translations  and  equals  iSpy  where  2p  is  the 

sum  of  all  the  lateral  displacements  of  the 

rod.   The  second  part  consists  of  the  sum  of 

all  the  sectors  of  circles  described  by  the 

turning  of  the  rod,  and  equals  ^  ^26^,  where 

^d  denotes  the  sum  of  cJl  the  elementary 

turnings,  and  this  is  the  same  as  the  total 

turning  of  the  rod.     But  the  rod  returns 

to  its  original  position.     The  angle  29  is 

therefore  either  =  0  or  it  is  a  multiple  of 

2  IT,  which  will  happen  if  the  rod  has  turned 

round  once  or  several  times.     This  gives — 

Theorem  2. — If  a  rod  of  finite  length  per- 
forms a  cyclical  motion  ivithout  UselfmtJdng 
a  complete  rotation,  then  the  area  swept  over 
equals  thaJt  generated  by  the  successive  mo- 
tions of  translation  only  ;  but  if  it  completes 
11  rotations,  then  to  this  quantity  has  to  be 
added  nw\\  t.«.,  n  times  the  area  of  a  circle  of  radius  1. 

To  construct  a  planimeter  on  these  principles,  let  the  rod  QT  be  con- 
nected by  an  articulated  joint  at  Q  to  another  rod  OQ,  which  shall  m 
future  be  called  the  <arm '  {^g.  10).    Let  this  arm  have  at  O  a  needle 


Fio.lO. 


point  which  can  be  pressed  into  the  drawing-board.  This  being  done,  the 
point  Q  will  be  restrained  to  move  on  a  circle,  whilst  T  can  be  guided  by 
hand  along  any  curve.  The  point  O  is  called  the  pole  of  the  instrument 
and  l^e  latter  is  therefore  generally  called  a  Polar  Flanimeter, 
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Let,  now,  T  be  moved  round  a  closed  curve  whilst  the  pole  is  outside 
its  area  (fig.  10).  The  point  Q  moves  to  and  fro  along  the  circle  and 
returns  to  its  original  position  when  T  does  so.  The  motion  of  the  rod 
will  therefore  be  cyclical.  An  exception  can  only  occur  if  during  the 
motion  rod  and  arm  should  become  stretched  out  to  their  fullest  extent, 
and  on  moving  on,  Q  should  be  allowed  to  move  the  wrong  way.  This 
can  always  be  easily  avoided. 

The  corollary  to  Theorem  1  is  therefore  applicable.  It  says  that 
the  area  is  equal  to  the  area  generated  by  the  rod  QT.  But  this  area, 
according  to  Theorem  2,  equals  the  area  generated  by  the  motions  of 
translation  alone,  and  this  can  be  recorded  by  a  simple  wheel.  Let  there 
be  mounted  anywhere  on  the  rod  a  wheel  W,  at  a  distance  c  from  Q. 

If  a  small  motion  of  the  rod  be  decomposed  as  before  (£g.  8),  the 
wheel  will  move  along  the  line  WqW'  during  the  translation  and  along  the 
arc  WW  during  the  turning.  The  first  may  again  be  decomposed  in  the 
motion  from  WqW",  whereby  the  rod  describes  the  area  pi  whilst  the 
wheel  rolls,  the  amount  of  its  *  roll '  measuring  /?,  and  the  motion  W  W, 

Fig.  11.  Fig.  12. 


during  which  the  rod  slides  along  itself  and  the  wheel  slips  along  the 
paper  without  rolling. 

During  the  turning  the  wheel  will  roll  along  the  arc  WWssscd.  The 
whole  roU  during  an  elementary  step,  which  will  be  denoted  by  tr,  is 
therefore 

w=:p-\-cd,  ,\p=u'^c8 

We  found  the  area  swept  over 

For  the  whole  area  A  we  have,  therefore. 

In  the  case  under  consideration  26=0.  At  the  same  time  ^lo  is  the 
whole  roll  of  the  wheel.     If  we  denote  this  simply  by  w,  we  get 

A=Zm; 

In  the  case  where  the  pole  lies  within  the  area,  as  in  fig.  11,  we  have 
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26=2jr,  and  consequently  the  area  generated  by  the  rod  is  the  area  A 
enclosed  by  the  cun^e  less  the  area  of  the  circle  with  radios  OQ=a.  The 
former  is  Zt<7+(^  l^—cl)  2w,  In  order  to  get  A,  the  area  aV  of  the  circle 
has  to  be  added.     This  gives 

A=ZM;+(a«  +  P-2cZ)7r 
or  writing 

a«  +  P-2cZ=7-^ 
we  have 

Here  r^n-  is  dependent  on  the  dimensions  of  the  instrument  only,  and  is, 
therefore,  for  each  instrument  a  constant  C,  so  that 

A=/w  +  C 

The  geometrical  meaning  of  this  constant  is  easily  found. 
If  the  instrument  is  placed  in  such  a  position  that  the  plane  of  the 
wheel  passes  through  the  pole  O,  we  get,  as  in  fig.  12, 

r'^=^a^  +  P^2ac 

C=r-n-  is  therefore  the  area  of  a  circle  with  the  radius  r  thus  fixed. 
In  fact,  if  T  is  moved  round  the  circumference  of  this  circle  the  wheel  will 
slip  over  the  paper  without  rolling.  Therefore,  m;=0  and  A  ^^  C,  as  it 
ought  to  be.     This  circle  is  sometimes  called  the  JBase-circle. 

It  may  be  noticed  also  that  for  any  other  path  of  T  the  wheel  will 
always  turn  and  slip.  The  amount  of  this  slipping  during  the  small 
motion  considered  before  (fig.  8)  is  equal  to  WW',  or  if  «  denotes  the 
length  QoQ,  and  €  the  angle  which  the  axis  of  the  wheel  makes  with  the 
direction  WqW  of  its  motions,  then 

the  roll  is  p=:8  sin  f, 
the  slipping  S=s  cos  f. 


History  op  Planimetebs  up  to  1856. 

From  an  article  published  by  Bauemfeind,  of  Munich,  in  Dingler's 
*  Polytechnisches  Journal,'  vol.  137,  p.  82,  it  appears  that  the  Bavarian 
engineer  J.  M.  Hermann  invented  a  planimeter  in  1814.  This  was  im- 
proved by  Lammle  in  1816,  and  carried  out  in  the  following  year.  No- 
thing, however,  was  published  about  it,  and  the  instrument  was  forgotten, 
without  having  any  influence  on  the  further  history  of  the  planimeter  and 
its  development. 

In  1824,  the  Italian  Tito  Gonnella,  professor  at  Florence,  invented  a 
planimeter  very  much  on  the  same  lines  as  Hermann — viz.,  an  instrument  of 
Type  I. 

In  the  following  year  he  published  *  Teoria  e  descrizione  d'  una  macchina 
colla  quale  si  quadrano  le  superficie  plane.  DalF  Antologia  .  .  .  dell'  anno 
1825.  Tomo  18.  Al  gabinetto  scientifico  e  letterario  di  G.  P.  Yieusseaux, 
Firenze,  direttore  ed  editore.     Tipografia  di  Luigi  Peggati,  1825,  Firenze.' 

This  paper  is  short  and  without  figures.  Later  on  he  gave  a  fuller 
description  in  his  *Opuscoli  Matematici'  (Firenze,  1841).  Both  pub- 
lications appear  to  have   remained  practically  unknown  till  Professor 
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Anton  Favaro,  of  Padua^  called  attention  to  them  in  his  '  Beitrage  zur 
C^eschichte  der  Planimeter '  (*  Allgemeine  Bauzeitang,'  Wien,  1873).  In 
this  paper  it  is  pointed  out  that  Gonnella,  even  though  anticipated  in  the 
invention  by  Hermann,  was  the  first  to  publish  anything  about  a  Plani- 
meter. 

His  first  instrument  was  of  Type  I.,  with  the  recording  wheel  rolling 
on  a  cone  as  described.     Soon  after  he  replaced  the  cone  by  a  disc. 

Gonnella  had  one  instrument  made,  but  it  seems  he  was  unable  from  the 
want  of  skilled  labour  in  Florence  to  obtain  a  well-executed  piece  of  me- 
chanism. When  the  Archduke  of  Tuscany  wished  to  add  a  well-made  plani- 
meter to  his  collection,  Gonnella  looked  for  its  execution  to  Switzerland, 
where  the  flourishing  watch  industry  had  developed  accurate  workmanship. 
He  accordingly  sent^  in  1825  and  1826,  through  a  Florence  merchant, 
numbers  of  drawings  to  different  firms  in  Switzerland,  without,  however, 
succeeding  in  getting  what  he  wanted. 

In  1826  the  Swiss  engineer  Oppikofer  invented  a  planimeter,  and  this 
was  made  in  the  following  year.  How  much  he  had  heard  of  GonneUa's 
invention  or  of  Hermann's  cannot  now  be  decided.  It  is,  of  course,  quite 
possible  that  he  should  have  made  an  independent  discovery.  Bauem- 
feind  estimates  that  at  that  time  about  a  billion  areas  had  annually 
to  be  evaluated  in  Europe.  He  also  gives  in  the  paper  quoted  a  pretty 
long  list  of  various  contrivances  for  facilitating  this  work,  and  which, 
by  the  way,  were  called  planimeters  (they  were  not  integrators).  The 
problem  was,  therefore,  one  that  pressed  for  a  solution,  and  it  would  be 
quite  in  conformity  with  other  instances  in  the  history  of  science  that 
several  men  should  perfectly  independently  make  the  same  invention. 
Nevertheless,  there  is  a  possibility  if  not  probability  that  Oppikofer  should 
have  heard  of  Gonnella's  invention.  Anyhow,  it  is  his  instrument  which 
became  the  starting-point  of  the  further  development  of  planimeters. 

Oppikofer,  it  seems,  put  himself  in  communication  with  the  mechani- 
cian Ernst  in  Paris  (before  1836)  to  introduce  the  instrument  in  France. 
Thus  it  comes  that  planimeters  of  Type  I.  are  known  in  France  by  the 
name  of  Ernst,  who  improved  them  and  made  them  practical  instru- 
ments. He  retained  the  wheel  rolling  on  a  cone,  although  Gonnella  had 
already  in  1825  replaced  the  cone  by  a  horizontal  disc.  Ernst  received, 
in  1837,  a  portion  of  the  Montyon  Prize  as  a  reward. 

It  will  be  remembered  that  the  cone  allows  only  of  positive  ordinates 
of  the  curve.  The  engineer  Wetli,  of  Zurich,  tried  (1849)  to  remedy  this  by 
using  two  cones  with  their  vertices  opposite,  so  that  the  upper  edges  of 
both  formed  one  straight  line.  In  order  to  make  the  path  for  the  wheel 
continuous  he  meant  to  cover  both  with  one  disc  to  be  turned  by  the  cones. 
But  then  he  found,  of  course,  that  he  could  do  without  the  cones  if  only  he 
drove  the  disc  so  that  its  rotation  was  proportional  to  the  side  motion  of 
the  line  QT.  Having  the  idea  of  the  disc  given,  we  see  at  once  that 
this  disc  is  only  a  special  case  of  a  cone  which  has  degenerated  into  a 
plane,  but  it  is  always  of  interest  to  learn  the  roundabout  way  in  which 
improvements  are  made.^ 

This  improvement  was,  as  has  already  been  mentioned,  anticipated  by 
Gonnella,  but  was  now  introduced  practically.  Disc-planimeters  were 
made  by  Starke  in  Vienna  under  the  name  of  Wetli-Starke  Planimeters. 
They  were  improved  by  the  astronomer  Hansen,  of  Seeberg,  near  Gotha, 

•  These  data  concerning  Weill's  invention  of  the  disc  I  owe  to  Coradl,  to  whom 
the  late  Professor  Harlacher  in  Prag  had  communicated  them. 
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and  became,  as  executed  by  Ansfeld  in  that  town,  instruments  of  very 
great  accuracy,  known  as  the  Wetli- Hansen  Planimeters.  A  description 
with  figure  is  given  by  Bauemf eind  in  the  *  Proceedings '  of  the  *  Poly- 
technischer  Verein  fiir  das  Konigreich  Bayem,*  1853,  pp.  130-147,  and 
213-244.  The  figure  is  copied  in  Prof.  Dyck's  *  Catalogue  of  the  Mathe- 
matical Exhibition,'  Nachtrag,  p.  32,  Munich,  1893. 

The  disc  is  turned  by  aid  of  a  silver  wire  which  is  attached  to  the  rod 
QT  and  slung  round  a  pulley  on  the  axis  of  the  disc,  so  that  here  rod  and 
carriage  have  interchanged  their  rdle. 

Among  Hansen's  improvements  one  may  be  mentioned,  as  I  have 
recently  heard  of  it  as  a  new  American  improvement.  The  tracer  T  is 
replaced  by  a  piece  of  glass  with  a  small  circular  mark  on  it  which  is 
guided  along  the  curve.  A  lens  above  the  glass  serves  to  make  the  guiding 
more  accurate.  This  form  of  a  tracer  is,  however,  straining  to  the  eye,  and 
seems  only  of  use  where  areas  have  to  be  determined  with  great  accuracy. 

In  England,  John  Sang  made  a  planimeter  which  is  described  in  the 

*  Civil  Engineer  and  Architect's  Jo  arnal,'  1851,  p.  505,  and  also  in  the 

*  Transactions '  of  the  Royal  Scottish  Society  of  Arts,  vol.  iv.  Bauernf  eind 
says  that  it  differs  from  that  by  Ernst  '  fast  gar  nicht.' 

It  was  exhibited  at  the  Great  Exhibition  in  1851,  and  obtained 
honourable  mention,  whilst  Gonnella  received  a  Council  medal  and  Wetli 
a  prize  medal.  Ausfeld  also  exhibited  a  planimeter,  which  is  described 
as  invented  by  Dr.  Flaussen  (probably  an  error  for  Hansen),  of  the 
Observatory  of  Seeberg.  Of  this  instrument,  which  received  honourable 
mention,  I  have  not  found  any  further  description  than  that  it  had  a 
wheel  rolling  on  a  disc.  It  was  most  likely  the  modification  of  Wetli's> 
referred  to  above. 

These  exhibits  are  of  importance  in  the  history  of  planimeters,  because 
they  drew  Maxwell's  attention  to  the  subject,  on  which  he  communicated 
early  in  1855  a  paper  to  the  Royal  Scottish  Society  of  Arts  ('Trans- 
actions,' vol.  iv.,  and  'Collected  Papers,'  vol.  i.  p.  230).  In  this  he 
points  out  the  deleterious  effect  of  the  slipping  of  the  recording  wheel 
on  the  cone  or  disc,  and  then  proceeds  to  the  description  of  a  new  recording 
apparatus,  in  which  the  wheel  rolling  on  a  cone  or  disc  is  replaced  by  a 
sphere,  which  rolls  without  slipping  on  an  equal  sphere.  It  is  a  most  beautiful 
contrivance,  but  it  has  never  been  carried  out.  It  may,  however,  be  con- 
sidered as  the  starting-point  of  all  integrators  which  work  without  slipping. 

Maxwell  describes  two  planimeters  having  this  new  contrivance,  the 
one  belonging  to  Type  I.,  the  other  to  Type  II. 

About  this  time  Josef  Stadler,  of  Eisenerz,  in  Styria,  constructed  a 
planimeter  of  peculiar  character.  It  works  without  slipping,  and  is  in  many 
respects  of  interest  on  account  of  the  peculiar  integrating  apparatus  used. 

The  tracer  T  is  fastened  to  a  bar  whose  motion  is  constrained  to  remain 
parallel  to  the  axis  of  x.  Rigidly  connected  with  this  is  a  thin  cylinder, 
which  can  turn  about  an  axis  parallel  to  the  bar,  hence  to  the  axis  of  x. 
This  cylinder  rests  on  a  surface  of  revolution  movable  about  its  axis  a, 
which  is  parallel  to  the  axis  of  y.  If  the  tracer  be  moved  in  the  direction 
of  the  ^,  the  cylinder  will  roll  along  a  meridian  curve  of  the  surface  of 
revolution,  but  the  latter  will  remain  at  rest.  A  motion  of  the  tracer  in 
the  direction  of  the  x  will  puU  the  cylinder  across  the  surface  of  revolution, 
and  therefore  make  it  revolve  to  an  extent  which  is  proportional  to  the 
distance  of  the  point  of  contact  from  its  axis  a.  If  z  denotes  this  distance, 
and  y  the  distance  of  the  tracer  from  the  axis  of  x,  i.e.,  the  generating  line 


Digitized  by  VjOOQIC 


508  REPORT— 1894. 

QT,  then  the  turning  of  the  surface  of  revolution  will  measure  the  area, 
provided  that  zy  remains  constant.  In  order  that  this  condition  may  be 
satisfied,  the  meridian  curve  of  the  surface  of  revolution  must  be  a  solution 
of  a  differential  equation  of  the  first  order  and  the  second  degree.  An 
integral  of  this  equation  cannot  be  found  in  a  finite  form,  but  an  equi- 
lateral hyperbola  revolving  about  an  asymptote  satisfies  the  condition  very 
nearly.  In  the  instrument  made  this  hyperbola  was  corrected  by  actual 
trial.  It  will  be  seen  that  there  is  no  slipping.  The  difficult  construction 
of  the  surface  of  revolution  makes  it  doubtful  whether  a  very  great  accu- 
racy is  obtainable.  But  as  Dr.  A.  Amsler,  who  called  my  attention  at  the 
Munich  Exhibition  to  this  model,  pointed  out  to  me,  the  principle  might  be 
useful  in  the  construction  of  integrators  designed  for  special  purposes. 

Stadler  had  a  first,  and  as  it  seems  an  only  instrument  made  in  1855, 
which  is  now  in  the  possession  of  the  Technische  Hochschule  in  Gratz.  It 
was  exhibited  in  Munich.  Stadler  published  an  account  of  it  in  the  journal 
'  Erfahrungen  im  berg-  und  hiittenmannischen  Bau-  und  Aufbereitungs- 
wesen,'  edited  by  Rittinger,  1857.  It  seems  to  have  remained  practically 
unknown  till  the  Munich  Exhibition.  In  Dyck's  '  Catalogue '  is  a  full 
account  of  it  by  Professor  Lichtenfels,  of  Gratz. 

It  appears  that  Stadler,  in  the  out-of-the-way  place  where  he  lived,  had 
heard  of  planimeters,  but  was  not  acquainted  with  their  construction. 


Planimeters  of  Type  II. 

Of  Polar-co-ordinate  planimeters  Amsler  mentions  three  (Appendix  to 
his  paper  of  1856)  proposed  by  Gierer,  of  Fiirth,^  by  Bouniakovsky,  of 
St  Petersburg,  and  by  Decker,  of  Augsburg  (the  last  two  describ^  in 
Dingler's  *  Pol.  Joum.,'  vol.  cxL).  Each  has  a  recording  wheel  rolling  on 
the  paper  whose  axis  passes  through  a  fixed  point  Q,  whilst  its  distance 
from  Q  is  always  proportional  to  the  square  of  the  distance  of  the  tracer 
T  from  Q.  In  Gierer's  instrument  the  wheel  is  kept  in  the  required 
position  by  aid  of  a  guiding  curve,  in  the  other  two  by  aid  of  link-work. 

One  of  Maxwell's  planimeters  belongs  to  this  type,  and  so  does  one  by 
C.  V.  Boys.*  Both  were  invented  with  the  object  of  avoiding  all  slipping 
in  the  recording  apparatus,  which  is  too  complicated  for  an  instrument 
designed  simply  for  the  determination  of  areas. 

Lastly,  there  is  an  instrument  described  by  W.  B.  Bousfield  in  the 
discussion  of  Hele-Shaw's  paper  *0n  Mechanical  Integrators.*'  In  it 
guide  curves  are  used. 

None  of  these  planimeters  has^  so  far  as  I  know,  ever  been  made. 
Of  Boys'  a  model  is  to  be  found  in  the  Science  collection  at  South  Ken- 
sington. 


Ambler's  Planimetbr  and  its  Development. 

Whilst  planimeters  of  Type  I.  were  gradually  reaching  a  state  of 
great  perfection,  Amsler  invented  his  polar  planimeter,  which,  in  conse- 
quence of  its  simplicity,  handiness  in  use,  and  low  price,  soon  drove  all  the 

»  Programm  der  Otnterhs-  nnd  Handelssehule  zu  Furtk^  18||. 

«  Phil  Mag.,  1882,  p.  83. 

'  Proo.  Jnst.  Civ.  £ng.,  vol.  Ixxxii.  part  iv. 
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older  forms,  which,  when  well  made,  were  necessarily  expensive,  out  of  the 
field. 

Jacob  Amsler,  as  I  have  been  told  by  the  late  Prof.  Hesse,  was  at  the 
time  a  student  at  Konigsberg,  where  Prof.  Franz  Neumann  encouraged 
his  students  to  work  at  the  lathe  and  otherwise  use  their  hands.  He  thus 
was  enabled  to  make  his  first  instrument  with  his  own  hands  in  about  1854. 
His  first  publication  about  it  is  '  Ueber  die  mechanische  Bestimmung  des 
Flacheninhalts,  der  statischen  Momente  und  der  Tragheitsmomente  ebener 
Figuren,  insbesondere  iiber  einen  neuen  Planimeter,'  *  Vierteljahrsschrift 
der  naturforschenden  Gesellschaft  in  Ziirich,'  1856  3  also  in  Moigno'a  ' 
journal,  '  Cosmos,'  February  29,  1856.  This  planimeter  is  so  well  known  - 
that  no  description  is  necessary  beyond  what  has  been  said  already  about 
planimeters  of  Type  III.  Many  thousands  of  them  have  been  manufactured 
by  Amsler  at  his  works  in  Schaffhausen,  and  though  in  England  many 
are  sold  with  the  name  of  an  English  firm  engraved  on  them,  practically  all 
have  come  from  Schaffhausen. 

The  instrument  has  practically  remained  unaltered  since  its  invention. 

It  is  made  either  with  a  rod  QT  of  invariable  length,  giving  the  area, 
say,  in  square  inches,  or  with  a  rod  of  which  the  length  may  be  Ranged  so 
that  the  same  instrument  can  be  set  to  give  the  area  in  different  units. 

To  the  latter  Amsler  has  added  on  the  top  of  the  rod  a  pointer,  and 
another  on  the  '  sleeve '  in  which  the  rod  slides.  These  are  at  a  distance 
equal  to  that  between  the  tracer  T  and  the  joint  at  Q.  It  is  thus  possible 
to  set  the  instrument  so  that  the  length  I  of  the  rod  equals  the  greatest 
extension,  parallel  to  a  given  line,  of  the  area.  The  reading  of  the  instru- 
ment is  then  proportional  to  the  mean  height  of  the  area  perpendicular 
to  that  line.  This  is  especially  useful  for  finding  the  mean  pressure  directly 
from  an  indicator  diagram. 

Mr.  Druitt  Halpin  has  added  a  simple  locking  gear  to  the  recording 
wheel,  so  that  the  instrument  can  be  taken  up  without  moving  the  wheel. 
This  has  the  advantage  that  the  instrument  can  be  placed  in  a  good  light 
for  reading,  but  it  is  also  particularly  useful  in  cases  where  the  mean 
pressure,  as  determined  from  a  great  number  of  indicator  diagrams,  is 
required.  The  instrument  may  be  set  to  zero,  then  locked,  placeid  on  the 
paper,  and  one  diagram  after  the  other  run  over,  the  wheel  being  always 
locked  whilst  the  diagrams  are  being  changed.  The  final  reading  divided 
by  the  number  of  diagrams  used  gives  the  mean  at  once. 

For  the  mere  facility  of  reading  another  recent  improvement  is  of  far 
greater  importance.  It  consists  in  replacing  the  reflecting  surface  of  white 
metal  on  which  the  graduation  used  to  be  engraved  by  the  matt  white  of 
celluloid  with  black  Imes  on  it. 

Of  the  many  theories  of  Amsler's  planimeter  which  have  been  given — 
and  their  name  is  legion — most  make  use  of  the  Integral  Calculus. 

J.  Amsler  starts  with  geometrical  considerations  similar  to  those  which 
I  have  given  at  the  beginning.  With  these  I  became  ori^ally  acquainted 
through  Culmann's  *Graphische  Statik.'  They  give,  in  my  opinion,  the 
quickest  access  to  the  real  nature  of  all  planimeters. 

The  other  theories  serve  as  examples,  and  some  as  very  good  illustra- 
tions, of  the  use  of  curvilinear  co-ordinates. 

Here  it  may  be  remarked  that  the  integration  as  performed  by  the 
planimeter  gives  really  a  line-integral,  and  many  of  the  proofs  which  start 
with  the  evaluation  of  an  element  of  the  area  are  examples  of  transforming 
an  integral  over  an  area  into  a  line-integral  over  the  boundary ;  hence  they 
are  simple  examples  of  Stokes'  Theorem.  r-  ^^^  1  p 
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Dr.  A.  Amsler  in  his  valuable  paper,  *  Ueber  den  Flacheninhalt  and 
das  Volumen  durch  Bewegung  erzengten  Curven  und  Flachen,  iind  iiber 
mechanische  Integrationen '  (Inaugural  Dissertation,  Schaffhausen,  1880), 
starts  with  proving  that  the  area  passed  round  by  the  tracer  equals 

Zlsina.^^ 

where  ds  is  an  element  of  the  boundary  and  a  the  angle  it  makes  with  the 
rod,  the  integration  being  taken  over  the  whole  boundary.  It  is  therefore 
a  true  line-integral. 

Where  the  only  object  is  to  explain  Amsler's  planimeter,  Macfarlane 
Gray's  theory  is  perhaps  the  simplest.  It  is  given  in  Carres  *  Synopsis  of 
Mathematics.' 

In  1855,  hence  at  very  nearly  the  same  time  as  Amsler,  Prof.  Miller 
Hitter  von  Hauenfels  invented  a  planimeter  based  on  the  same  principles 
as  Amsler's.  It  is  described  in  the  '  Handbuch  der  niederen  Geodasie ' 
(2nd  to  7th  ed.),  by  Prof.  Fr.  Hartner,  and  also  in  Dyck's  *  Catalc^e,' 
p.  190.  Gustav  Starke,  of  Vienna,  simplified  the  arrangement  of  the 
recording  wheel,  and  manufactured  '  in  the  course  of  years  hundreds  of 
them.'    It  is  known  as  the  Miller-Starke  Planimeter. 

As  Amsler's  polar  planimeter  is  universally  used,  the  following  discus- 
sion of  its  errors  may  be  of  interest. 

First  error  :  The  diameter  of  the  wheel  and  the  length  of  the  '  rod  ' 
are  not  in  the  proper  relation — i.e.,  if  u  is  the  unit  division  of  the  recording 
wheel,  I  the  length  of  the  rod,  the  product  lu  does  not  give  the  accurate 
unit  of  area  intended.  This  error  is  generally  very  small.  Otherwise  all 
readings  have  to  be  multiplied  by  a  factor  of  reduction. 

Second  error :  The  axis  of  the  wheel  is  not  parallel  to  the  rod,  but 
makes  an  angle  e  with  it. 

If  W  is  the  '  roll '  of  the  wheel  and  S  the  slipping  (due  to  translation 
of  the  rod  only),  the  area  then  is 

Ass^cos  £.W-fZsin  e,S+nvP 

Or,  as  £  is  practically  very  small, 

A=rW+ZS£+WTZ« 

This  introduces  an  error,  ZSf,  which  may  be  appreciable. 

If  a  rod  QT'  be  fixed  to  the  rod  QT,  making  an  angle  c  with  the  normal 
to  the  latter  and  of  equal  length  to  it,  then,  whilst  T  describes  the  boundary 
of  the  area  A,  the  point  T'  will  describe  another  closed  curve.  The  area 
bounded  by  this  curve  is  SI.  This  area  will  often  be  small,  but  it  is  easy 
to  draw  curves  for  which  it  is  considerable,  by  guiding  T'  round  an  area 
of  considerable  size.  If  T  circumscribes  an  area  A,  and  T'  an  area  A', 
then  the  error  S  in  A  will  be  A'  sin  f,  aod  that  in  A'  will  be  A  sin  f. 

This  error  has  been  investigated  by  Herr  Wilski  in  *  Zeitschrift  fur 
Yermessungswesen,'  1892,  p.  610. 

In  the  same  journal  for  1894,  Herr  Lang  has  shown  how  to  eliminate 
it.  About  this  more  will  be  said  presently  in  connection  with  the  Lang- 
Goradi  Planimeter. 

Third  error  :  The  axis  of  the  joint  at  Q  between  the  arm  OQ  and  the 
rod  QT  is  not  perpendicular  to  the  paper — i.6.,  not  parallel  to  the  axis  about 
which  the  instrument  turns  at  O.     See  Wilski's  paper. 
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Fourth  error  :  Due  to  slipping  of  the  wheel.  This  is  the  error  on  which 
Maxwell  dwelt  strongly. 

This  error  increases  with  the  amount  of  slipping,  with  the  friction 
resisting  the  slipping,  and  lastly  with  the  resista;ice  to  the  turning  of  the 
wheel. 

In  order  to  reduce  this  error,  the  above  three  causes  have  to  be  dimin- 
ished. This  has  led  to  a  number  of  new  constructions,  which  have  to  be 
discussed  presently.  It  may  here  be  stated  that  the  third  has  led  to  the 
introduction  of  a  '  disc/  as  used  in  the  planimeters  of  Type  I.,  on  which 
the  wheel  rolls.  The  rough  paper  is,  therefore,  replaced  by  a  smooth  pre- 
pared surface. 

To  reduce  the  resistance  to  the  turning  of  the  wheel,  mechanical  skill 
alone  can  help. 

But  to  reduce  the  first  cause  we  have  to  investigate  the  amount  of  slip- 
ping at  difiTerent  positions  of  the  rod  of  the  instrument  relative  to  the  arm. 
If  it  be  placed  in  such  a  position  that  the  plane  of  the  wheel  passes  through 
the  pole  O,  and  if  now  the  instrument  be  moved  as  a  rigid  body,  then  tibe 
tracer  will  describe  a  circle.  At  the  same  time,  the  wheel  will  not  roll,  but 
only  slip.  This  circle,  formerly  referred  to  as  the  hase-ciTcle^  will  be  the 
locus  of  greatest  slipping. 

If  the  tracer  be  moved  along  this  circle  there  should  be  no  turning,  and 
there  will  be  none.  Hence,  on  this  circle  itself,  the  error  due  to  slipping 
will  be  zero.  If,  however,  the  tracer  be  moved  on  a  concentric  circle  a 
little  inside  the  base-circle,  then  rolling  will  take  place  in  one  sense,  but 
on  a  circle  a  little  outside  in  the  opposite  sense.  In  either  case  there  will 
be  much  slipping,  causing  an  error.  This  error  will  be  proportional  to 
the  length  of  the  path  of  the  wheel,  t.e.,  to  the  roll ;  hence,  on  moving 
the  tracer  parallel  to  the  hasec-ircle^  but  at  an  increased  distance  from  it, 
the  error  will  increase  on  account  of  the  increased  roll,  and  decrease  on 
account  of  the  decreased  slipping.  It  will  soon  reach  a  maximum,  and 
then  diminish.  The  same  is  true  outside  the  base-circle,  only  the  error 
will  be  of  the  opposite  sense.* 

It  becomes  thus  apparent  that  the  error  due  to  slipping  is  dependent 
on  the  position  of  the  pole  relative  to  the  area,  and  also  that  with  changing 
the  position  of  the  pole  the  errors  change  in  an  apparently  haphazard 
manner. 

It  is  of  interest  to  compare  these  results  with  practical  tests. 
Wilski  points  out  that  there  are  certain  positions  of  the  pole  for  which 
the  record  of  the  wheel  becomes  a  maximum,  others  for  which  it  is  a 
minimum.  This  is  explained  by  supposing  that  in  these  cases  a  part  of 
the  boundary  of  the  area  is  parallel  and  near  the  base-circle  either  on  the 

»  I  have  just  (October  30)  i«oeived  from  Coradi  a  paper  by  Lang  (reprint  from 
the  AUgemeine  Vermessungg-i^^aehriekten^  1894)  in  which  he  discnnes  the  errors 
of  an  Amsler  Planimeter,  and  remarks  that  the  tracer  T  can  be  moved  from  any 
position  BO  that  the  wheel  will  only  slip  without  rolling.  This  is  obvious  when 
pointed  out.  These  paths  are  spirals,  one  through  every  point,  which  approach  the 
base  circle  asymptotically  either  from  within  or  from  without,  so  that  there  are 
two  sets  of  these  curves,  all  of  one  set  being  congruent.  My  reasoning  in  the  text 
must  therefore  be  extended  to  these  spirals  also. 

To  reduce  the  error  due  to  slipping  no  part  of  the  boundary  of  the  area  to  be 
measured  should  therefore  be  parallel  to  one  of  these  curves  or  to  the  base-circle, 
Lang  recommends  to  draw  one  of  each  of  these  spirals  by  trial  and  to  cut  it  out 
in  stiff  paper.  By  aid  of  these  templets  it  is  then  easy  to  place  the  planimeter 
so  on  the  paper  that  the  boundary  outs  the  base  circle  and  these  spirals  nearly  at 
Tight  angles. 
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one  or  the  other  side  of  it.  Wilski  seems  to  attribute  it  to  an  obliquity 
in  the  joint  at  Q.  Coradi's  experiences  during  more  than  ten  years  also 
reveal  these  maxima  and  minima.  But  he  &ids  them  equally  in  all  plani- 
meters  where  a  wheel  is  used,  and  draws  the  conclusion  that  the  error 
causing  them  must  lie  in  the  wheel  and  in  the  resistance  to  its  turning. 
The  slipping  he  does  not  mention,  but  there  seems  no  doubt  that  in  it  lies 
the  true  dynamical  cause. 

Fifth  error  :  The  axis  of  the  wheel  does  not  lie  in  the  rod  QT,  but  at 
a  small  distance  sideways  from  it.  This  introduces  a  small  amount  of 
extra  slipping. 

The  errors  discussed  so  far  depend  on  the  construction,  the  next  on  the 
skill  of  the  manipulator. 

Sixth  error  :  Due  to  wrong  guiding  of  the  tracer. 

As  the  tracer  has  to  be  guided  by  hand  round  the  curve,  there  will 
always  be  slight  deviations.  Of  the  error  hereby  introduced  not  much  can 
be  said  in  general.  It  depends  on  the  skill  and  care  of  the  manipulator. 
The  latter  should  always  look  as  much  as  possible  in  the  direction  in 
which  the  tracer  moves  along  its  path,  so  that  any  deviation  may  at  once 
be  detected.  These  deviations  will,  in  general,  be  partly  positive,  partly 
negative,  so  that  the  eri-ors  introduced  will  greatly  cancel  each  other. 

To  separate  these  errors  from  those  due  to  the  instrument  it  is  neces- 
sary to  guide  the  tracer  mechanically  round  a  known  area.  For  this  pur- 
pose Coradi  uses,  and  sells  with  his  planimeters,  a  *  Control-lineal,'  con- 
sisting of  a  strip  of  metal  with  a  line  marked  along  the  middle  of  its 
length.  On  this  line  a  series  of  little  conical  holes  are  made  to  receive 
the  tracer.  It  can  turn  round  a  needle-point  at  one  end,  which  is  pressed 
into  the  drawing-board.  But  to  make  good  tests  with  it  requires  some 
skill. 

Elaborate  tests  of  various  planimeters  have  been  made  in  this  manner 
by  Prof.  Lorber,  of  Leoben  (*  Zeitschrift  fiir  Vermessungswesen,'  1883  and 
1888). 

Rules  for  the  accurate  use  of  planimeters  and  for  testing  them  are 
also  given  by  Coradi  in  a  pamphlet '  Praktische  Anleitung  zum  Gebrauch, 
etc.,  des  einiachen  Polar- Planimeters,'  2te  Aufl.,  Ziirich,  1888. 


HOHMANN-CORADI   AND  LaNG-CoRADI. 

Amsler's  polar  planimeter  remained  practically  unaltered  till  the 
Bavarian  engineer  F.  Hohmann  constructed  his  '  precision  planimeter '  in 
1876.  In  1880  he  communicated  his  ideas  to  Coradi  in  Zurich,  who  has 
since  constructed  it  in  a  variety  of  different  forms. 

The  Hohmann-Coradi  precision  planimeter  is  of  Tjrpe  III.  But  the 
recording  wheel  rolls  on  a  disc  with  finely  prepared  surface.  This  disc 
itself  is  turned  by  the  motion  of  the  point  Q  of  the  generating  line  or  *  rod ' 
QT.  The  wheel  rests  with  light  pressure  on  the  disc.  The  friction  to  be 
overcome  by  the  slipping  of  the  wheel  is  thus  gpreatly  diminished. 

Of  the  different  forms  used  by  Coradi,  I  mention  only  the  '  rolling 
planimeter.'  The  point  Q  is  guided  along  a  straight  line  by  the  aid  of  a 
carriage  which  rests  on  two  wheels  with  milled  edges.  The  motion  of  the 
instrument  in  this  direction  is  thus  unlimited.  Such  wheels  without  rails 
had  been  used  already  by  Sang  and  by  J.  Stadler  (Dyck's  *  Catalogue ')  for 
a  planimeter  of  Type  III. 
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Amsler,  too,  has  since  1882  made  planimeters  with  the  wheel  rolling 
on  a  disc. 

Soon  after  the  construction  of  these  instruments,  Amsler  published  his 
paper  *  Neuere  Planimeter-Gonstructionen  *  (*  Zeitschrift  fiir  Instrumenten- 
kunde/  1884),  which  is  full  of  interest.  He  describes  a  planimeter  in  which 
a  wheel  rolls  on  a  sphere,  and  which  is  designed  to  measure  areas  on  a 
sphere  or  globe  insteiEui  of  a  plane.  He  shows  that  all  known  planimeters 
in  which  a  recording  wheel  is  employed  may  be  considered  as  special  cases 
of  his  new  instrument.  Of  course,  if  the  radius  of  the  globe  is  taken  in- 
finitely large,  we  get  a  plane. 

By  inti^oducing  a  cylinder  instead  of  the  wheel  he  gets  an  instrument 
where  there  is  no  slipping,  and  he  says  that  this  planimeter  is  the  only 
one  which  deserves  the  name  of  *  precision  planimeter.'  This  instrument 
has  never  been  made.     In  fact,  Amsler  considers  it  too  complicated,  and 


states  that,  although  he  had  sold  (up  to  1884)  over  12,000  polar  planimeters, 
only  a  few  hundred  of  his  more  complicated  Moment-planimeter  had 
been  made. 

Influenced,  no  doubt,  by  this  paper  and  the  criticism  it  contained, 
Coradi  made  soon  after  what  he  calls  a  '  Precisions-Kugel-Planimeter.'  At 
the  cost  of  retaining  a  very  slight  amount  of  slipping  he  simplifies  Amsler's 
mechanism  considerably,  and  produces  a  simple  and  handy  instrument, 
of  which  in  four  years,  up  to  1892,  over  450  have  been  sold.  It  is  made 
in  two  forms.  In  the  one,  the  point  Q  of  the  '  rod '  QT  moves  in  a  circle; 
in  the  other,  along  a  straight  line,  it  being  mounted  on  a  carriage  with  two 
wheels. 

I  shall  describe  the  former.  A  heavy  disc  with  centre  O,  Bg.  13,  has 
a  raised  circular  rim  B'BB''  with  small  teeth.  Round  O  the  '  arm  '  OQ  is 
movable,  and  at  Q  the  *  rod '  QT  is  jointed  to  it.     This  gives  an  ordinary 
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polar  planimeter ;  if  T  is  moved  round  the  boundary  of  an  area  which 
may  be  denoted  by  (T),  then  the  rod  QT  will  sweep  over  an  area  equal  to 
(T)  which  has  to  be  registered.  This  is  done  by  the  '  roll '  of  a  cylinder 
EF,  whose  axis  is  paraUel  to  the  '  rod.'  This  cylinder  does  not  roll  on  the 
paper,  but  on  a  spherical  surface  S.  The  latter  can  revolve  about  a  hori- 
zontal diameter  AD  which  is  parallel  to  tho  arm  OQ,  and  which  has  at  B 
a  small  toothed  wheel  gearing  in  the  rim  B'BB''  of  the  fixed  disc.  Let 
the  cylinder  £F  touch  this  sphere  at  C  in  the  horizontal  great  circle,, 
and  let  A  be  the  centre  of  the  sphere.  If  now  the  rod  and  with  it  the 
axis  of  the  cylinder  make  an  angle  a  with  the  tangent  QX  to  the  circular 
path  of  Q,  then  the  distance  of  the  point  C  from  the  axis  of  the  sphere 
will  be  CD=r  sin  a,  where  r  is  the  radius  of  the  surface  S.  Let  now 
the  rod  QT  get  a  small  translation  to  QT',  sweeping  over  a  small  area 
QTT'Q'=Zp.  Of  course,  QQ'  must  be  so  small  that  it  may  be  con- 
sidered an  arc  of  the  circle  in  which  Q  moves.  If  QQ'=a:,  then  is  p 
=a;sina,  the  areaQTT'Q'=/a;  sin  a.  At  the  same  timeOQ  will  turn  about  O 
through  an  angle  proportional  to  a;,  and  this  will  produce  a  rotation  of  the 
sphere  and  a  motion  of  C  proportional  to  CDa;,  t.e.,  proportional  to  x  sin  a 
or  to  p.  This  will  be  communicated  to  the  cylinder.  Hence  the  roll  of  the 
cylinder  during  a  small  motion  of  T  will  be  proportional  to  the  area  swept 
over  by  the  rod  during  the  translation  of  the  rod.  According  to  the 
general  theory  of  planimetersof  Type  III.,  the  'roll'  of  the  cylinder  measures 
the  area  enclosed  by  the  path  of  T,  provided  that  the  rod  does  not  com- 
plete a  whole  rotation.  If  the  point  O  should  lie  within  the  area,  a  certain 
constant  has  to  be  added  to  the  '  roll '  of  the  cylinder,  as  in  Amsler's  simple 
planimeter. 

This  very  simple  theory  is,  however,  not  quite  correct.  For  if  QT 
turns  about  Q  the  cylinder  will  not  always  touch  the  sphere.  To  insure  a 
continuous  contact  the  cylinder  is  mounted  in  a  small  rectangular  frame^ 
which  itself  can  rock  to  and  fro  about  an  axis  parallel  to  that  of  the  rod. 

Amsler,  in  the  planimeter  mentioned,  places  Q  at  the  centre  A  of  the 
sphere  and  suspends  the  frame  with  the  cylinder  from  above  the  sphere. 
In  this  case  a  turning  of  the  arm  will  make  the  cylinder  slip  along  the 
horizontal  great  circle.  To  avoid  this  slipping  he  makes  the  cylinder 
movable  along  its  axis,  and  gets  thus  an  instrument  without  slipping. 
Coradi  places  the  point  Q  so  that  when  the  rod  is  in  the  direction  of  QX 
the  cylinder  touches  the  sphere  when  its  axis  is  vertically  above  Q.  If  now 
the  rod  be  turned  about  Q,  the  cylinder  with  its  frame  will  be  pushed  side- 
ways, whilst  the  point  C  will  move  below  the  horizontal  great  circle.  This 
up-and-down  motion  of  C  will  produce  a  roll  of  the  cylinder,  the  total 
amount  of  which,  however,  will  reduce  to  zero  when  the  point  C  oomes 
back  to  its  original  position,  and  this  it  will  do  when  the  tracer  has  de- 
scribed a  closed  curve. 

But  this  lowering  of  C  also  increases  the  radius  CD.  At  the  same 
time  the  cylinder  will  not  receive  the  full  motion  of  the  point  C.  In 
fact)  this  motion  will  be  decomposed  into  rolling  and  slipping.  Tlie 
rolling  will  be  just  the  same  as  if  C  was  still  on  the  horizontal  great  circle, 
and  will  therefore  give  the  area  correctly.  The  slipping  will  always  be 
very  small.  There  will  also  be  slipping  when  the  rod  turns  about  Q,  but 
this  again  will  be  very  small.  Although  the  exact  determination  of  these 
quantities  is  not  difficult,  I  prefer  to  refer  the  reader  to  A.  Amsler's  essay^ 
*  Ueber  mechanische  Integrationen,'  in  Dyck's  *  Catalogue/  p.  107,  where 
a  very  elementary  theory  of  this  part  of  Coradi's  planimeter  is  given,  and 
•Iso  (p;  105)  a  description  of  his  father's  planimeter •^.k{^^)ji^t*sl]pping.j^^ 
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The  Lang-Coradi  Planimeter. 

Coradi  has  quite  recently  constructed  a  new  modification  of  Amsler's 
Polar-planimeter  which  he  calls  'Compensations-Polar-planimeter.'  Its 
object  is  to  eliminate  the  error  due  to  a  non-parallelism  between  the  axis  of 
the  wheel  and  the  rod  QT  according  to  a  method  due  to  Herr  Lang,  a 
surveyor  of  Neuwied.  The  Swiss  patent  is  dated  from  October  3,  1893. 
A  description  of  it  is  published  by  Lang  in  the  *  Zeitschrif  t  f  iir  Ver- 
messungswesen,'  1894,  Heft  12. 

Lang  points  out  that  the  error  mentioned  can  be  eliminated  by  going 
twice  round  the  boundary  of  the  area  in  the  following  manner.  To  fix 
the  idea  let  the  pole  O  of  an  ordinary  Amsler  planimeter  be  below  the 
curve,  the  tracer  T  on  it ;  then  the  point  Q  will  be  to  the  right.  In  this 
position  the  tracer  is  moved  round  the  curve.  Then,  with  the  same 
position  of  the  pole,  the  planimeter  is  set  so  that  the  point  Q  comes  to  the 
left  and  the  tracer  is  guided  again  along  the  curve.  The  error  in  question 
will  be  equal  but  opposite  in  sign  for  the  two  operations,  and  is  therefore 
eliminated  on  taking  the  mean. 

In  Amsler's  planimeter  this  second  position  is  not  possible.  To  make 
it  possible  Coradi  does  not  connect  the  rod  QT  by  a  hinged  joint  to  the 
arm  OQ,  but  by  a  spherical  joint.  One  wheel  is  placed  slightly  on  one 
side  of  the  rod  near  Q,  and  another  supporting  wheel  is  placed  on  the 
other  side  of  the  rod  with  its  axis  perpendicular  to  the  rod.  The  rod 
therefore  rests  with  these  two  wheels  at  the  one  end  and  the  tracer  at  the 
other  end  firmly  on  the  paper.  At  Q  the  rod  has  a  hole,  with  a  spherical 
bottom,  open  at  the  top.  The  arm  OQ  has  at  Q  a  tooth  projecting  down- 
wards whose  spherical  end  is  placed  in  the  hole  of  the  rod.  The  arm  is 
therefore  above  the  rod,  and  this  requires  a  new  construction  of  the  needle 
point  at  O.  It  consists  of  a  heavy  foot  having  its  lower  surface  in  the 
form  of  a  cylinder  whose  horizontal  edge  is  perpendicular  to  OQ.  In  the 
middle  of  this  edge  is  the  needle.  This  arrangement  avoids  at  the  same  time 
any  obliquity  in  the  axis  of  the  joint  at  Q.  Besides,  it  is  easier  handled  in 
taking  it  in  or  out  of  its  box,  as  it  consists  of  two  quite  separate  parts, 
and  thus  there  is  less  likelihood  of  damaging  the  instrument. 

It  seems  to  be  an  instrument  as  carefully  thought  out  as  it  is 
executed,  and  will,  most  likely,  replace  the  more  expensive  precision - 
planimeters. 

The  Hine-Robertson  Planimeter. 

Within  the  last  few  years  a  new  little  planimeter  has  been  made  by 
Messrs.  Hine  &  Robertson,  of  New  York,  stated  to  be  *  on  an  entirely  new 
principle.'  The  principle  is  however  already  given  by  Amsler  in  his  paper 
of  1856. 

Suppose  in  an  ordinary  Amsler  planimeter  a  bar  CD  fixed  rigidly  at  0 
to  the  rod  QT  and  at  right  angles  to  it.  On  this  bar  let  a  wheel  be 
mounted  so  that  it  can  turn  about  it  and  also  slide  along  it.  Let  the 
rim  of  this  wheel  be  made  with  a  knife  edge ;  then  the  wheel  can  only  roll 
on  the  paper,  but  instead  of  slipping  on  the  paper  it  will  slide  along  the 
bar.  If  the  wheel  had  a  smooth  rim  and  could  not  move  along  its  axis  wo 
should  have  the  arrangement  mentioned  before  (p.  510),  when  it  was  pointed 
out  that  its  slipping  would  equal  the  *  roll '  of  the  ordinary  recording  wheel. 
It  follows  that  the  displacement  of  the  wheel  along  the  bar  equals  the 
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'  roll '  of  the  ordinary  wheel,  and  can  therefore  be  used  in  its  place  to 
measure  an  area. 

Amsler  describes,  in  the  paper  quoted,  a  planimeter  of  this  kind  ;  but 
instead  of  making  the  knife-edge  wheel  slide  along  the  bar  CD,  he  makes 
the  bar  slide  across  the  rod  QT,  fixing  at  each  end  a  knife-edge  wheel. 

Just  as  in  Amsler's  Polar- planimeter  the  axis  of  the  recording  wheel 
must  be  parallel  to  the  rod,  so  the  axis  of  the  knife  edge  wheel  must  be 
perpendicular  to  it.  If  it  deviates  from  it  by  an  angle  r,  and  if  S 
denotes  the  sliding,  W  the  rolling  of  the  wheel,  then  the  area  will  be 

SZsin  e-l-WZ  cos  e 

In  the  Hine- Robertson  planimeter  the  point  Q  is  not  guided  in  a  circle 
but  along  a  straight  line.  The  whole  instrument  is  small,  and  is  contained 
in  a  box  seven  by  eleven  inches.  At  the  bottom  of  the  box,  along  one 
edge,  a  strip  of  metal  is  fastened  with  a  V-groove  in  it.  In  this  the  one 
end  Q  of  the  rod  slides.  The  paper  with  the  indicator-diagram,  for  which 
the  instrument  is  meant  to  be  used,  is  clamped  to  the  bottom  and  every- 
thing ready.  The  wheel  slides,  as  described,  along  the  bar,  which  is  so 
graduated  that  the  wheel  is  set  to  zero  when  pushed  towards  the  rod  as  far 
as  it  will  go.  The  instrument  is  therefore  very  handy ;  but  it  has  one 
fault — the  axis  of  the  wheel  is  not  perpendicular  to  QT. 

The  rod  is  at  the  end  towards  Q  bent  to  a  curve,  and  only  the  piece  in 
CT,  where  0  is  the  point  of  junction  with  the  bar  carrying  the  wheel,  is 
straight.  This  bar,  which  should  be  perpendicular  to  QT,  is  so  to  CT,  and 
makes  with  QT  an  angle  £=10^  nearly.  If  it  gives,  nevertheless,  good 
results  this  must  be  due  to  the  fact  that  the  errors  nearly  cancel  each  other. 

If  the  instrument  be  so  placed  that  CT  is  paraUel  to  the  V-groove, 
and  the  line  over  which  CT  lies  be  marked  on  the  paper,  then  the  error 
will  be  positive  when  the  tracer  is  on  the  one  side  of  this  line,  negative 
when  on  the  other.  As  from  the  very  dimensions  of  the  instrument  this  line 
will  almost  always  cross  the  indicator-diagram,  such  cancelling  of  the 
errors  will  be  explained.  But  there  seems  to  be  no  reason  why  the  axis 
of  the  wheel  should  not  have  its  proper  position. 

The  Prytz  or  Hatchbt  Flakimeter. 

This  planimeter  belongs  geometrically  to  Type  III.,  but  the  recording 
apparatus  is  altogether  diSerent  from  Amsler's.     It  is  curious  in  its  sim- 

Fio.  14. 


CZZD.. 


plicity,  consisting  simply  of  a  single  rod  of  metal,  without  any  wheel  or 
other  movable  part.     For  the  ultimate  reading  an  ordinary  scale  is  used. 

A  metal  rod  is  bent  as  in  fig.  14.  At  T  it  ends  in  a  point  which 
serves  as  tracer.  At  Q  it  is  flattened  to  a  knife-edge,  whose  plane  passes 
through  T.  This  is  placed  in  a  vertical  plane  with  T  and  Q  resting  on  the 
paper. 
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The  knife-edge  prevents  Q  from  movinff  sideways.  The  only  motions 
possible  are  therefore  a  sliding  in  the  direction  of  QT  together  with  a 
turning  about  Q.  Hence,  if  T  is  moved  along  any  curve,  Q  will  follow, 
always  moving  towards  T.  The  Q-curve,  as  the  path  of  Q  may  be  called, 
is  therefore  a  curve  of  pursuit.  The  line  QT  is  always  tangential  to  it. 
Its  length  will  be  denoted  by  I, 

To  use  this  instrument  as  a  planimeter  the  inventor  gives  the  following 
rules  : — 

If  the  greatest  extension  of  the  area  exceeds  II  the  area  has  to  be 
divided  and  the  parts  measured  separately. 

Take  a  point  It  as  near  as  you  can  guess  to  the  centre  of  gravitj^of  the 
area,  and  join  it  to  a  point  A  on  the  boundary  ;  put  the  tracer  T  on  R,  and 
make  with  the  knife-edge  a  mark  on  the  paper.  Next  guide  T  from  R  to 
A,  round  the  boundary  and  back  to  R  ;  make  again  a  mark  with  Q,  and 
measure  the  distance  c^  between  these  marks.  Next  turn  the  instrument  \ 
through  180^  about  R  and  guide  T  as  before,  but  in  the  opposite  sense,  j 
round  the  boundary.  Let  the  distance  between  the  marks  in  this  case  be 
Co.    Then  is  the  area  given  by 


^rt^l 


(•-©■) 


where  N^  denotes  the  mean  value  of  the  squares  of  the  distances  of  R 
from  the  boundary.  He  then  adds  a  table  giving  (N/2/)'  for  different 
values  of  N//.     They  vary  from  -002  to  '016,  and  are  therefore  small. 

FiQ.  15. 


He  afterwards  gives  his  theory.  This  leads  him  to  an  integral  for  the 
ai*ea  swept  over  by  QT,  which  cannot  be  worked  out  in  a  finite  form,  and 
has  to  be  expand^  in  an  infinite  series  of  which  the  first  terms  lead  him 
to  the  result  stated. 

The  same  problem  has  also  been  treated  analytically  by  Mr.  F.  W.  Hill 
in  a  more  elegant  manner,  the  result  being  given  in  a  slightly  different 
form. 

These  investigations  are,  however,  somewhat  unsatisfactory.  It  seems 
to  me  that  the  following  geometrical  reasoning  affords  us  a  deeper  insight 
into  the  real  nature  of  the  theory  of  this  instrument. 

If  T  describes  a  straight  line  AX  (fig.  15)  whilst  Q  starts  from  O, 
where  AO  is  perpendicular  to  OX,  then  Q  will  describe  a  curve  known  as 
the  tractrixy  which  will  extend  to  an  infinite  distance  to  the  right,  having 
AX  as  asymptote.  If  T  is  moved  to  the  left,  Q  describes  the  other  half  of 
tractrix,  which  has  a  cusp  at  O.  Similarly,  if  T  describes  any  curve,  Q 
will  describe  a  curve  which  will  have  a  cusp  whenever  QT  becomes  normal 
to  the  T-curve, 
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If  we  decompose  a  very  small  displacement  of  QT  during  this  motion 
into  a  sliding  along  QT  and  a  turning  about  Q,  then  the  latter  alone  will 
generate  an  area,  and  if  the  rod  turns  through  a  small  angle  d  the  area 
generated  equals  ^m=z^  la  where  a=ld  is  the  small  arc  described  by  T 
during  this  turning. 

Hence,  if  a  line  OP=QT  be  drawn  from  any  fixed  point  O  and  kept 
always  parallel  to  QT  it  will  generate  an  area  equal  to  that  generated  by 
QT  itself.  Thus  in  fig.  15  the  area  OATQO  equals  the  area  of  the  circular 
sector  OAJPO  if  OP  is  parallel  to  QT. 

In  particular,  if  T  is  moved  to  an  infinite  distance,  QT  will  fall  into 
AX,  and  will  be  parallel  to  OB ;  from  which  follows  at  once  the  well-known 
result,  that  the  area  between  the  tractrix  and  its  asymptote  from  the  cusp 
to  infinity  equals  that  of  a  quadrant  of  a  circle  with  radius  L 

Let  now  a  closed  curve  be  given,  A  a  point  on  it^  and  let  the  planimeter 
QT  be  placed  in  the  position  OA.    Next  let  T  be  moved  from  A  round  the 

Fig.  16. 


curve  in  the  sense  of  the  arrow  ;  then  Q  will  describe  a  curve  somewhat 
like  OSB  with  a  cusp  at  S  (fig.  16). 

If  the  given  curve  is  less  simple  this  Q-curve  may  be  more  complicated, 
but  the  following  reasoning  will  always  hold. 

The  area  described  by  QT  is  found  to  be  equal  to  that  of  the  section 
OAC,  where  OC  is  parallel  to  BA.  In  order  to  make  the  Q-curve  closed, 
suppose  the  line  QT  turned  about  A  from  AB  back  to  AO.  Hereby  the 
sector  BAO  is  described,  which  equals  OAC  both  in  magnitude  and  sense, 
for  the  sense  of  QT  is  from  Q  to  T  ;  hence  from  B  to  A. 

We  have  now  a  cyclical  motion  for  QT.     According  to  Theorem  1 
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(p.  502)  the  area  generated  equals  (T)—(Q),  where  (T)  is  the  area  of  the 
given  curve  and  (Q)  the  area  of  the  closed  Q-curve,  or  equal  to  twice  the 
siector  AOB,  t.<9.,  equal  to  La,  where  a  denotes  the  arc  0£.  If  we  now 
could  vary  the  proceeding  so  that  (Q)=0  we  should  have  (T)s=^a,  and 
need  only  measure  the  arc  a  to  get  the  area  of  the  given  curve. 

To  do  this  draw  from  A  any  straight  line  AX,  place  the  planimeter  in 
its  original  position  OA,  and  move  T  from  A  along  AX.  The  point  Q  now 
describes  a  tractrix  OF  with  AX  as  asymptote.  On  doing  the  same  from 
the  end-position  BA  we  get  a  second  tractrix,  BH,  also  with  AX  as 
asymptote. 

If  we  now  take  on  AX  a  suitable  point  R  and  draw  with  this  point  as 
centre  and  TQ  as  radius  an  arc  ED  between  these  two  tractrices,  we  can 
consider  the  curve  DOSBED  as  the  Q-curve.  We  need  only  start  at  the 
position  DR  for  QT,  move  T  to  A,  then  round  the  cur>'e  and  back  to  R, 
turning  QT  at  last  about  R  till  Q  comes  back  to  D. 

If  R  has  been  well  selected  the  arc  ED  will  cut  the  curve  OSB,  and 
therefore  the  area  of  the  Q-curve  will  be  partly  positive,  partly  negative. 
If,  in  fig.  16,  the  point  R  is  moved  higher  up,  the  positive  part  will  increase  ; 
on  moving  it  lower  down,  the  negative.  Hence  there  must  exist  a  definite 
position  for  R  such  that  the  area  (Q)  vanishes. 

This  shows  the  possihility  of  using  the  simple  '  Hatchet '  as  a  plani- 
meter ;  but  it  is  not  yet  a  practical  instrument.    The  above  shows  only  : — 

If  a  point  A,  a  line  AX,  and  an  initial  position  OA  are  taken 
arbitrarily,  then  a  point  R  exists  on  AX  such  that  on  starting  with  T  at 
R  and  Q  at  D  we  get  the  area  reduced  to  twice  the  area  of  a  sector  with 
radius  QT. 

We  have  here  at  our  disposal  first  the  point  A  on  the  curve  ;  secondly, 
the  direction  of  the  line  AX  ;  thirdly,  the  initial  direction  of  QT,  for  it 
comes  to  the  same  whether  we  take  OA  or  DR  as  given.  These  three 
being  fixed,  the  above  proves  the  existence  of  a  point  R.  The  change  of 
one  of  these  three  quantities  alters  the  position  of  R. 

We  must,  in  order  to  get  a  practically  useful  rule  for  determining 
R,  restrict  the  superabundance  of  choice  which  the  above  theory  leaves 
us.  A  perfectly  satisfactory  rule  has  not  yet  been  found.  The  only 
generally  usable  one  is  that  given  by  the  inventor. 

As  the  Hatchet  Planimeter  has  during  the  last  few  years  excited 
some  interest  both  in  England  and  abroad,  and  as  I  have  heard  its 
invention  attributed  to  various  men,  the  following  historical  facts  may  be 
mentioned. 

I  became  acquainted  with  it  early  in  1893  through  Professor  Green- 
hill,  and  ordered  one  from  the  maker,  Herr  Cornelius  Knudsen,  in  Copen- 
hagen. With  it  I  received  a  pamphlet  in  French  dated  1887.  It  contains 
an  analytical  theory  without  mentioning  Captain  Pry tz.  After  my  showing 
the  instrument  at  the  Physical  Society  and  mentioning  that  a  complete 
theory  did  not  yet  exist,  there  appeared  in  'Engineering'  a  paper  by 
Macfarlane  Gray.  In  consequence  of  this  Captain  Prytz  contributed  his 
investigations  to  the  same  journal  (where  his  name  is  changed  to  Pryty). 
It  is  practically  an  English  translation  of  the  pamphlet  mentioned.  I 
have  since  seen  a  new  pamphlet  with  the  name  of  Captain  Prytz  on  it. 
In  England  the  instrument  seems,  however,  to  have  first  become  known 
through  Mr.  Druitt  Halpin,  who  mentioned  it  to  Professor  Unwin, 
Professor  Goodman,  and  other  engineers  about  1889.    Professor  Goodman 
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exhibited  a  somewhat  improved  form  early  this  year  at  the  Institution  of 
Civil  Engineers. 

He  has  given  the  rod  between  the  knife-edge  and  the  tracer  the 
shape  of  a  circular  arc,  radius  I,  and  engraved  a  Bckie  on  it,  so  that  it  is 
possible  to  measure  the  arc  between  the  two  marks  made  on  the  paper 
instead  of  the  chord. 

Quite  recently  (October)  I  have  learnt  from  Coradi  that  in  December 
1893  F.  Hohmann  communicated  the  idea  of  such  a  planimeter  to  him, 
and  also  that  Professor  Ljubomir  Kleritj,  of  Belgrad,  had  invented  a 
new  planimeter.  This  is  only  a  mediation  of  Prytz's.  In  it  the 
knife-edge  is  replaced  by  a  knife-edge  wheel,  whilst  the  other  end  rests 
on  two  feet  between  which  the  tracer  is  so  placed  that  its  point  Ib  just 
off  the  paper.  These  feet  are  festened  to  a  cross-bar  which  is  movable 
about  a  point  above  the  tmcer.  The  instrument  thus  rests  firmly  od 
three  points.  Both  Professor  Unwin  and  Coradi  have  pointed  out  to 
me  that  it  would  be  an  improvement  if  to  Prytz's  form  a  disc  be  added 
as  a  handle  which  can  turn  freely  about  the  tracer.  Kleritj's  form 
supplies  this. 

Just  now  I  have  received  a  reprint  from  a  Servian  journal  in  which 
Professor  Szily,  of  Budapest,  has,  at  the  request  of  Kleritj,  developed  the 
equation  to  the  path  of  the  knife-edge  when  the  tracer  moves  along  the 
circumference  of  a  circle.  It  is  dated  December  1893.  But  it  does  not 
seem  to  advance  the  curiously  interesting  theory  of  the  instrument. 

The  geometrical  considerations  given  above  were  started  by  me  and 
more  fully  worked  out  by  Mr.  A.  Sharp,  who  has  obtained  several  other 
results,  which,  however,  do  not  yet  yield  any  better  practical  rules  than 
those  given  by  Prytz. 

Linkage  Integrators. 

J.  Amsler  (' Yierteljahrsschrift,'  1856,  p.  29)  describes  what  he  calls  a 
'  Flachenreductor '  (area- reducer),  and  in  connection  with  this  he  gives  a 
theorem  about  pantographs  which  deserves  notice. 

Starting  with  the  fundamental  theorem  about  the  generation  of  an 
area  by  a  line  of  finite  length,  these  theorems  are  easily  obtained. 

If  we  denote  by  (A  B)  the  area  swept  over  by  the  line  AB  during  a 
cyclical  motion,  by  (P)  the  areas  enclosed  by  the  close  path  of  a  point  P» 
then  we  have 

(AB)=(B)-(A)+««-AB2 

If  ns=0,  and  this  case  alone  we  shall  follow  up,  we  have 

(AB)=(B)-(A) 

If  we  take  a  third  point  C  on,  or  off,  the  line  AB,  we  always  have 

(AB)=(B)-(A),  (BC)=(C)-(B),  (CA)=(A)-(C) 

These  give  at  once 

(AB)-f(BC)-f-(CA)=:0  and  (AB)=(AC)  +  (CB) 
where  account  always  must  be  taken  of  the  sense,  viz.,  it  is 
AB  =  -BA  and  (AB)=  -(BA) 
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We  also  have,  if  a  recording  wheel  be  fixed  on  the  line  AB  whose  roll 
for  a  oomplete  circuit  is  Wy 

(AB)=AB .  tt?,  (BC)=BC .  w,  &c. 

Hence,  if  a  line  performs  a  cyclical  motion  without  turning  completely 
round,  then  the  area  swept  over  by  any  segment  on  the  line  is  propor- 
tioiutl  to  the  length  of  the  segment. 

Let  now  A,  B,  P  be  points  in  a  straight  line  and  AB=a,  AP 
=7>,  /.PBssa— jt?;  then  is 

(AB)=a«;=(B)-(A),  (AP)=rpu;=(P)-(A) 

On  eliminating  w  we  get 

p(B)-a(P)=(p-a)  (A),  or  (a-p)  (A)=a(P)-p(B) 

This  is  Holditch's  Theorem. 

From  this  it  follows  that  we  can  always  find  one  point  P  in  the  line 
AB  which  describes  a  curve  of  zero-area.     For  it 

&>-«)  W=P  (B) 

This  point  shall  be  called  the  zero-point  in  the  line. 

If  (A)=(B),  then  isjp=oo  ,  and  the  zero-point  is  at  infinity. 

For  any  other  point  P  (not  at  infinity)  we  have  now 

a  (P)=«  (A),  .-.  (P)=(A) 

If  two  poiiUs  in  a  line  describe  closed  cui'ves  of  equal  area,  all  poi^its  ui 
the  line  do  the  same. 

The  area  enclosed  by  any  point  in  tJis  line  encloses  always  an  area 
tvhich  is  proportional  to  its  distance  from  tlie  zero-point. 

In  Ajnsler's  planimeter,  or  any  planimeter  of  Type  I.,  the  point  Q  is 
the  zero-point  of  the  '  rod '  QT. 

Let  on  this  rod  a  point  T'  be  taken  so  that  QT=r  A:QT' ;  then,  whilst  T' 
is  guided  along  the  boundary  of  an  area  (P),  the  point  T  will  describe  a 
closed  curve  of  k  times  the  area  (T'). 

J.  Amsler  proposed  (Lc,  p.  29,  1856)  to  have  a  tube  inserted  at  T'  per- 
pendicular to  the  paper.  At  the  bottom  this  carries  near  the  paper  a 
glass  plate  with  a  small  circular  mark,  and  at  the  top  a  lens.  The  point 
T  is  now  moved  so  that  the  mark  at  T'  follows  the  small  curve.  The 
point  T  describes  a  closed  curve  whose  area  is  registered  by  the  wheel  in 
square  inches,  say.  The  area  (T')  is  therefore  registered  k  times  to  the  same 
scale.  We  have  thus  a  planimeter  which  registers  a  magnified  area,  and 
is  suitable  to  measure  small  areas.  The  tidvantage  is  this.  In  guiding  a 
tracer  round  a  curve  the  motion  of  the  tracer  will  be  more  or  less  jerky. 
These  jerks  at  T  will  be  reduced  at  T'. 

This  arrangement,  however,  has  one  drawback.  The  figures  described 
by  T  and  T'  are  not  similar,  and  this  makes  it  difficult  to  guide  T  so  that 
T'  follows  a  given  curve.  But  this  can  be  overcome  as  follows  :  Let  us 
consider  a  linkage  as  in  fig.  17.     OQT  is  an  ordinary  planimeter  with 
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the  pole  at  O.  TQ  is  prodaoed  to  D,  and  ihe  extra  bars  OG,  CD  are  added, 
with  hinged  joints.  If  T  describes  a  closed  curve,  D  will  do  the  same, 
whilst  Q  and  C  are  zero-points,  provided  that  QT  does  not  complete  a 


Fig.  17. 


revolution.     Let  there  be  registering  wheels  on  TQ  and  CD,  and  let  their 
*  rolls  *  during  a  circuit  described  by  T  be  u;  and  w' ;  then  is 

(T)=QT .  w,  (D)=QD .  w=CD  .  w/ 

From  which,  on  eliminating  w,  we  get 

(T)=QT.CD.«/ 

Hence  the  area  (T)  can  also  be  measured  by  the  roll  of  W. 

Similarly,  if  DC  be  produced  to  T',  the  area  of  T'  will  be  measured  either 
by  W  or  by  W. 

If  OQDC  be  made  a  parallelogram  and  T,  O,  T'  are  taken  in  a  line,  then 
T  and  T'  will  describe  similar  figures. 

On  this  principle  the  firm  Amsler-Laffon  has  recently  constructed  a 

Fig.  18. 


planimeter  for  measuring  small  areas.  For  convenience  of  construction 
the  points  T  and  V  are  made  to  describe  figures  which  are  only  approxi- 
mately similar,  but  sufficiently  to  make  it  easy  to  guide  the  tracer  T  so 
that  T'  describes  a  given  small  curve. 
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It  seems  to  me  that  we  have  here  a  new  principle  for  making  inte- 
grators which  might  be  called  linkage  integrcUora ;  viz.,  if  we  take  a  linkage 
and  move  one  point  T  along  a  given  curve,  then  any  other  point  T'  will 
describe  another  closed  curve  whose  area  is  dependent  on  that  of  the  given 
curve. 

As  a  simple  example,  take  a  Peaucillier  cell  with  fixed  pole  O  (fig.  18). 
Give  QT  a  wheel  W  and  QT'  a  wheel  W.  We  have  now  two  planimeters, 
OQT  and  OQT'.  If  OT=r,  OT'=r',  then  we  have  always  rr'=k\  where 
A2=0Q«-QT«. 

If  T  describes  a  closed  curve,  V  describes  another,  and 

(T)=aw,  (T')=aw?',  where  QT=a 
Also  (T)=^pc^0  if  0  is  the  angle  which  OT  makes  with  a  fixed  line,  and 

Hence,  as  T  describes  a  closed  curve,  T'  describes  another  whose  area  is 
proportional  to    - -. 

If  dS  denotes  an  element  of  the  area  (T),  the  last  inte^l  becomes  by 
Stokes'  Theorem  about  the  conversion  of  a  line-  into  a  surface-integral 

Hence 

(T')=A:*  I  _.,  which  is  measured  by  iv' 

The  origin  must  be  outside  the  area  (T)  to  avoid  r=0. 


On  Metliods  tliat  have  been  adopted  for  Measuring  Pressures  in  the 
Bores  of  Guns.  By  Captain  Sir  A.  Noble,  X.O.B.,  F.R.8.^ 
MJnstCE. 

[Ordered  by  the  General  Committee  to  be  printed  i7i  extetiso.'] 

The  importance  of  ascertaining,  with  some  approach  to  accuracy,  the 
pressures  which  are  developed  at  various  points  along  the  bores  of  guns 
by  gunpowder  or  other  propelling  agent  is  so  great  that  a  variety  of 
means  have  been  proposed  for  their  determination,  and  I  purpose,  in  this 
paper,  to  give  a  very  bnef  account  of  some  of  these  means,  pointing  out 
at  the  same  time  certain  difiiculties  which  have  been  experienced  in  their 
employment,  and  the  errors  to  which  these  methods  have  been  in  many 
cases  subject. 

The  earliest  attempt,  by  direct  experiment,  to  ascertain  pressures  deve- 
loped by  fired  gunpowder  was  that  made  by  Count  Rumford  in  his 
endeavour  to  determine  the  pressures  due  to  different  densities  of  charge. 
He  assumed,  the  principles  of  thermodynamics  being  then  unknown,  that 
charges  fired  in  a  small  closed  gun-barrel  would  give  pressures  identical 
with  those  given  by  charges  doing  work  both  on  the  projectile  and  on  the 
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products  of  oombastion  themselves ;  but  even  this  error  was  a  small  one 
compared  with  that  which  led  him  to  adopt,  as  correct^  his  extravagant 
estimate  of  the  pressures  developed. 

For  a  density  of  unity — or,  in  other  words,  for  a  charge  approximately 
filling  a  chamber  in  which  it  was  6red — he  estimated  the  pressure  at  over 
101,000  atmospheres,  or  at  662  tons  per  square  inch. 

He  adopted  this  pressure  notwithstanding  the  great  discrepancy  which 
he  found  to  exist  between  the  two  series  of  experiments  which  he  made, 
and  he  meets  the  objection  that>  were  the  pressure  anything  approaching 
that  which  he  gives,  no  gun  that  ever  was  made  would  have  a  chance  of 
standing  by  assuming  that  the  combustion  of  powder  is  exceedingly  slow, 
and  lasts  the  whole  time  occupied  by  the  projectile  in  passing  through 
the  bore. 

It  is  sufficiently  curious  that  a  man  so  eminent  for  his  scientific  attain- 
ments as  was  Rumford  should  have  fallen  into  so  great  an  error,  both 
because  any  attempt  at  calculation  would  have  shown  him  his  mistake, 
and  because  Robins,  sixty  years  earlier,  had  conclusively  proved  that  with 
the  small  grain  powders  then  used — and  it  must  be  remembered  that 
Rumford's  powder  was  sporting  of  very  fine  grain — the  whole  of  the 
powder  was  fired  before  the  bullet  was  very  greatly  removed  from  its  seat. 
Robins's  argument — and  it  is  incontrovertible — was,  that  were  it  otherwise 
a  much  greater  energy  would  be  realised  from  the  powder  when  the 
weight  of  the  projectile  was  doubled,  trebled,  quadrupled,  <Sz;c. ;  but  his 
experiments  showed  that  under  these  circumstances  the  work  done  by  the 
powder  was  nearly  the  same. 

For  other  objects,  on  a  much  larger  scale,  and  with  appliances  far 
superior  to  those  which  the  great  man  I  have  named  had  at  his  disposal, 
I  have  had  occasion  to  repeat  Robins's  experiment,  and  the  results  are 
interesting.  With  a  charge  of  10  lb.  of  the  powder  known  as  R.L.02 
and  a  shot  weighing  30  lb.  a  velocity  of  2,126  f.s.,  representing  an  energy 
of  971*6  foot-tons,  was  attained.  The  same  charge  being  used,  but  the 
weight  of  the  projectile  being  doubled,  the  velocity  was  reduced  to 
1,641  f.s.,  while  the  energy  was  increased  to  1,125  foot-tons.  With  a  shot 
weighing  120  lb.  the  velocity  was  1,209  f.s.  and  the  energy  1,196  foot-tons. 
With  a  shot  of  1501b.  the  velocity  was  1,080  f.s.  and  the  energy  1191-5 
foot-tons  ;  while  with  a  shot  of  360  lb.  the  velocity  was  reduced  to  691  f.8., 
representing  a  muzzle  energy  of  1,191*9  foot- tons.  These  energies  were 
obtained  with  maximum  chamber  pressures  respectively  of  13*5  tons,  of 
17*25  tons,  of  19  tons,  of  20  tons,  and  of  22  tons  per  square  inch.  It  will 
be  noted  that  the  maximum  energy  obtained  was  realised  with  the  shot  of 
1201b.  weight,  the  energy  given  by  a  shot  of  3601b. — i.e,  three  times 
that  weighty  or  twelve  times  the  weight  of  the  original  shot — being  nearly 
exactly  the  same. 

Very  different,  however,  were  the  results  when  one  of  the  modem 
powders,  introduced  with  the  special  object  of  insuring  slow  combustion, 
was  compared  with  the  R.L.G2  experiments  which  I  have  just  quoted. 

With  brown  prismatic  or  cocoa  powder  an  exactly  similar  series  was 
iired.  The  30-lb.  shot  gave  a  velocity  of  1,516  f.s.  and  an  energy  of  493*4 
foot-tons  ;  the  60-lb.  shot  gave  1,291  f.s.,  and  an  energy  of  693*4  foot-tons  ; 
the  120- lb.  shot,  1,040 f.s.,  and  877*5  foot-tons;  the  150-lb.  shot,  948 f^ 
and  920*7  foot- tons  ;  while  with  the  heaviest  shot,  the  360  lb.,  the  velocity 
attained  was  654  f.s.,  equivalent  to  an  energy  of  1,064*7  foot-tons.  The 
maximum  chamber  pressures  in  this  series  varied  from  4*8  tons  per  square 
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inch,  with  the  lightest  projectile,  to  9*6  with  the  heaviest ;  and  with 
this  powder  it  will  be  observed  that  the  energy  developed  increased 
steadily  and  considerably  with  each  increment  in  the  weight  of  the  shot, 
while  the  low  chamber  pressure  shows  that,  even  with  the  heaviest  shot, 
the  projectile  must  have  moved  a  considerable  distance  from  its  seat 
before  the  charge  can  be  considered  to  have  been  entirely  consumed. 

I  have  mentioned  the  discrepancy  between  Rumford's  two  series  of 
experiments.  This  discrepancy  was  very  great,  the  one  series  giving,  for 
a  density  of  unity,  a  tension  of  about  190  tons  per  square  inch,  or  29,000 
atmospheres,  the  other  series  giving  a  tension  of  over  101,000  atmospheres. 
It  is  remarkable  that  Rumford  makes  no  attempt  to  explain  this  discre- 
pancy, but,  as  he  deliberately  adopts  the  higher  tension,  it  is  not  impro- 
bable that  he  was  led  to  this  conclusion  by  an  erroneous  estimate  of  the 
elastic  force  of  the  aqueous  vapour  contained  in  the  powder  or  formed  by 
its  explosion.  He  considered,  relying  on  M.  de  Betancourt's  experiments, 
that  the  elasticity  of  steam  is  doubled  by  every  addition  of  temperature 
equal  to  30^  F.,  and  his  only  difficulty  appears  to  have  been — he  expressly 
leaves  to  posterity  the  solution  of  the  problem — why  the  tension  of  iired 
gunpowder  is  not  much  higher  than  even  the  enormous  pressure  which 
his  experiments  appeared  to  indicate. 

It  will  be  remembered  that  Rumford's  apparatus  consisted  of  a  small 
but  strong  wrought-iron  barrel,  terminated  at  one  end  by  a  small  closed 
vent,  so  arranged  that  the  charge  could  be  fired  by  the  application  of  a 
red' hot  ball.  At  the  other  end  it  was  closed  by  a  hemisphere  upon  which 
any  required  weight  could  be  placed.  His  method  was  as  follows : — A 
given  charge  being  placed  in  the  bore,  a  weight  judged  to  be  equivalent 
to  the  expected  gaseous  pressure  was  applied.  If  the  weight  were  lifted, 
it  was  increased  until  it  was  just  sufficient  to  confine  the  gases,  and  the 
pressure  was  then  assumed  to  be  that  represented  by  the  weight. 

It  seems  probable  that  Rumford's  erroneous  determinations  were 
mainly  due  to  two  causes  : — 

1st.  To  the  weight  closing  the  barrel  being  lifted,  not  by  the  mere 
gaseous  pressure,  but  by  the  products  of  explosion  (produced,  it  will  be 
remembered,  from  a  very  <  brisante '  powder  and  considerably  heated  by  the 
red-hot  ball)  being  projected  at  a  high  velocity  against  it.  In  such  a 
case  the  energy  acquired  in  traversing  the  barrel  would  add  notably  to 
the  pressure  due  to  the  density  of  the  charge ;  and  it  is  again  remarkable 
that  the  augmentation  of  pressure,  due  to  this  cause,  was  clearly  indicated 
by  an  experiment  designed  for  the  purpose  by  Robins. 

2nd.  To  the  gases  acting  on  a  much  larger  area  than  was  allowed  for 
in  his  calculations  ;  and  this  view  appears  to  be  confirmed  by  the  rSsumS 
he  gives  of  his  experiments. 

No  attempt  was  made  for  very  many  years  either  to  corroborate  or 
amend  Count  Rumford's  determinations ;  but,  in  1845,  General  Cavalli 
endeavoured  indirectly  to  arrive  at  the  pressure  developed  by  different 
kinds  of  powder  in  a  gun  of  16  cm.  calibre.  His  method  consisted  in 
drilling  holes  in  the  gun  at  right  angles  to  the  axis,  at  different  distances 
from  the  base  of  the  bore,  in  which  holes  were  screwed  small  barrels  of 
wrought  iron,  so  arranged  as  to  throw  a  bullet  which  would  be  acted  on 
by  the  charge  of  the  gun  while  giving  motion  to  the  projectile.  By  ascer- 
taining the  velocities  of  these  bullets  he  considered  that  the  theoretical 
thickness  of  the  metal  at  various  points  along  the  bore  could  be  deduced. 
His  experiments  led  him  to  some  singular  results. 
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He  believed  that  with  some  very  brisante  Belgian  powder  with  which 
he  experimented  a  chamber  pressure  of  24,022  atmospheres  (157*6  tons 
per  square  inch)  had  actually  been  reached,  while  with  an  ordinary  powder 
and  a  realised  energy  of  nearly  the  same  amount  the  maximum  chamber 
pressure  was  only  3,734  atmospheres  (24*5  tons  per  square  inch).  With 
the  brisante  powder  this  erroneous  conclusion  was  doubtless  due  to  two 
principal  causes,  viz. — 

1st.  To  the  seat  of  the  small  bullet  being  at  a  considerable  distance 
from  the  charge.  Under  these  circumstances,  as  later  on  I  shall  have 
occasion  to  describe  experiments  to  prove,  a  far  higher  pressure  induces 
motion  in  the  bullet  than  is  due  to  the  tension  of  the  gases  in  a  state  of 
rest. 

2nd.  To  the  brisante  nature  of  the  powder.  With  such  powders, 
especially  in  large  charges,  it  has  been  proved  that  great  variations  of 
pressure  exist  in  the  powder  chamber  itself,  in  some  cases  the  pressure  in- 
dicated atone  point  of  the  chamber  being  more  than  double  that  at  others. 

It  has  further  been  proved  that  with  brisante  powders  waves  of 
pressure  of  great  violence  sweep  from  one  end  of  the  chamber  to  the  other, 
and  if  Gavalirs  small  bullet  were  acted  on  by  one  of  these  waves  an  ex- 
ceedingly high  pressure  would,  without  doubt,  be  indicated. 

3rd.  A  thini  cause  of  error,  but  much  slighter,  is  due  to  the  muzzle 
pressure,  when  the  small  bullet  quits  its  barrel,  being  both  abnormally  high 
and  also  abnormally  sustained  ;  hence  there  will  be  a  considerable  incre- 
ment of  velocity  after  the  bullet  quits  the  gun. 

It  is  but  fair  to  add  that  the  results  obtained  by  Cavalli  with  the 
.powders  which  he  terms  '  inoffensive '  are,  if  some  correction  be  made  for 
the  third  cause  of  error  alluded  to  above,  not  far  removed  from  the  truth. 

A  Prussian  Artillery  Committee,  under  the  presidency  of  General 
Neumann,  made,  in  1854,  a  great  improvement  on  the  plan  proposed  and 
employed  by  Cavalli. 

Their  mode  of  procedure  consisted  in  drilling  a  hole  in  the  powder 
chamber  of  the  gun  to  be  experimented  with,  in  which  hole  was  placed  a 
small  barrel  of  about  six  inches  in  length.  Now,  when  the  gun  was 
loaded,  if  in  the  small  barrel  were  placed  a  cylinder  of  a  length  equal  to 
that  of  the  projectile,  it  is  clear  that,  on  the  assumption  that  the  pressure 
in  the  powder  chamber  is  uniform,  the  cylinder  and  the  projectile  will 
describe  equal  spaces  in  equal  times  ;  hence,  if  we  determine  the  velocity 
of  the  cylinder  when  it  quits  the  small  barrel,  we  know  the  velocity  of  the 
projectile  when  it  has  moved  six  inches  from  its  seat.  By  altering  the 
length  of  the  column  of  the  cylinder  placed  in  the  small  barrel,  and  ascer- 
taining the  resultant  velocity,  the  velocity  of  the  projectile  at  any  desired 
point  of  the  bore  can  be  determined. 

General  Neumann's  Committee  carried  out  their  experiments  only  in 
very  small  guns  and  with  the  grained  powder  used  in  those  days.  Their 
results  were  probably  not  far  from  the  truth,  although  subject  to  one  of 
the  defects  to  which  I  alluded  in  reviewing  General  C^valli's  experiments* 
Indeed,  these  results  were  examined  and  entirely  confirmed  by  the  dis- 
tinguished Russian  artillerist  General  Mayevski,  in  a  very  elaborate 
memoir;  but  the  experiments  of  the  Prussian  Committee  were  chiefly 
remarkable  for  being,  so  far  as  I  know,  the  first  to  recognise  the  variations 
of  pressure  which  may  exist  in  the  powder  chamber  itself,  variations  which 
may,  under  certain  circumstances,  attain  great  magnitude,  and  to  whieli 
I  have  already  drawn  attention. 
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chamber  in  the  same  experiment.  The  preiEHMireff,  moi'eover,  are  often 
greatly  above  those  which  would  exist  were  the  charge  absolutely  confined 
in  a  close  vessel. 

A  very  striking  instance  may  be  cited  from  the  early  experiments  of 
the  Explosive  Committee  with  a  M.Ll  10-inch  gun  (fig.  8).  The  first  round 
was  fired  with  a  charge  of  87^  lb.  Belgian  Pebble,  the  charge  being  lighted 
in  two  places.  The  maximum  pressure  witii  ihe  chronoscope  was  25*2 
tons.  With  the  crusher  gauge  the  pressure  in  the  chamber  varied  from 
22*2  to  24'8  tons  per  square  inch,  while  the  energy  developed  by  the 
powder  on  the  shot  was  6,240  foot-tons.  With  the  second  round,  all  con- 
ditions being  the  same  except  that  the  charge  was  fired  at  a  single  point, 
the  chronoscope  pressure  was  as  nearly  as  possible  the  same  ;  but  the 
chamber  pressure  was,  at  the  rear,  79*1  tons ;  in  the  middle  52*0  tons ;  at 
the  seat  of  the  shot  39*5  and  48*0  tons  per  square  inch.  A  similar  large 
excess  of  pressure  was  shown  at  points  1  foot  and  2  feet  in  advance  of  the 
seat  of  tho  shot,  and  the  crusher  gauges  did  not  show  their  normal  pres- 
sures until  points  5  or  6  feet  from  tl^  seat  of  the  shot  had  been  reached. 

Yet  with  the  violent  difierence  in  pressure  shown  between  the  crusher 
gauges  in  this  round  and  in  the  previous  round  (which  I  have  just  cited), 

Fig.  8.— Position  of  Pressure  Plugs  in  lOinch  Gun. 
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the  difference  of  energy  developed  in  the  shot  was  exceedingly  trifling, 
being  only  6,249  foot-tons,  as  against  6,240. 

I  believe  I  have  expressed  pretty  clearly  my  views  that  crusher 
gauges  placed  in  the  chase  are  for  absolute  determination  not  of  much 
value,  and  their  main  use,  if  used  at  all,  is  to  give  comparative  results. 
But  the  same  remark  does  not  apply  to  crusher  gauges  placed  in  the 
chamber. 

Gases  moving  at  a  high  velocity  in  the  chase  are,  so  to  speak,  perform- 
ing their  proper  function  ;  but  the  same  is  not  true  of  those  violent  waves 
of  pressure  in  the  chamber  which  appear  to  accompany  the  explosion  of 
all  brisante  powders,  and  which  occur  either  when  the  projectile  has  hardly 
moved  at  all  or  when  it  is  moving  with  a  comparatively  slow  velocity. 

It  is  our  object^  and  in  this  we  have  had  great  success,  to  avoid  these 
waves  as  much  as  possible  ;  and  in  attaining  this  end  our  indebtedness  to 
the  crusher  gauge  is  very  greats  as  this  instrument  has  made  plain  to  us 
not  only  the  extreme  violence  but  the  variability  of  these  oscillations. 

I  have  heard  it  urged  that  these  waves  of  pressure  are,  after  all,  not  of 
high  importance,  because  their  maxima  act  at  the  same  time  only  upon  a 
very  small  section  of  the  bore,  and  the  continuity  of  the  metal  is  amply 
sufficient  to  resist  the  stress. 
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This  is  no  doubt  true,  but  it  is  not  true  of  the  base  of  the  bore,  which 
in  modem  guns  isahnost  invariably  a  movable  piece,  and  which  under 
certain  circumstances  might  have  to  sustain  the  full  force  of  the  violent 
pressures,  a  sample  of' which  I  have  cited. 

To  ascertain  the  mean  pressure  throughout  the  bore  it  seems  to  mo 
that  there  is  no  method  so  satis&Kstory,  despite  its  attendant  labour,  as 
that  of  making  the  projectile  write  its  own  story.  In  that  case  we  cannot 
fall  into  the  error  of  making  the  pressures  three  or  four  times  as  great  as 
are  necessary  to  generate  the  enei^  the  projectile  has  actually  acquired, 
while  occasional  errors,  due  to  causes  I  have  not  time  to  explain,  are 
easily  detected  and  eliminated. 

To  give  an  idea  of  how  great  is  the  range  of  velocity  over  wliich  these 
experiments  have  been  carried,  I  exhibit  here  diagrams  (figs.  9  and  10)  show- 
ing the  velocities  and  pressures  obtained  witli  several  of  the  new  explosives 
wMch  in  recent  years  have  attracted  so  much  attention.  Observe  cJso  how 
closely,  with  the  exception  of  the  one  somewhat  brisante  powder,  the 
results  given  by  the  ohronoscope  accord  with  those  given  by  the  crusher 
gauge.  Where  these  differ,  as  I  have  elsewhere  pointed  out^  the  two  modes 
of  research  so  widely  different  are  complementary  to  each  other. 

The  chronoscope  takes  little  or  no  note  of  the  violent  oscillations  of 
pressure  acting  during  exceedingly  minute  intervals  of  time.  On  the 
other  hand,  if  with  the  explosives  I  allude  to  we  trusted  to  the  indications 
of  the  crusher  gauge,  we  should  arrive  at  a  most  erroneous  idea  of  the 
energy  communicated  to  the  projectile. 

In  concluding,  if  I  may  venture  to  quote  the  excuse  of  a  much  more 
eminent  man  than  myself,  I  have  only  to  express  my  regret  that  I  have  not 
had  time  to  condense  the  remarks  with  which  I  fear  I  have  fatigued  you, 
while  at  the  same  time  I  am  aware  that  there  are  many  important  points 
in  connection  with  my  subject  which  I  have  left  altogether  untouched, 
and  others  upon  which  I  have  touched  that  require  further  elucidation. 
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Section  A.— MATHEMATICAL  AND  PHYSICAL  SCIENCE. 
Fbesidekt  of  thb  Section — ^I'rofessor  A.  W,  Huckbb,  M.A.,  F.R.S. 


THURSDAY,  AUGUST  9. 

The  President  delivered  the  following  Address : — 

It  is  impossihle  for  a  body  of  English  scientific  men  to  meet  in  one  of  our 
ancient  university  towns  without  contrasting  the  old  ideal  of  the  pursuit' of 
learning  for  its  own  sake  with  the  modern  conception  of  the  organisation  of 
science  as  part  of  a  pushing  business  concern. 

We  are,  as  a  nation,  convinced  that  education  is  essential  to  national  success. 
Our  modem  universities  are  within  earshot  of  the  whirr  of  the  cotton-mill  or  tiie 
roar  of  Piccadilly.  Oxford  and  Cambridge  themselves  are  not  content  to  be 
centres  of  attraction  to  which  scholars  gravitate.  They  have  devised  scliemes 
by  which  their  influence  is  directly  exerted  on  every  market  town  and  almost  on 
every  village  in  the  country.  University  extension  is  but  a  part  of  the  extra- 
ordinary midtiplication  of  the  machineiy  of  education  which  is  going  on  all  around 
us.  The  British  Association,  which  was  once  regarded  as  bringing  liffht  into  dark 
places,  is  now  welcomed  in  every  large  provincial  town  by  a  group  of  well-known 
men  of  science ;  and  we  find  ready  for  the  meetings  of  our  Sections,  not  only  the 
chapels  and  concert-rooms  which  have  so  often  and  so  kindly  been  placed  at  our 
disposal,  but  all  the  appliances  of  well-designed  lecture-rooms  and  laboratories. 

I  do  not  propose,  however,  to  detain  you  this  morning  with  a  discourse  on  the 
spread  of  scientific  education,  but  you  will  forgive  me  if  I  illustrate  its  progress 
by  two  facts,  not  perhaps  the  most  striking  which  could  be  selected,  but  ei^cially 
appropriate  to  our  place  of  meeting.  It  is  little  more  than  thirty  years  since  the 
two  branches  of  science  with  which  our  Section  deals,  Mathematics  and  Physics, 
have  been  generally  recognised  as  wide  enough  to  require  more  than  one  teacher 
to  cope  with  them  in  an  educational  institution  of  high  pretensions  and  achieve- 
ment. In  1860  the  authorities  of  the  Owens  College,  Manchester,  debated  whether 
it  was  desirable  to  create  a  Professorship  of  Natural  Philosophy  in  addition  to,  and 
independent  of,  the  Chair  of  Mathematics.  It  was  thoufi^ht  necessary  to  obtain 
external  support  for  the  opinions  of  thoee  who  advocated  this  step.  An  appeal 
was  made  to  Professors  l)e  Mor^n  and  Stokes.  The  former  reported  that  a 
'course  of  experimental  physics  is  in  itself  desirable;'  the  latter,  that  'there 
would  be  work  enough  in  a  large  institution  for  a  mathematician  and  a  phvsicist.' 

In  the  end  the  Chair  of  Natural  Philosophy  was  established,  and  the  met  that 
our  host  of  to-day,  Professor  Clifton,  was  its  first  occupant  reminds  us  how  little 
we  have  advanced  in  time  and  how  far  in  educational  development  from  the  days 
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when  propositions  such  as  those  I  have  cited  were  only  accepted  on  the  authoritj 
of  the  names  of  Stokes  and  De  Mor^i^. 

The  other  fact  to  which  I  would  refer  is  that  the  Clarendon  Lahoratory,  in 
whiph  the  meetings  of  Section  A  are  to  he  held,  though  erected  harely  a  quarter  of 
a  century  ago,  was  the  first  lahorator^  in  this  country  which  was  speciidly  huilt 
and  design^  for  the  study  of  experimental  physics.  It  has  served  as  a  type. 
Clerk  Maxwell  viated  it  while  planning  the  Cavendish  Lahoratoiy,  and  traces  of 
Professor  Clifton*s  designs  can  be  detected  in  several  of  our  university  colleges. 

But  though  our  surroundings  remind  us  of  the  improvement  which  has  been 
effected  in  the  equipment  of  our  science,  it  would  not  he  difficult  to  indicate  weak 
points  which  should  forthwith  he  strengfthened.  On  these,  in  so  far  as  they  aflect 
education,  I  will  not  dwell — and  that  for  two  reasons.  In  the  first  place,  we  meet 
to-day  not  as  teachers,  but  as  students ;  and,  secondly,  I  think  that  whereas  we 
have  as  a  nation  awoke — though  late  in  the  day — to  the  importance  of  education, 
we  are  not  yet  fully  awake  to  the  importance  of  learning.  Our  attitude  in  such 
matters  was  exactly  expressed  by  one  of  the  most  eminent  of  the  witnesses  who 
gave  evidence  before  the  'Gresham  Commission.'  In  his  opinion  the  advancement 
of  knowledge  must  in  a  university  in  London  be  secondary  to  the  higher  instruc- 
tion of  the  youth  of  London,  u  this  be  so — and  I  will  not  now  dispute  it — ^we 
shall  surely  all  agree  that  somewhere  or  other,  in  London  or  out  of  it,  included  in 
our  universities  or  separate  from  them,  there  ought  to  be  institutions  in  which  the 
advancement  of  knowledge  is  regarded  as  of  primary  and  fundamental  interest,  and 
not  as  a  mere  secondary  oy-product  thrown  o£F  in  the  course  of  more  important 
operations. 

It  is  not  essential  that  in  such  an  institution  research  should  be  the  only  task. 
Investigation  may  be  combined  with  the  routine  work  of  an  observatory,  with 
teaching,  with  the  care  of  standards,  or  with  other  similar  duties.  It  is,  however, 
essential  that,  if  the  advancement  of  knowledge  is  seriously  regarded  as  an  end 
worth  attaining,  it  should  not  be  relegated  to  a  secondary  place. 

Time  and  opportunity  must  be  found  for  investigation,  as  time  and  opportunity 
are  found  for  other  tasks.  It  is  not  enough  to  refer  to  research  in  a  prospectus  and 
then  to  leave  it  to  be  accomplished  at  odd  times  and  in  spare  moments  not  claimed 
by  more  urgent  demands.  Those  to  whom  the  future  of  the  higher  learning  in 
England  is  dear  must  plan  and  scheme  to  promote  the  life-long  studies  of  men,  as 
in  the  last  quarter  ot  a  century  they  have  struggled,  with  marked  success,  to 
promote  the  preparatory  studies  of  boys  and  girls.  That  the  assignment  of  a 
secondary  position  to  research  is  the  more  popular  view,  and  that  the  necessity  for 
encouraging  it  has  as  yet  hardly  been  grasped  by  many  of  those  who  control  our 
modem  educational  movements  is,  I  fear,  too  true.  It  is  therefore  a  matter  for 
congratulation  that  within  the  last  year  Oxford  has  established  a  research  degree, 
and  has  thus  taken  an  important  step  towards  gathering  within  her  fold  workers 
of  mature  years  who  are  able  and  willing,  not  merely  to  gain  knowledge,  but  to 
add  to  it. 

We  may  also  note,  with  pleasure  and  gratitude,  that  the  stream  of  private 
munificence  has  recently  been  in  part  directed  to  the  advancement  of  learning. 
Sir  Henry  Thompson  has  generously  oifered  a  sum  of  6,000/.  to  provide  a 
large  photographic  telescope  for  the  National  Observatory  at  Greenwich.  The 
new  instrument  is  to  be  of  26  inches  aperture  and  22  feet  (5  inches  focal  length,  or 
exactly  double  the  linear  dimen^ons  ot  that  which  has  been  previously  employed. 
Mr.  Ludwig  Mond,  too,  has  added  to  his  noble  gifts  to  science  by  the  new 
research  laboratories  which  he  is  about  to  establish  in  connection  with  the  Royal 
Institution.  Albemarle  Street  is  thronged  with  memories  of  great  discoveries. 
The  researches  of  Lord  Rayleigh  and  the  remarkable  results  of  Professor  Dewar's 
studies  of  matter  at  low  temperatures  are  maintaininir  the  great  reputation  which 
the  Royal  Institution  has  gamed  in  the  past,  and  all  English  physicists  will  rejoice 
that  prospects  of  new  and  extended  useiulness  are  opening  before  it 

Another  hopeful,  though  very  embarrassing,  fact  is  that  the  growth  in  the 
number  of  scientific  workers  makes  it  increasingly  difficult  to  find  the  funds 
which  are  necessary  for  the  publication  of  their  work.    Up  to  the  present  the 
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aatbor  of  a  pap^r  has  bad  to  gubmit  it  to  criticiem,  but,  wben  it  baa  been  ap- 
proved by  competeDt  judja^es,  it  bas  been  publisbed  without  ado  and  without 
expense  to  bimself.  Tbitt  is  as  it  should  be.  It  is  rifj^ht  that  due  care  should  be 
«zerei8ed  to  prune  away  all  unnecessary  matter,  to  reduce  as  far  as  may  be  the 
necessary  cost.  It  will,  however,  be  a  great  misfortune  if  judgment  as  to  what 
curtailment  is  neceeeary  is  in  future  passed,  not  with  the  object  of  removing  what 
is  really  superfluous,  but  in  obedience  to  the  iron  rule  of  poverty.  Apart  from 
all  other  dimdvantages,  such  a  course  would  add  to  the  barriers  which  are 
dividing  the  students  of  different  sciences.  A  few  lines  and  a  rough  diagram  may 
euflice  to  show  to  experts  what  has  been  attempted  and  what  achieved,  but 
there  is  no  paper  so  difficult  to  master  as  that  which  assumes  that  the  reader 
•tarts  from  tne  point  of  vantage  which  months  or  years  of  study  have  enabled 
the  author  to  attain.  Undue  pruning  will  not  make  the  tree  of  knowledge  more 
fruitful,  and  will  certainly  make  it  harder  to  climb. 

Connected  also  with  the  vast  increase  of  scientific  literature  is  a  growing 
necesnty  for  the  publication  of  volumes  of  abstracts,  in  which  the  main  results  of 
recent  investigations  are  presented  in  a  concentrated  form.  English  chemists  have 
long  been  supplied  with  these  b]r  the  Chemical  Societv.  The  Physical  Society, 
though  far  less  wealthy  than  its  elder  sister,  has  determined  to  undertake  a 
aimilar  task.  We  are  compelled  to  be^n  cautiously,  but  in  January  next  the  first 
number  of  a  monthly  pamphlet  will  be  issued  contaming  abstracts  of  all  the  papers 
which  appear  in  the  principal  foreif^n  journals  of  Physics.  In  this  venture  the 
Society  vnll  incur  grave  rcAponsibihties,  and  I  avail  mvself  of  this  opportunity  to 
Appeal  to  all  Biitish  physicists  to  support  us  in  a  work,  the  scope  oi  which  will 
be  rapidly  extended  if  our  first  efforts  succeed. 

From  this  brief  glance  at  what  has  been  or  is  about  to  be  done  to  promote 
the  study  of  Physics,  I  must  now  turn  to  the  discussion  of  narrower  but  more 
definite  problems,  and  I  presume  that  I  shall  be  most  likely  to  deserve  your 
attention  if  I  select  a  subject  in  which  I  am  myself  especially  interested. 

Daring  the  last  ten  years  my  friend  Br.  Thorpe  and  I  have  been  engaged 
upon  a  minute  magnetic  survey  of  the  United  Kingdom.  The  main  conclusions 
at  which  we  have  arrived  are  about  to  be  published,  and  I  do  not  propose  to 
leeount  them  now.  It  is,  however,  impossible  to  give  so  long  a  time  to  a  single 
leseaich  without  having  one's  attention  drawn  to  a  number  of  points  which 
require  further  investigation,  and  I  shall  perhaps  be  making  the  best  use  of  this 
opportunity  if  I  bring  to  your  notice  some  matters  in  the  practical  and  theoretical 
study  of  terrestrial  magnetism  which  deserve  a  fuller  consideration  than  has  yet 
been  given  to  them. 

In  the  first  place,  then,  there  is  little  doubt  that  the  instruments  at  present 
used  for  measuring  Declination  and  Horizontal  Force  are  affected  with  errors  far 
greater  than  the  error  of  observation. 

We  em]^loyed  four  magnetometers  by  Ellk>tt  Brothers,  which  were  frequently 
com]^azed  with  the  standard  instrument  at  Eew.  These  measurements  proved  that 
the  instrumental  differences  which  affect  the  accuracy  of  the  declination  and 
horixontal  force  measurements  are  from  ^Te  to  ten  times  as  great  as  the  error  of 
a  single  field  observation.  The  dip  circle  which  two  generations  ago  was  so 
untrustworthy  is,  in  our  experience,  the  most  satis&ctory  of  the  absolute  instru« 
ments. 

In  most  cases  these  comparisons  extended  over  several  days,  but  the 
Astronomer  Royal  has  described  in  his  recent  report  observations  made  at  Green- 
wich for  two  years  and  a  half  with  two  horizontal  force  instruments.  These 
differ  between  themselves,  and  the  discrepancy  is  of  the  same  order  of  mag^tude 
as  those  we  have  detected. 

If  such  differences  exist  between  instruments  of  the  Eew  pattern,  it  is 
probable  that  they  will  be  still  greater  when  the  magnetometers  under  investiga- 
tion are  of  different  types. 

This  point  has  been  investiflrated  by  Dr.  Van  Rijckevorsel,  who  five  years  ago 

visited  Kew,  Pare  St.  Maur,  Wilhelmshaven,  and  Utrecht,  and,  using  his  own 

'   inatnimetits  at  each  place,  compared  the  values  of  the  magnetic  elements  deter- 
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mined  by  hicoself  with  those  deduced  from  the  eelf-regifltering  appaiatos  of  tlie 
observatory. 

The  discrepancies  between  the  so-called  standards,  which  were  thus  brought 
to  light,  were  quite  startling,  and  prove  the  necessity  for  an  investigation  as  to 
their  causes. 

Magneticians  had  long  been  aware  that  the  instruments  used  by  travellera 
should  be  compared  at  the  beginning  and  end  of  a  journey  with  those  at  some 
fixed  observatory,  to  make  sure  that  the  oomparatLvely  rough  usage  to  which  thi^y 
are  subjected  has  not  affected  thdr  indications,  juut  Dr.  Van  Rtjckevorsers 
expedition  first  drew  general  attention  to  the  fact  that  there  are  serious  differences 
between  the  standard  observatory  instruments  themselves. 

The  importance  of  a  careful  comparison  between  them  was  at  once  recognised. 
The  Magnetic  Sub-Committee  of  the  International  Meteorological  Conference,  held 
at  Munich  in  the  autumn  of  1891,  resolved  tliat  it  is  'necessary  that  the  instru- 
ments employed  for  absolute  measurements  at  the  different  omervatories  should 
be  compared  with  each  other  and  the  results  published.'  As  far  as  I  am  aware, 
nothing  has  been  done  to  give  effect  to  this  resolution,  but  the  necessity  for  auch 
an  international  comparison  is  urgent.  The  last  few  years  have  been^  a  period  of 
unexampled  activity  m  the  conduct  of  local  magnetic  surveys.  To  cite  instancee 
from  the  north-west  of  Europe  only,  observations  have  recently  been  made  on  a 
more  or  less  extended  scale  in  the  United  Kingdom,  France,  Holland,  North 
Germany,  and  Denmark. 

It  will  be  abfiurd  if  these  surveys  cannot  be  collated  and  welded  into  a  homo- 
geneous whole,  because  we  are  in  doubt  whether  the  indications  of  our  standard 
instruments  for  the  measurement  of  declination  and  dip  differ  by  five  or  six 
minutes  of  arc. 

If,  however,  an  official  international  comparison  of  the  magnetic  standards  in 
use  in  different  countries  is  instituted,  it  is  probable  that  only  one  observatory  in 
each  country  will  take  part  in  it. 

It  may  fairly  be  left  to  each  nation  to  determine  for  itself  the  relations  between 
the  results  of  measurements  made  in  its  own  institutions.  Apart,  therefore,  from 
all  other  reasons,  we  in  England  would  only  be  able  to  make  the  best  use  of  an 
international  comparison  if  we  had  beforehand  set  our  own  house  in  order,  and 
were  able  at  once  to  extend  the  results  of  experiments  made  at  Eew  or  Qreenwich 
to  Stonyhurst,  Yalentia,  and  Falmouth. 

This  we  are  not  at  the  present  moment  in  a  position  to  do.  As  far  as  I  know, 
nobody  has  ever  carried  a  magnetometer  backwards  and  forwards  between  Kew 
and  Greenwich  to  test  the  concordance  of  the  published  results.  Daring  the 
recent  survey  single  or  double  sets  of  observations  have  been  made  at  Stonyhurst^ 
Falmouth,  and  Valentia,  with  instruments  which  have  been  compared  with  Kew ; 
but  these  measurements,  though  amply  sufficient  for  the  purposes  of  our  reesftich, 
were  not  numerous  enough  to  serve  as  a  firm  basis  for  determining  the  discrepaDcies 
between  the  various  standards,  so  that  the  exact  relations  between  these  impotrtant 
sets  of  apparatus  are  still  unknown. 

The  first  point,  therefore,  to  which  I  vnsh  to  draw  the  attention  of  the  Section 
is  the  necessity  for  a  full  primary  comparison  between  the  standard  magnetic 
instruments  in  use  at  our  different  observatories. 

But,  if  this  were  satisfactorily  accomplished,  the  question  would  arise  as  to 
whether  it  should  be  repeated  at  regular  intervals.  We  have  at  present  only 
a  presumption  in  favour  of  the  view  that  the  standards  which  we  know  are 
discordant  are  nevertheless  constant.  A  slogle  instance  may  suffice  to  show  how 
necessary  it  may  be— at  all  events  in  the  case  of  outiying  and' isolated  observatories 
— to  put  this  belief  to  the  test. 

In  the  most  recent  account  of  the  work  of  the  observatory  of  the  Bombay 
Government  at  Colaba,  the  dips  are  discussed  for  the  period  of  twenty  yeais 
between  1872  and  1802.  During  this  interval  the  adjustment  of  the  agate  pates 
upon  which  the  dip  needle  rolls  has  thrice  been  modified.  In  1877  the  pktes 
were  renewed.  In  1881  and  1887  the  dip  circle  was  taken  to  piepes  and  remiilt. 
In  the  intervals  the  dip  as  determined  by  several  needles,  but  always  with  tlus 
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circle,  remaindd  approximately  conataaty  but  after  each  overhauIiDg  it  fluddenljr 
altered,  increaslDg  by  12'  on  the  first  occasion,  by  23'  on  the  second,  and  by  2& 
on  the  third.  Mr.  Chambers  states  that  he  '  can  give  no  satisfactory  account  oJT 
this  behaviour  of  the  instrument,'  but  suggests  that '  the  needle  gradually  hollows 
out  a  depression  in  the  agate  plates  on  which  it  rolls,  and  that  uiis  characteristic 
of  the  dip  circle'  has  not  before  been  dLsoovered  owing  to  the  reluctance  of 
magnetic  obeenrers  to  interfere  with  the  adjustments  of  instruments  which  are 
apparently  working  well. 

I  do  not  think  that  this  explanation  will  suffice.  Br.  Thorpe  and  I  employed  a 
new  dip  circle  in  the  earliest  part  of  our  survey  work,  which  has  remained  m  accord 
with  Kew  for  ten  years.  During  that  time  the  dip  has  been  measured  some  700  times 
with  it.  This  corresponds,  I  believe,  to  more  than  the  amount  of  work  done  with  the 
circle  at  Colaba  in  six  years,  which  in  turn  is  longer  than  some  of  the  intervals  in 
which  the  Colaba  instruments  ^ve  results  erroneous  to  the  extent  of  20^.  I  feel, 
therefore,  quite  sure  that  the  difficulties  which  have  been  experienced  at  Bombay 
are  not  due  to  any  *  characteristic  [defect]  of  the  dip  circle.  But,  whatever  the 
cause  may  have  been,  surely  the  lesson  is  that,  if  such  things  can  happen  in  so  well- 
known  an  institution,  it  is  desirable  that  we  should  take  the  moderate  pains 
required  to  assure  ourselves  whether  smaller — ^but,  possibly,  not  unimportant — 
errors  are  gradually  affecting  the  results  at  any  of  our  observatories. 

This  bnngs  me  to  my  next  point,  namely,  that  if  we  are  to  draw  conclusions 
from  the  minor  differences  between  measurements  of  secular  or  diurnal  change  made 
in  the  observatories,  it  is  not  only  necessary  that  we  should  know  whether  the 
instruments  are  strictly  comparable  and  constant,  but  the  observations  must  be 
reduced  by  precisely  the  same  methods. 

In  1886  the  late  Mr.  Whipple  drew  the  attention  of  the  British  Association  to 
the  fact  that  there  was  a  systematic  difference  between  the  diurnal  ranges  of 
declination  at  Greenwich  and  Kew.  His  results  were  based  on  the  three  years 
1870-72.  In  1890  two  of  my  students,  Messrs.  Robson  and  S.  W.  J.  Smith,  ex- 
tended the  comparison  to  three  more  recent  years  (1883-6-7),  and  obtained  restdts 
in  complete  accord  with  those  of  Mr.  Whipple. 

It  is  well  known  that  the  average  daily  oscillation  of  the  magnet  is  affected  by 
the  magnetic  weather.  Sabine  showed  that  magnetic  storms  do  not  merely  buffet 
the  needle  now  in  this  direction  and  now  in  that— -they  affect  its  average  behaviour, 
so  that  the  mean  swing  east  and  west  is  different  according  as  we  deduce  it  only 
from  days  of  magnetic  calm  or  include  those  of  storm. 

Mr.  Whipple  reduced  the  Kew  observations  by  two  methods,^  one  of  which 
depended  on  the  calmest  days  only,  while  the  other  included  those  which  were 
moderately  disturbed.  Neither  agreed  exactly  with  the  method  in  use  at  Green- 
wich, but  the  difference  between  the  results  deduced  from  them  was  so  small  when 
compared  with  the  difference  between  either  and  that  obtained  at  Greenwich,  that 
it  seemed  possible  that  the  diurnal  variations,  even  at  these  closely  neighbouring 
places,  might  differ  appreciably.  The  question  whether  this  is  so  has  now  been 
answered.  In  1890,  at  the  request  of  the  Kew  Committee,  the  Astronomer  Royal 
undertook  to  select  early  in  each  year  ^re  quiet  days  in  each  of  the  preceding 
twelve  months.  It  was  also  agreed  that,  whether  they  ado{>ted  other  methods  or 
not,  the  chief  English  magnetic  observatories  should  determine  the  diurnal  varia- 
tions from  these  <Uys  alone.  The  Greenwich'  and  Kew  observations  for  1890  have 
therefore  been  worked  up  in  exactly  the  same  way,  with  the  result  that  the  dis- 
crepancy, which  had  persisted  for  twenty  years,  has  entirely  disappeared,  and 
that  the  two  diurnal  ranges  at  the  two  observatories  are  in  as  dose  aocwd  as 
could  be  expected. 

If,  therefore,  we  may  jud^  from  a  single  year,  the  cause  of  the  difference  lay  ia 
the  choice  of  days.  Greenwich  will  in  future  give  us  two  diurnal  variations— one 
obtained  from  the  most  quiet  days  only,  the  other  from  all  days  except  tho^e 
of  violent  storm,  and  in  these  we  shall  have  most  valuable  data  for  studying,  the 
mean  effect  of  distuibances  on  the  diurnal  variation. 

*  Sabine's  and  Wild's. 

'  The  Greenwich  observations  for  subsequent  years  have  not  yet  been  published. 
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To  this  satisfactory  coneliuion  I  have  onlj  one  suggestioD  to  add.  The 
Astronomer  Royal  and  M.  Mascart  now  pubiisa  for  the  same  stormy  days  the 
photographic  traces  by  which  the  history  of  a  magnetic  storm  Is  mapped.  Is  it 
posmUe  Tor  Greenwich  and  Paris  also  to  agree  in  their  choice  of  calm  days  for 
the  calculation  of  the  diurnal  variation,  so  that  a  precise  similarity  of  method 
may  obtain  not  only  between  the  English  obserratories,  but  between  England  and 
France  P 

The  importance  of  co-operation  between  institutions  engaged  on  the  same  tasks 
having  been  illustratedi  I  am  glad  to  be  able  to  announce  that  another  step  is 
about  to  be  taken  in  the  same  direction.  For  some  years,  in  spite,  I  believe,  of 
great  financial  difficulties^  the  Oomwall  Royal  Polytechnic  Societ^  has  maintained 
a  magnetic  observatory  at  Falmouth.  The  results  of  the  observations  have  hitherto 
been  printed  in  the  Journal  of  the  Sodety  only,  but  the  Royal  Society  has  now 
consented  to  publish  them  in  the  '  Proceedings.*  Before  long,  therefore,  the  Kew 
and  Falmouth  records,  which  are  already  worked  up  in  the  same  way,  will  be  given 
to  the  world  side  by  side.  Is  it  too  much  to  hope  that  this  may  he  the  first  step 
towards  the  production  of  a  British  Ma^etic  Year  Book,  in  which  observations 
whose  chief  interest  lies  in  their  comparison  may  be  so  published  as  to  be  easily 
compared  P 

We  owe  to  private  enterprise  another  advance  of  the  same  kind.  The 
managers  of  the  new  journal '  Science  Progress'  have  made  arrangements  with 
the  Kew  Committee  for  the  yearly  publication  of  a  table  showing  the  mean  annual 
values  of  the  magnetic  elements  as  determined  at  the  various  magnetic  observa^ 
tories  of  the  world.  It  will  therefore  in  future  be  possible  to  get  a  general  idea  of 
the  rate  of  secular  change  in  difierent  localities  without  searching  through  a 
number  of  reports  in  different  languages,  which  can  only  be  consulted  in  the  rooms 
of  the  few  societies  or  institutions  to  which  they  are  annually  sent.  The  present 
state  of  our  knowledge  of  the  secular  change  in  the  magnetic  elements  affords 
indeed  very  strong  support  to  the  arguments  I  have  already  adduced  in  favour  of 
a  comparison  between  the  instruments  of  our  magnetic  observatories. 

The  whole  question  of  the  cause  of  this  phenomenon  has  entered  on  a  new 
stage.  It  has  long  been  recognised  that  the  earth  is  not  a  simple  magnet,  but  that 
there  are  in  each  hemisphere  one  pole  or  point  at  which  the  dip  needle  is  vertical, 
and  two  foci  of  maximum  intensity.  A  comparison  of  earlier  with  later  magnetic 
observations  led  to  the  conclusion  that  one  or  both  of  the  foci  ia  each  hemisphere 
is  in  motion,  and  that  to  this  motion — however  caused — ^the  secular  change  in  the 
values  of  the  magnetic  elements  is  due.  Thus  the  late  Professor  Balfour  Stewart, 
writing  in  1883,  says :  '  While  there  is  no  well-established  evidence  to  show  that 
either  the  pole  of  verticity  or  the  centre  of  force  to  the  North  of  America  has 
perceptibly  changed  its  place,  there  is  on  the  other  hand  very  strong  evidence  to 
show  that  we  have  a  change  of  place  on  the  part  of  the  Siberian  focus.'  *  The  facts 
in  favour  of  this  conclusion  are  there  discussied.  The  arguments  are  based,  not  on 
the  results  of  any  actual  observations  near  to  the  focus  in  question,  but  on  the 
behaviour  of  the  magnet  at  points  far  distant  from  it  in  Europe  and  Asia.  The 
westerly  march  of  the  declination  needle,  which  lasted  in  England  up  to  1818, 
and  the  easterly  movement  which  has  since  replaced  it,  are  connected  with  a 
supposed  easterly  motion  of  the  Siberian  focus,  which,  it  is  added, '  there  is  some 
reason  to  believe  ....  has  recentlv  been  reversed.*  In  opposition,  therefore,  to 
the  idea  of  the  rotation  of  a  magnetic  focus  round  the  geographical  poles  which  the 
earlier  magnet icians  adopted,  Stewart  seems  to  have  regarded  the  motion  of  the 
'  Siberian  focus  as  oscillatory. 

A  very  different  aspect  is  put  upon  the  matter  by  a  comparison  of  the  msgnetic 
maps  of  the  world  prepared  by  Sabine  and  Creak  for  the  epochs  1840  and  I860 
respectively.  Captain  Creak,  having  undertaken  to  report  on  the  magnetic 
observations  made  during  the  voyage  of  the  <  Challenger,*  supplemented  them  with 
the  unrivalled  wealth  of  recorded  facts  at  the  disposal  of  the  Hydrographic  Depart- 
ment  of  the  Admiralty.    He  was  thus  able,  by  a  comparison  with  Sabine*8  map,  to 
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trace  the  general  coarse  of  the  secular  changes  all  over  the  worid  for  forty  years. 
The  negative  results  may  he  shortly  stated.  There  is  no  evidence  of  any  motion 
either  of  magnetic  pole  or  focus.  The  positive  conclusions  ara  still  more  curious. 
There  are  certain  lines  on  the  surface  of  the  earth  towards  which  in  the  interval 
under  consideration  the  north  pole  of  the  needle  was  attracted.  From  each  side 
the  compass- veered  or  hacked  towards  them.  Ahove  them  the  north  pole  of  dip 
needle  moved  steadily  down. 

There  are  other  hues  from  which,  as  tested  hy  compass  and  dip  circle,  a  north 
pole  was  in  like  manner  repelled.  The  two  principal  points  of  increasing  attrac- 
tion are  in  China  and  near  Cape  Horn ;  the  chief  points  of  growing  repulsion  are 
in  the  North  of  Canada  and  the  Gulf  of  Guinea. 

I  am  sure  that  my  friend  Captain  Creak  would  he  the  first  to  urge  that  we 
should  not  generalise  too  hastily  from  this  mode  of  presenting  the  facts,  but  there 
can  be  no  doubt  that  they  cannot  be  explained  by  any  simple  theory  of  a  rotating  or 
osdllatiDg  pair  of  poles.  Primd  facie  they  suggest  that  the  secular  change  is  due 
not  so  mu^  to  changes  at  the  principal  magnetic  points,  as  to  the  waxiog  and 
waning  of  the  forces  apparently  exert^  by  secondary  lines  or  points  of  attraction 
or  repulsion. 

All  down  the  west  coast  ol  America,  doee — be  it  noted — ^to  one  of  the  great 
lines  of  volcanic  activity,  north  hemisphere  magnetism  has  since  1840  been  grow- 
ing in  relative  importance.  Near  Cape  Horn  a  weak  embryonic  pole  is  developing 
of  the  same  kind  as  the  well-known  pole  at  the  other  en^  of  the  continent  near 
Hudson's  Bav.  Along  a  line  which  joins  Newfoundland  to  the  Cape  of  Good 
Hope,  preciselY  the  reverse  effects  have  been  experienced ;  while  in  the  Gulf  of 
Guinea  a  south  hemisphere  pole  is  growing  within  the  tropics.  Of  course  I  do  not 
suggest  that  these  secondary  systems  can  ever  determine  tne  principal  phenomena 
of  terrestrial  magnetism,  or  reverse  the  magnetic  states  of  the  nemispheres  in 
which  they  occur.  These  are  no  doubt  fixed  by  the  rotation  of  the  earth.  I  do, 
however,  wish  to  emphasise  the  fact  that  they  show  that  either  secular  change 
is  due  to  the  conjoint  action  of  local  causes,  or  that  if  some  single  agent  such  as 
a  current  system  within  the  earth,  or  a  change  of  magnetic  conditions  outside  it, 
be  the  primary  cause,  the  effects  of  this  cause  are  modified  and  complicated  by 
local  peculiarities. 

Mr.  Henry  Wilde  has  succeeded  in  representing  with  approximate  accuracy 
the  secular  change  at  many  points  on  the  Burface  of  the  earth  by  placing  two 
systems  of  currents  within  a  globe,  and  imparting  to  the  axis  of  one  of  them  a 
motion  of  rotation  about  the  polar  axis  of  the  earth.  But  he  has  had  to  supplement 
this  comparatively  sim|^e  arrangement  by  local  features.  He  has  coated  the  seas 
with  thin  sheet  iron.  The  ratio  between  the  two  currents  which  serves  to  depict 
the  secular  change  near  the  meridian  of  Grreenwich  fails  in  the  West  Indies.  luus 
this  ingenious  attempt  to  imitate  the  secular  change  by  a  simple  rotation  of  the 
magnetic  pole  supports  the  view  that  local  peculiarities  play  a  powerful  part  in 
modifvinff  the  action  of  a  simple  first  cause,  if  such  exist.  I  need  hardly  say  that 
I  think  tne  proper  attitude  of  mind  on  this  difficult  subject  is  that  of  suspended 
judgment ;  but  there  is  no  doubt  that  recent  investiffation  has,  at  all  events,  definitely 
raised  the  question  how  far  secular  change  is  either  due  to  or  modified  by  special 
magnetic  features  of  different  parts  of  the  earth. 

It  is  possible  that  light  may  be  thrown  upon  this  point  by  observations  on  a 
smaller  scale.  Assuming  for  the  moment  that  the  difference  in  the  secular  changes 
on  oppoate  sides  of  the  Atlantic  is  due  to  a  difference  of  local  causes,  it  is  conceiv- 
able that  similar  causes,  though  less  powerful  and  acting  through  smaller  ranges, 
might  produce  similar  thouffh  lees  obvious  differences  l^tween  places  only  a  few 
miles  apart.  For  testing  tnis  Greenwich  and  Kew  are  in  many  respects  most 
favourably  situated.  Nowhere  else  are  two  first-class  observatories  so  near  to- 
gether, differences  in  the  methods  of  publishing  the  results  have  made  it  somewhat 
difiicult  to  compare  them,  but  the  late  Mr.  Whipple  furnished  me  with  figures  for 
several  years  which  made  compariBon  easy.  Without  entering  into  details  it  may 
be  sufficient  to  say  that  the  declination  needles  at  the  two  pla<^  do  not  from  year 
to  year  run  parallel  courses.   Between  1880-83  Kew  outstripped  its  rival,  between 
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1885  and  1889  it  lost,  so  tbat  the  gun  was  tather  more  than  compensated.  The 
diiferenoe  of  the  declination  of  the  two  places  appears  to  increase  and  diminish 
through  a  range  of  ^ve  minutes  of  arc. 

This  erideuce  can  be  supplemented  by  other  equally  mgnificant  examples.  No 
fact  connected  with  terrestrial  mwietism  is  more  certain  than  that  at  present 
the  rate  of  secular  change  of  dedination  in  this  part  of  Europe  increases  as 
we  go  north.  This  is  shown  by  a  comparison  of  our  surrey  with  those  of  our  pre- 
decessors fifty  and  thirty  years  ago,  1^  M.  Moureauz's  results  in  France,  and  by 
Captain  Creak's  collation  of  preyio as  obseryat ions.  Yet,  in  spite  of  this,  Stonyhurst, 
which  is  some  200  miles  noith  of  Greenwich  and  Eew,  and  should  therefore  outran 
them,  sometimes  lags  behind  and  then  makes  up  for  lost  time  by  prodigious  bounds. 
Between  1882  and  1886  the  total  secular  change  of  decline  tion  at  Stonyhurst  was 
about  3^-6  lees  than  that  at  Greenwich  and  Kew,  whereas  in  the  two  years  1890-02 
it  reached  at  Stonjhurst  the  enormous  amount  of  28^  just  doubling  the  correspond- 
ing alteration  registered  in  the  same  time  at  Eew.  If  these  fluctuations  are  caused 
by-  the  instruments  or  methods  of  reduction,  my  argpiment  in  fayour  of  frequent 
comparisons  and  uniform  treatment  would  be  much  strengthened ;  but,  apart  from 
the  inherent  improbability  of  such  large  differences  being  due  to  the  methods  of  ob- 
serration,  the  probability  of  their  physical  reality  is  increased  by  the  work  of  the 
magnetic  survey. 

The  large  number  of  observations  at  our  disposal  has  enabled  us  to  calculate  the 
secular  change  in  a  new  way,  by  taking  the  means  of  observations  made  about  five 
years  apart  at  numerous  though  not  identical  stations  scattered  over  districts  about 
160  miles  square.  The  result  thus  obtained  should  be  free  from  mere  local  varia- 
tions, but  as  calculated  for  the  south-east  of  England  for  the  five  years  1886-91  it 
differs  by  nearly  5'  from  the  change  actually  obmrved  at  Eew. 

We  have  also  determined  the  secular  change  at  twenty-five  stations  by  double 
sets  of  observations  made  as  nearly  as  posable  on  the  same  spot  at  intervals  of 
several  years.  The  results  must  be  interpreted  with  caution.  In  districts  such  as 
Scotland,  where  strong  local  disturbances  are  frequent,  a  change  of  a  few  yards  in 
the  position  of  the  ob^rver  might  introduce  errors  far  larger  than  the  fluctuations 
of  secular  change.  But  when  all  such  cases  are  eliminated,  when  all  allowance  is 
made  for  the  possible  inaccuracy  of  field  observations,  there  are  outstanding  varia- 
tions which  can  hardly  be  due  to  anything  but  a  real  difference  in  the  rate  of 
change  of  the  magnetic  elements. 

A  single  example  will  sufiice.  St.  Leonards  and  Tunbridge  Wells  are  about 
thirty  miles  apart.  Both  are  situated  on  the  Hastings  Sand  formation,  and  on  good 
non-magnetic  observing  ground.  At  them,  as  at  the  stations  immediately  around 
them — Lewes,  Eastbourne,  Appledore,  Etchingham,  Heathfield,  and  Maidstone — 
the  local  disturbing  forces  are  veiy  small.  AU  these  places  lie  vnthin  a  district 
about  forty  miles  square,  at  no  point  of  which  has  the  magnet  been  found  to  deviate 
b^  6'  from  the  true  magnetic  meridian.  No  region  could  be  more  favourably 
situated  for  the  determination  of  the  secular  change,  yet  according  to  our  observa- 
tions the  alteration  in  the  declination  at  St.  Leonards  in  dx  years  was  practi- 
cally equal  to  that  at  Tunbridge  Wells  in  five.  It  is  diflicult  to  aiasign  so  great  a 
variation  to  an  accumulation  of  errors,  and  this  is  only  one  amongst  several 
instances  of  the  same  kind  which  might  be  quoted. 

We  find,  then,  when  we  consider  the  earth  as  a  whole,  grave  reason  to  question 
the  old  idea  of  a  secular  change  caused  by  a  magnetic  pole  or  focus  pursuing  an 
orderly  orbit  around  the  geographical  axis  of  the  earth,  or  oscillatug  in  some 
regidar  period  in  its  neighlx)urhood.  It  would,  of  course,  be  absurd  to  admit  the 
possibility  of  change  in  the  tropics  and  to  deny  that  possibility  in  the  arctic 
circle,  but  the  new  facts  lead  us  to  look  upon  the  earth  not  as  magnetically  inert, 
but  as  itself— at  the  equator  as  well  as  at  the  pole — producing  or  profoundly  modify- 
ing the  influences  which  give  rise  to  secular  change.  And  then,  when  we  push  our 
inquiry  further,  accumulating  experience  tells  the  same  tale.  The  earth  seems  as  it 
were  alive  with  ma^etic  forces,  be  they  due  to  electric  currents  or  to  yariations  in 
the  state  of  magnetised  matter.  We  need  not  now  oonuder  the  sudden  jerks  which 
disturb  the  diurnal  sweep  of  the  magnet,  which  are  simultaneous  at  places  finr  apart^ 
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and  probably  originate  in  cavaes  outside  our  globe.  But  the  dower  aecular  change^ 
of  wnieh  the  small  part  that  has  been  obaenred  has  taken  centuries  to  accomplish^ 
is  apparently  also  interfered  with  by  some  slower  agency  the  action  of  which  is 
connned  within  narrow  limits  of  space.  Between  Kew,  Greenwich,  and  Stonyhurst, 
between  St.  Leonards  andTunbridge  Wells,  and  I  may  add  between  Mablethorpe  and 
Lincoln,  Enniskillen  and  Sligo,  Charleville  and  Bcmtry,  the  measured  differences 
of  secular  variation  are  so  large  as  to  suggest  that  we  are  dealing  not  with  an 
unruffled  tide  of  change,  which,  unaltered  by  its  passage  over  continent  or  ocean, 
sweeps  slowly  round  the  earth,  but  with  a  current  fed  by  local  springs  or  impeded 
by  local  obstacles,  furrowed  on  the  surface  by  billows  and  eddies,  from  whicn  the 
luagnetician,  if  he  will  but  study  them,  may  learn  much  as  to  the  position  and 
meaning  of  the  deeps  and  the  shallows  below.  But  if  thin  is  the  view  which  the 
facts  I  have  quoted  suggest,  much  remains  to  be  done  before  it  can  be  finally 
accepted ;  and  m  the  first  place — ^to  come  back  to  the  point  from  which  I  started — 
we  want,  for  some  years  at  all  events,  a  systematic  and  repeated  comparison  of 
tbc  standard  instruments  in  use  at  the  dififerent  observatories.  That  they  are  not 
in  accord  is  certain ;  whether  the  relations  between  them  are  constant  or  variable 
is  doubtful.  If  constant,  the  suggestions  I  have  outlined  are  probably  correct ;  if 
variable,  then  the  whole  or  part  of  the  apparent  fluctuations  of  secular  change  may 
be  nothing  more  than  the  irregular  shiftings  of  inconstant  standards. 

I  cannot  myself  believe  that  this  is  the  true  explanation ;  but  in  any  case  it  is 
important  that  the  doubt  should  be  set  at  rest,  and  that  if  the  apparent  fluctua- 
tions of  secular  change  are  not  merely  instrumental,  the  inquiry  as  to  their  cause 
should  be  undertaken  in  good  earnest. 

The  question  is  interesting  from  another  point  of  view.  It  is  now  fully  estab- 
lished that  even  where  the  surface  soil  is  non-magnetic,  and  even  where  geologists 
have  every  reason  to  believe  that  it  lies  upon  non-magnetic  strata  of  great  thick- 
ness, there  are  clearly -defined  lines  and  centres  towards  which  the  north-seeking 
pole  of  a  magnet  is  attracted,  or  from  which  it  is  repelled.  To  the  magnetic 
surveyor  fluctuations  in  secular  change  would  appear  as  variations  in  the  positions 
of  these  lines,  or  as  changes  in  the  forces  in  play  in  their  neighbourhood. 

Greenwich  and  Eew  are  both  under  the  influence  of  a  wideraread  local  disturb- 
ance which  culminates  near  Reading.  At  both  places  the  needle  is  deviated  to  the 
west  of  the  normal  magnetic  meridian,  and  if  the  westerly  declination  diminishes 
sometimes  faster  and  sometimes  more  slowly  at  one  observatoiy  than  at  the  other^ 
this  must  be,  or,  at  all  events,  would  in  the  first  instance  appear  to  be,  due  to 
local  changes  in  the  regional  disturbing  forces.  The  questions  of  the  nature  of  the 
irregularities  of  secular  change  and  of  the  causes  of  local  disturbances  are  therefore 
intermingled ;  and  information  gained  on  these  points  may  in  turn  be  useful  in 
aolving  the  more  dilficult  problem  of  world-wide  secular  vanations. 

Two  causes  of  regional  and  local  disturbances  have  been  suggested — viz.,  earth 
currents,  and  the  presence  of  visible  or  concealed  magnetic  rocks.  The  two 
theories  are  not  mutually  exclusive.  Both  causes  of  the  observed  eflects  may,  and 
probably  do,  coexist.  I  have,  however,  elsewhere  explained  my  reasons  for  believ- 
ing that  the  presence  of  magnetic  matter,  magnetised  by  induction  in  the  earth's 
field,  is  the  principal  cause  of  the  existence  of  the  magnetic  ridge-lines  and  fod  of 
Attraction  which  for  so  many  years  we  have  been  carefully  tracing.  I  will  only 
now  mention  what  appears  to  me  to  be  the  final  and  conclusive  argument,  which, 
since  it  was  first  enunciated,  has  been  strengthened  by  the  results  of  our  more 
recent  work.  We  find  that  every  great  mass  of  basic  rock,  b^  which  the  needle 
is  afiected  at  considerable  distances,  attracts  the  north-seeking  pole.  Captain 
Creak  some  years  ago  showed  that  the  same  statement  is  true  of  those  islands  in 
the  northern  hemisphere  which  disturb  the  lines  of  equal  declination,  while  islands 
in  the  southern  hemisphere  repel  the  north  pole  and  attract  the  south.  In  other 
words,  these  disturbances  are  immediately  explained  if  we  suppose  that  they  are 
due  to  magnetic  matter  magnetised  by  induction.  The  theory  of  earth  currents 
would,  on  the  other  hand,  require  that  round  the  masses  of  visible  basalt,  and 
round  the  island  investigated  by  Captain  Creak,  currents,  or  eddies  in  currents, 
should  circulate  in  directions  which  are  always  the  same  in  the  same  hemisphere^ 
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and  always  opwMed  on  opjpoute  ridee  of  the  equator.     For  this  Bnppoaltioii  no. 
eatisfttctory  explanation  is  forthooming,  and  therefore,  with  all  reserves  and  a  full 
consciousDess  tnat  in  such  matters  hypothesis  differs  but  little  from  speculation,  it 
appears  to  me  that  the  theory  that  induced  magnetism  is  the  main  cause  of  the 
disturbance  has  the  greater  weight  of  evidence  in  its  favour. 

If  this  be  grantedy  it  is  evident  that  the  positions  of  the  main  lines  and  centres' 
of  attraction  would  be  approximately  constant,  and,  so  far  as  it  is  possible  to  form 
an  opinion,  these  conditions  seem  to  be  satisfied.  There  has  certainly  been  no 
noticeable  change  in  the  chief  loci  of  attraction  in  the  five  years  which  have 
elapsed  between  the  epochs  of  our  two  surveys.  Mr.  Welsh's  observations  made  in. 
Scotland  in  1857-8  fit  in  well  with  our  own.  Such  evidence  is  not,  however,  in- 
consistent with  minor  changes,  and  it  is  certain  that,  as  the  directions  and  msgnitude 
of  the  inducing  forces  alter,  the  disturbing  induced  forces  muftt  alter  also.  But 
this  change  would  be  slow,  and  as  the  horizontal  force  is  in  these  latitudes  com- 
paratively weak,  the  change  in  the  disturbing  forces  would  also  be  small,  unlesa 
the  vertical  force  altered  greatly.  It  is,  at  all  events,  impossible  to  attribute  to 
this  cause  oscillations  whidi  occupy  at  most  eight  or  ten  years.  It  is  possible  to 
suggest  other  changes  in  the  state  of  the  concealed  magnetic  matter — alterationa 
of  pressure,  temperature,  and  the  like— to  which  the  oucillations  of  secular  chanro 
might  be  due,  but  probably  there  will  be  a  general  consensus  of  opinion  that  if  th» 
slowly  changing  terms  in  the  disturbance  fimction  are  due  to  magnetic  matter, 
the  more  rapid  fluctuations  of  a  few  years'  period  are  more  likely  to  be  connected 
with  earth  currents.  It  becomes,  therefore,  a  matter  of  interest  to  disentangle 
the  two  constituents  of  local  disturbances ;  and  there  is  one  question  to  which  I 
think  an  answer  might  be  obtained  without  a  greater  expenditure  than  the  impor- 
tance of  the  investigation  warrants.  Are  the  local  variations  in  secular  change 
waves  which  move  from  place  to  place,  or  are  they  stationary  fluctuations,  ea^ 
of  which  is  confined  to  a  limited  area  beyond  which  it  never  travels  P  Thus,  if 
the  annual  decrease  in  the  declination  is  at  one  time  more  rapid  at  Qreenwich  than 
at  Kew,  and  five  years  afterwards  more  rapid  at  Kew  than  at  Greenwich,  has  the 
maximum  of  rapidity  passed  in  the  interval  through  all  intervening  plsoes,  or  has. 
there  been  a  dividing  hne  of  no  change  which  has  separated  two  districts  which 
have  perhaps  been  the  scenes  of  independent  variations  P  The  answer  to  this 
q^uestion  is,  I  take  it,  outside  the  range  of  our  knowledge  now ;  but  if  the  declina- 
tion could  be  determined  several  times  annually  at  each  of  a  limited  number  of 
stations  in  the  neighbourhood  of  London,  to  this  inquiry,  at  all  events,  a  definite 
answer  would  soon  be  furnished. 

There  are  two  other  lines  of  investigation  which,  I  hope,  will  be  taken  up  sooner 
or  later,  for  one  of  which  it  is  doubtful  whether  the  United  Kingdom  is  the  best 
site,  while  the  other  is  of  uncertain  issue. 

If,  however,  it  be  granted  that  the  principal  cause  of  local  and  regional  magnetic 
disturbances  is  the  magnetisation  by  the  earth's  field  of  magnetic  matter  concealed 
below  its  surface,  the  question  as  to  the  nature  of  this  material  still  remains  to  be 
solved.  Is  it  virgin  iron  or  pure  magnetite,  or  is  it  merely  a  magnetic  rock  of 
the  same  nature  and  properties  as  the  basalts  which  are  found  in  Skye  and  Mull  P 
There  is,  of  course,  no  d  priori  reason  why  all  these  difierent  materials  should  not 
be  active,  some  in  one  place  and  some  in  another. 

As  regards  the  Umted  Kingdom,  I  have,  both  in  a  paper  on  the  Femieability 
of  Magnetic  Rocks  and  in  the  description  of  the  recent  sur\'ey,  made  calculations 
which  tend  to  prove  that,  if  we  suppose  that  the  temperature  of  the  interior  of  the 
earth  is,  at  a  depth  of  twdve  miles,  such  as  to  deprive  matter  of  its  magnetic  proper* 
ties,  and  if  we  further  make  the  unfavourable  assumption  that  down  to  that  limit 
the  susceptibility  is  constant,  the  forces  which  are  onserved  on  the  surface  are  of 
the  same  order  of  magnitude  as  those  which  could  be  produced  by  large  masses 
of  ordinanr  basalt  or  gabbro.  It  would  not,  however,  be  wise  to  generalise  this 
result,  and  to  assume  that  in  all  places  regional  disturbances  are  due  to  basic  rocks 
alone. 

We  know  that  local  effects  are  produced  by  iron  ore,  for  the  Swedish  miners 
seek  for  irun  with  the  aid  of  the  magnet,  and  in  some  other  cases  magnetic  disturlK 
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anoes  of  oonriderftbla  nmge  are  so  inteiue  as  to  suggest  that  material  of  Teiy  liigb 
magnetic  permeability  must  be  present. 

If  the  concealed  magnetic  matter  were  iron,  and  if  it  were  present  in  large 
Quantity,  it  is  evident  that  the  results  of  experiments  with  the  magnetometer  and 
aip  circle  might  be  supplemented  b^  observations  made  with  the  plumb-line  or 
pendulum.  In  such  a  case  the  region  of  magnetic  disturbance  would  also  be  a 
region  of  abnormal  gravitational  attraction.  Aa  account  of  a  sug^ted  connection 
between  anomalies  of  these  two  kinds  occurring  in  the  same  district  has  lately  be^i 
published  bjr  Dr.  Fritsche.^ 

Observations  made  about  thirty  years  ago  by  a  former  director  of  the  Astro* 
noroical  Observatory  in  Moscow  led  to  the  conclusion  that  throughout  two  large 
districts  to  the  north  and  south  of  that  city  the  plumb-line  is  deviated  in  opnosite 
directions.  The  deflections  from  the  vertical  are  very  considerable,  and  inoicate 
a  relative  defect  in  the  attraction  exerted  by  the  rocks  in  the  neighbourhood  of 
Moi$cow  itself,  and  the  suggestion  has  been  made  that  there  is  either  a  huge  cavity 
— a  bubble  in  the  earth-crust — a  little  to  the  south  of  the  town,  or  that  the  matter 
at  that  point  is  less  dense  than  that  which  underlies  the  surface  strata  on  either 
side  at  a  distance  of  ten  or  twelve  miles. 

As  long  ago  as  1863,  Captain  Meyen  made  magnetic  observations  in  order  to 
determine  whether  the  same  district  is  also  the  seat  of  any  ma^etic  irregularity. 
His  stations  were  hardly  sufficiently  numerous  to  lead  to  decisive  results,  but  the 
magnetic  elements  have  recently  been  measured  by  Dr.  Eritsche  at  thirty-one  placea 
witnin  fifty  miles  of  Moscow.  The  experiments  were  all  made  within  eleven 
days,  so  that  no  correction  for  secular  change  is  required.  They  indicate  a  locus 
of  magnetic  attraction  running  through  Moscow  itself.  South  of  the  town  the 
disturbance  again  changes  in  direction  so  as  to  show  either  that  repulsive  forces 
are  in  ^lay,  or  that  there  is  another  magnetic  ridge  line  still  further  to  the  south. 
Dr.  Fritsche  thinks  that  these  observations  explain  the  gravitational  anomalies 
without  recourse  to  the  somewhat  forced  hypothesis  of  a  vast  subterranean  cave, 
lie  assumes  that  there  is  a  concealed  mass  of  iron,  which  approaches  near  to  the 
surface  at  Moscow,  and  also  alon^  two  loci  to  the  south  and  north  of  the  dty.  He . 
attributes  the  magnetic  irregulanties  to  the  attraction  of  the  central  iron  hiU,  the 
deflections  of  the  plumb-line  to  the  flanking  masses.  It  is  perhaps  not  inconceiv- 
able that  such  results  might  follow  in  a  special  case^  but  without  the  support  of 
calculation  it  certainly  appears  that  the  magnetic  experiments  point  to  the 
existence  of  the  principal  attracting  mass  under  the  town.  This  is  in  fact  the 
arrangement  shown  in  the  figure  with  which  Dr.  Fritsche  illustrates  bis  hypotbesia* 
If  this  is  so,  the  theory  vromd  prima  facte  seem  to  require  that  the  bob  of  a  plumb- 
line  should  be  attracted  towaids  and  not — as  is  in  some  places  actually  the  case — 
away  from  the  centre  of  the  magnetic  disturbance.  On  the  whole,  then,  though 
the  coexistence  of  large  magnetic  and  gravitational  disturbances  in  the  same  place 
is  suggestive,  I  do  not  thinlc  that  they  have  as  yet  been  proved  to  be  different 
eflects  of  the  same  hidden  mass  of  magnetic  matter. 

In  a  few  weeks  an  International  Geodetic  Conference  will  meet  at  Innsbruck,, 
at  which  the  Royal  Society  will  be  represented.  It  is,  I  believe,  intended  to 
extend  the  detailed  investigation  of  the  relations  between  the  nature  of  the  earthV 
crust  and  the  gravitational  and  magnetic  forces  to  which  it  gives  rise.  We  may 
therefore  hope  that  special  attention  will  before  long  be  given  to  localities  where 
both  may  combine  to  give  information  as  to  facts  outside  the  range  of  the  ordinary 
methods  of  geology. 

The  second  pnenomenon  on  which  more  light  is  desirable,  is  the  permanent 
magnetisation  of  magnetic  rocks.  It  is  known  that  fragments  of  these  are 
strongly  but  irregularly  magnetised,  but  that  the  effect  of  very  large  masses  at  a 
distance  appears  to  be  due  to  induced  rather  than  to  permanent  magnetism.. 
There  are  tnree  questions  to  which  I  should  like  an  answer.    Are  underground 

*  *  Die  magnetlschen  Looalabweichungen  bet  Moskan  und  ihre  Beziehangen  znr 
dortigen  Local-Attraction,'  BnUettn  de  la  SoeiHi  ImpSr.  d€»  ydturaligte$  de  Afotoau^ 
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nmsaes  of  mugnetite  ever  permanently  magnetised  P  Are  large  areas  of  snrfaee 
masses,  sa^  a  few  hundred  square  yards  in  extent,  ever  permanently  and  approxi- 
mately  uniformly  magnetised  in  the  same  sense  P  Is  there  aoy  relation  between 
the  geological  age  and  the  direction  of  the  permanent  magnetism  of  magnetie 
rocks  P 

Inquiries  such  as  these  can  only  he  taken  up  by  indiridual  workers,  but  I  -ven- 
ture to  think  that  the  comparison  of  the  observatory  instruments  and  the  flncta»- 
tions  of  secular  change  outside  the  observatories  could  best  be  investigated  under 
the  auspices  of  a  great  scientific  society.  The  co-operation  of  the  authorities  of 
the  observatories  will  no  doubt  be  secured,  but  it  is  most  important  that  the 
comparisons  should  in  all  cases  be  made  with  one  set  of  instrumenta,  and  by  the 
aame  methods.  Whether  the  British  Association,  which  for  so  long  managed  a 
magnetic  obeervatorvy  may  think  that  it  could  usefully  inaugurate  the  work,  it 
would  be  improper  for  me  in  a  presidential  address  to  forecast.  Who  does  it  ia 
of  less  importance  than  that  it  should  be  done,  and  I  cannot  but  hope  that  the 
arguments  and  instances  which  I  have  to-day  adduced  may  help  to  nring  about 
not  only  the  doing  of  the  work,  but  the  doing  of  it  quickly. 


The  following  Papers  and  Reports  were  read : — 

1.  Freliminartf  Ea^perimeiiUB  to  find  if  Subtraction  of  WcUer  from  Air 
Ulectrifies  it.  By  Lord  Kelvin,  P.B.S.^  Magnus  Maolean,  Jf.A., 
KB.S.K,  and  Alexander  Galt,  B.Sc.,  F,R,S.E. 

Experiments  with  this  object  were  commenced  by  one  of  us  in  December  1868, 
but  betore  any  decisive  result  had  been  obtained,  circumstances  rendered  a  post- 
ponement of  the  investigation  necessary. 

A  glass  ytube  with  vertical  branches,  each  18  in.  long  and  about  1  in.  bore, 
with  the  upper  eight  inches  of  one  of  the  branches  carefully  coated  outside  and 
inside  with  dean  shellac  varnish,  was  held  fixed  by  an  umneulated  support  at* 
tached  to  the  upper  end  of  this  branch.  The  other  branch  was  filled  witb  little 
fragments  of  pumice  soaked  in  strong  pure  sulphuric  acid  or  in  pure  water ;  and  a 
fine  platinum  wire,  with  one  end  touchmg  the  pumice,  connected  it  to  the  insu- 
lated electrode  of  a  quadrant  electrometer.  A  metal  cylinder,  large  enough  to 
surround  both  branches  of  the  y-tube  without  toudung  either,  was  placed  so  as 
to  guard  the  tube  from  electric  influences  of  surrounding  bodies  (of  which  the 
most  disturbing  is  liable  to  be  the  woollen  cloth  sleeves  of  the  experimenters  or 
observers  moving  in  the  neighbourhcodj).  This  metsl  tube  was  kept  in  metallic 
connection  with  the  outside  metal  case  or  the  quadrant  electrometer.  The  length 
of  the  exposed  platinum  wire  between  the  y-tube  and  the  electrometer  was  so 
short,  that  it  did  not  need  a  metal  screen  to  guard  it  against  irregular  influences. 
An  iudisrrubber  tube  (metal,  metallically  connected  with  the  guard  cylinder, 
would  have  been  better)  from  an  ordinary  blowpipe  bellows  was  connected  to 
the  uninsulsted  end  of  the  g-tube.  Air  was  blown  through  it  steadily  for  nearly 
an  hour.  With  the  sulphuric  pumice  in  the  other  branch  the  electrometer  rose  in 
the  course  of  three-ouarters  of  an  hour  to  about  nine  volts  positiye.  When  the 
pumice  was  moistened  with  water,  instead  of  sulphuric  add,  no  such  efiect  was 
observed.  The  result  of  the  first  experiment  proves  dedsivelv  that  the  passage  of 
the  air  through  the  g-tube  gave  positive  electridt^  to  the  sulphuric  add,  and  there* 
fore  sent  away  the  dried  air  with  negative  electricity.  A  corresponding  experiment 
vrith  fragments  of  chloride  of  caldum  instead  of  sulphuric  pumice  gave  a  similar 
result.  In  repetition  of  the  experiments,  however,  it  has  oeen  noticed  that  the 
strong  positive  electrification  of  the  y-tube  seemed  to  commence  somewhat  sud- 
denly when  a  gurgling  sound,  due  to  the  bubbling  of  air  through  free  liquid, 
whether  sulphuric  add  or  chloride  of  caldum  solution,  in  the  bend  of  the  u-tnbe, 
began  to  be  neard.  We  intend  to  repeat  the  experiments  with  arrangements  to 
prevent  any  bubbling  of  the  air  through  liquid. 

We  have  repeated  our  original  experiment  with  pumioe  moistened  with  water 
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in  the  ineulated  y-tulbe^  and  with  an  nninsolated  (j*taba  filled  with  lulphuiio 
pumioB  between  the  hellowe  and  the  ineulated  tnbe^  so  that  the  «r  entering  it  ie 
artificially  dried.  With  this  arrangement  the  inenlated  n-tuhe  was  negatively 
electrified  by  the  blowing  of  the  air  through  it ;  bnt  this  eieotrificatioD  may  hayo' 
been  due  to  the  negative  electrification  of  ttte  dry  entering  air  to  be  expected  from 
the  result  of  our  fint  experiment  We  intend  to  repeat  the  experiment  with 
artificially  dried  and  du-^iectrified  air  blown  through  the  u^tabe  containing 
pumice  moistened  with  water, 

2.  Preliminary  Experiment  for  comparing  the  Diecharge  of  a  Leyden  Jar 
through  different  JBranches  of  a  Divided  Channel.  By  Lord  Kelvin, 
P.RS.,  and  Albx.  Galt,  B.Sc.^  F.B.S.E. 

In  these  experiments  the  metallic  part  of  the  discharge  channel  was  divided 
between  two  lines  of  oonductLng  metaU  each  consisting  in  part  of  a  test-wire,  the 
other  parts  of  the  two  lines  being  wires  of  difierent  shape,  nouiterial,  and  neighbour- 
hood,  of  which  the  qualities  in  respect  to  facility  of  discharge  through  them  are  to 
be  compared. 

The  two  test-wires  were,  as  nearly  as  we  have  been,  hitherto  able  to  get  them, 
e^ual  and  similar,  and  similarly  mounted.  Each  test-wire  wax  51  cm.  of  platinum 
wire  of  "OOG  cm.  diameter  and  12  ohms  resistanoe,  stretched  straight  between  two  metal 
terminals  at  the  ends  of  a  ^ lass  tube.  One  end  of  the  platinum  wire  was  soldered 
to  a  stiff  solid  brass  mountmg ;  the  other  was  fixed  to  a  fine  spring  carrving  a  light 
arm  for  multiplying  the  motion.  The  testing  effect  was  the  neat  develops  in  the 
test-wire  by  tne  discharge,  as  shown  by  its  elongation,  the  amount  of  which  was 
jud^ped  frem  a  curve  traced,  by  the  end  of  the  multiplying  arm,  on  sooted  paper 
earned  by  a  moving  cylinder.  Two  of  Lord  Kelvin's  vertical  electrostatic  volt- 
meters, suitable  respectively  for  voltages  of  about  10,000  and  1,600,  were  kept 
constantly  with  their  cases  connected  with  the  outer  coatings  of  the  leyden^  and 
their  insiuated  plates  with  the  inside  coatings  of  the  leyden. 

L  In  the  experiments  hitherto  made  the  two  wires  to  be  tested  have  generally 
been  of  the  same  length.  When  they  were  of  the  same  material,  but  of  different 
diameters,  the  testii^  elongation  showed,  as  was  to  be  expected,  that  the  test-wire 
in  the  branch  containing  tne  thicker  wire  was  more  heated  than  the  test- wire  in 
the  other  branch.  In  a  continuation  of  the  experiments  we  hope  to  compare 
hollow  and  tubular  wires  of  the  same  external  diameter,  and  same  length  and  same 
material. 

II.  With  wires  of  different  non-magnetic  material — for  example,  copper  and 
platinoid — of  the  same  length,  but  of  veiy  different  diameters,  so  as  to  nave  the 
same  resistances,  the  testing  elongations  were  very  nearly  equal. 

III.  In  one  series  of  experiments  the  tested  conductors  were  two  bare  copper 
wires,  each  *16  cm.  diameter,  9  metres  lon^ ,  and  resistance  *065  ohm,  which,  it  will 
be  observed,  is  very  small  in  comparison  with  the  12  ohms  in  each  of  the  platinum 
test- wires.  One  of  the  copper  wires  was  coiled  in  a  uniform  helix  of  forty  turns  on 
a  glass  tube  of  7  cm.  diameter.  The  length  of  the  helix  was  85  cm.,  and  the  distance 
from  centre  to  centre  of  naghbouring  turns  therefore  i  cm.  The  middle  of  the 
other  copper  wire  was  hung  by  silk  thread  ^m  the  ceiling,  and  the  two  halves 
passed  down  through  the  air  to  the  points  of  junction  in  tiie  circuit  The  elonga- 
tion of  the  test-wire  in  this  channel  was  more  than  twice  as  much  as  that  of  tiie 
test-wire  in  the  channel,  of  which  the  helix  was  part 

rV.  One  hundred  and  seventy-one  varnished  pieces  of  straight  soft  iron  wire 
were  placed  within  the  glass  tube,  which  was  as  many  as  it  could  take.  This  made 
the  testmg  elongation  ten  times  as  great  in  the  other  channeL 

y.  The  last  comparison  which  we  have  made  has  been  between  iron  wire  and 
platinoid  wire  conductors*  The  length  of  each  was  502*5  cm.  The  diameter  of 
the  iron  wire  was  -034  cm.,  and  its  resistance  6*83  ohms.  The  diameter  of  the 
platinoid  wire  was  "068  cm.,  and  its  resistance  6*82  ohms.  Each  of  these  wires  was 
supported  by  a  silk  thread  from  the  ceiling,  attached  to  its  middle  (as  in  III.  and  IV . 
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for  one  of  the  teited  eondaeton).  Fourteeo  experim«Qts  were  made,  eeten  with 
the  test-wine  inteidumged  lelattTelj  to  the  braochea  in  which  they  were  placed 
for  the  first  seyen.  The  following  table  shows  the  means  of  the  results  thua 
obtained,  with  details  regarding  the  electrostatie  capacities  of  the  leyden-jaza  and 
the  voltagei  concerned  in  the  results. 

In  eadi  case  four  leyden-jars,  connected  to  make  virtuaUy  one  of  capadty  •02742 
microfiurady  were  charged  up  to  9,000  yolts,  and  discharged  through  divided  channel. 
The  enerffy,  therefore,  in  the  leyden  before  diachaige  was  1M06  x  10"  ergs.  In 
each  of  the  first  three  cases  1,450  yolts  were  found  remaining  in  the  jars  after 
diflcharge ;  in  each  of  the  last  four  1,400. 


Energy  remain- 
ing in  leyden 
after  disebaige 

Energy  oaed 

In  channel  oontaining 
platinoid 

In  channel  containing 
iron 

•29x10*  ergs 
»» 

•27  X  10*  ergs 

w 
I* 

10-82  X 10*  ergs 
f* 

10-84  xlVcrga 

means 
•017941 
•01861     01829 
•01882  J 
•01828 

•01828  1  .ftioofi 
•01828  (  ^^^^ 
•01866  J 

•01226 1 

•01247 

•01244 

•01276^ 

•01280 

•01244 

•01244. 

means 
•01239 

,•01261 

The  mode  of  measuring  the  elongation  of  the  test-wires  was,  as  may  be  under* 
stood  irom  the  preceding  description,  somewhat  crude,  but  it  is  reassuring  to  see 
that  the  mean  results  in  the  cases  of  10*82  and  10*84  megalergs  of  energy  used  are 
so  nearly  equal.  The  ratios  for  the  two  circuits  are,  in  tiie  two  ca^es,  respectiyely 
1  •48  and  l'&.  The  conclusion  that  Uie  heating  effect  in  the  test-wire  in  series  with  the 
platinoid  wire  is  nearly  one-and-a>half  time  as  great  as  that  of  the  test-wire  in  series 
with  ike  iron  is  certainly  interesting,  not  only  in  itself,  but  in  relation  to  Professor 
Oliyer  Lodge's  exceedingly  interesting  and  instructiye  experiments  on  altomatiTe 

Saths  for  the  discharge  of  leyden-jars,  described  in  his  book  on  '  Lightning  Con* 
uctors  and  Lightning  Guards,'  wmch  were  not  decisiye  in  showing  any  general 
superiority  of  copper  oyer  iron  of  the  same  steady  ohmic  resistance,  but  eyen 
showed  in  some  cases  a  seeming  su^riority  of  the  iron  for  efficiency  in  the  dis- 
charge of  a  leyd en-jar.  Our  result  is  quite  such  as  might  haye  been  expected  from 
experiments  made  eight  years  ago  by  Lord  Rayleigh  and  described  m  his  paper 
'  On  the  Self-induction  and  Bedstance  of  Oompound  Conductors.'  ^ 


3.  On  Photo-eUctric  Leakage,    By  ProfeBsor  Olivbb  J.  Lodob,  FM.S. 


Beport  on  the  Present  State  of  our  Knowledge  of  Thermodynamics^ 
Part  ILf  *  On  the  Laws  of  Distribution  of  Energy  and  their  Limita- 
tions.'   By  G.  n.  Bbtak,  ir.il.— See  Reporta,  p.  64. 


5.  On  the  Possible  Laws  of  Partition  of  RotaJtory  Energy  in  Non-coUiding 
Rigid  Bodies.    By  G.  H.  Bbtan,  if.^.— See  Reports,  p.  98. 


6.  On  the  Law  of  Molecular  Distribution  in  the  AtmospJiere  of  a  BotaJting 
Planet.    By  G.  H.  Bbtak,  if.il.— See  Reports,  p.  100. 


Phil,  Mag,,  yol.  xxii.  1886,  p.  469. 
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7.  On  the  Applieaiion  of  the  Determinanial  Rdation  to  the  EineUe  Theory 
of  Polyatomic  Gases.  By  Professor  LuDWio  Boltzmank.— Bee  Reports, 
p.  102.  *^ 


FRIDAY,  AUGUST  10. 

(Joint  Meeting  with  Section  G.) 

The  following  Papers  were  reed : — 

1.  On  Planimeters.    By  Professor  O.  Hbnbioi,  F.R.S. 

This  Paper  was  ordered  bj  the  General  Oommittee  to  be  printed  tn  extenso. 
See  Reports,  p.  486. 


2.  Noie  on  the  Behamour  of  a  Rotating  Cylinder  in  a  Steady  Current. 
By  Abnulph  Mallook. 


3.  On    the   Besistance    experienced   hy  Solids  moving  through  Fluids. 
By  Lord  Eblyik,  P.B.S. 


4.  A  Discussion  on  Flight  was  opened  hy  Mr.  Hibam  S.  Maxim. 


SATURDAY,  AUGUST  11. 
The  Section  was  diyided  into  three  Departments. 
The  following  Papen  and  Reports  were  read: — 

Depabtment  I. 

A  Method  o/Determining  aU  the  Rational  and  Integral  Algebraic  Integrals 
of  the  Abelian  System  of  Differential  Bquations.  By  W.  R.  Wsstbopp 
ROBBBTS,  M.A. 

The  method  of  treatment  adopted  in  this  paper,  though  pregnant  with  facts 
oalctilated  to  throw  light  on  the  general  theory  of  Abelian  functions  and  integrals, 
has  been  strictly  confined  to  the  determination  of  the  forms  of  the  algemtdc 
integnds  which  are  rational  and  integral  functions  of  the  variables  and  arbitrary 
constants  which  enter  into  them.  Jacobi's  method  of  treatment  enables  us  to 
determine  many  of  the  algebraic  forms  of  the  integrals  of  the  differential  system, 
but  none  of  them  are  rational  or  integral,  and  even  in  the  case  of  elliptic  integrals 
the  one  rational  algebraic  integral  which  the  differential  equation  possesses, 
mvolving  an  arbitrary  constant,  is  arrived  at  with  some  difficulty  from  the  known 
forms  of  the  integral  which  are  not  integral  functions  of  the  variables.  In  the 
case  of  bypcT'eUiptic  integrals  I  am  not  aware  that  rational  and  integral  forms 
have  yet  been  given.  The  result  of  the  present  paper  enables  us  to  write  down  for 
any  case  the  forms  of  the  algebraic  integrals  which  are  all  rational  and  integnl. 

Again,  being  given  one  of  these  forms,  all  the  remaining  ones  can  be  determined 
by  the  application  of  an  operator  d. 

With  regard  to  the  method  adopted  in  the  paper,  I  first  show  how  to  find  aU 
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the  conditions  which  must  be  satMed  in  order  thtf  a  hinerj  auantic  of  thb 
degree  2n  may  be  a  perfect  squarei  and  show  that  they  may  be  all  found  from  a 
matrix  which  I  call  the  iquare  matrix  for  the  functions  of  the  degree  2n.  I  have 
not  entered  on  any  discussion  of  these  curious  conditions  and  their  intimate 
relationflAiip,  whidi  are  well  worthy  of  examination,  insomuch  as  their  number  is 
the  number  of  ways  in  which  4n-3  quantities  may  be  taken  2n— 2  together, 
and  are  still  equivalent  to  but  n  conditions. 

The  Abelifui  system  of  differential  equations  may  be  written 

where  there  are  m  quantities  Sj,  z^  z^,  and  m-1  equations,  as  is  clear  £rom  the 
aboTe  method  of  writing  them  if  we  suppose  that  t  can  have  any  integer  yalue 
fromt-Otoi-m-2;  al8o/(2)«««"»  +  PiS«»-*  +  Paa;'~-«+   .  .  .  Pj^. 

I  now  form  a  function  which  I  call  F  (z),  and  which  is  of  the  degree  2m  •  2 
in  the  following  manner. 

Let 

(^(«)s(«-«i)  («-«,)  .  .  .  («-«^) 

L(2)=5"*  +  Pj^-*  +  X-si«-'  +  X^-»+   .  .  .  X,„; 
L  (s)  introducing  m  —  l  quantities  X,,  X,  .  .  .  X^  ; 
then  I  write 

F(s)sAo{/(«)+  {^(«)}'-2^(s)L(z)}, 

which  is  easily  seen  to  be  of  the  degree  2m  -  2  in  s ;  also  its  source  is  / 

Ao{l>«'-2X„p«  +  P,«}.  J 

Now  I  say  this  function  F  (2)  must  be  a  perfect  square.  Formiug,  then,  the  varioi'fi 
conditions  from  the  square  matrix  of  F  (s).  we  have  all  the  forms  of  the  algebra!  >ic 
integrals  of  the  Abelian  system  1 

which  are  rational  and  integral,  iuTolving  m  — 1  arbitrary  constants  X,,  X,  .  .  .  X^,    ^ 


2.  On  a  Graphical  Transformer,^     By  A.  P.  Trotter. 

This  instrument  is  intended  for  the  expeditious  replotting  of  a  curve  wit 
transformed  ordinates  without  calculation  or  scaling.  It  consists  of  a  rectanguli* 
frame  and  a  curved  template  or  cam,  and  is  used  m  conjunction  with  a  sttaigli 
ruler.  ^ 

Let  the  scale  of  one  system  of  ordinates  be  set  off  upwards  along  the  edge  <* 
one  of  the  perpendiculars,  and  the  scale  of  the  other  along  the  edge  of  the  oth^ 
perywndicufar,  but  downwards.  Join  the  corresponding  points  on  the  scale  ll 
straight  lines.  The  envelope  of  this  system  of  lines  may  be  thus  drawn,  and  to  th  1 
curve  a  cam  is  cut  in  thin  wood  or  ebonite. 

To  transform  any  ordinate,  set  the  frame  against  a  T  square,  adjusting  the  edg' 
to  the  ordinate,  and  the  zero  to  the  zero  of  the  scale.  Set  a  needle  at  the  extremit ' 
of  the  ordinate ;  bring  a  straight  edge  to  touch  the  needle  and  the  cam  ;  prick  o)l 
a  point  at  the  intersection  of  the  straight  edge  with  the  other  edge  of  the  framcl. 
This  point  determines  the  length  of  the  new  ordinate.  \ 

An  instrument  provided  with  a  logarithmic  cam  wss  exhibited.  With  thil 
instrument  the  product  or  quotient  of  two  curves  can  be  found  by  adding  or  subl 
tracting  the  logarithms  of  the  ordinates ;  or  the  logarithms  of  a  series  of  observa-{ 
tions  can  be  plotted.    Cams  for  other  functions  can  be  easily  made ;  but  it  must  I 

>  Printed  in  wtens6  in  the  Eleetrioian,  August  17,  1894,  vol.  xxzm.  p.  466. 
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remembered  that  the  action  of  the  instniment  is,  as  it  were,  arithmetical  rather 
than  geometrical,  for  a  cam  is  useful  only  with  reference  to  its  own  snle. 

This  inAtrument  not  only  enables  transformations  of  a  definite  and  known 
character  to  be  made,  but  is  equally  applicable  for  transforming  in  an  empirical 
manner.  The  curve  drawn  by  a  recording  Toltmeter  or  ammeter  may  thus  be 
replotted  for  estimation  of  area,  or  other  graphical  analysis,  without  any  Imowledge 
of  the  law  of  the  particular  instrument.  In  other  words,  a  correction  can  be 
applied  to  a  curve. 

The  cams  are  easy  to  make,  and  even  if  carelessly  cut  cannot  possibly  give 
rise  to  cumulative  errors.  It  is  convenient  to  use  the  upper  edge  of  the  ruler 
instead  of  the  edge  which  rolls  on  the  cam.  The  curve  must  in  this  case  be  set 
out  with  the  ruler,  and  used  with  the  same  ruler,  or  one  of  the  same  width.  The 
rolling  of  a  straight  edge  on  a  cam  has  been  used  in  a  photometer,  invented  by 
Mr.  W.  H.  Preece  and  the  author,^  for  the  automatic  calculation  of  the  squares  of 
the  displacements  of  a  lamp. 

3.  On  a  Linkage  for  the  Automatic  Description  of  Regular  Polygons, 
By  Professor  J.  D.  Everett,  F.R.S. 

Let  any  number  of  equal  bars  be  jointed  toother  in  the  manner  of  a  lazytongs, 
so  as  to  lie  in  two  superposed  planes,  each  bar  m  one  plane  (except  the  end  bars) 
being  jointed  at  both  ends,  B,  D,  and  at  one  intermediate  point,  C,  to  the  correspond- 
ing points  of  three  bars  in  the  other  plane ;  but  instead  of  the  two  distances  BC,  CD 
being  equal,  as  in  the  ordinary  lazvtongs,  let  them  be  unequal,  CD  being  the  gpreater. 
All  the  bars  are  to  be  precisely  auke.  They  will  form  a  frame  with  one  degree  of 
freedom,  resembling  in  this  respect  an  ordinary  lazytongs ;  but  instead  of  the  three 
series  of  points,  B|  B,  .  .  .  ,  C^  C,  .  .  .,  D^  D^  .  .  .,  being  ranged  in  three  pandlel 
straight  lines,  they  will  be  ranged  in  three  concentric  circular  arcs,  two  of  which^ 
namely,  B.  B|  «  .  .  and  Dj  D,  .  .  .  ,  formed  by  the  inner  and  outer  ends  respec- 
tively, will  subtend  the  same  angle  at  the  common  centre  O.  In  place  of  the 
rhombuses  of  the  ordinary  lazytongs  we  shall  have  kites,  and  the  axes  of  all  the 
kites  will  pass  through  O. 

When  the  frame,  supposed  to  be  at  first  pushed  close  in,  is  gradually  opened  out 
so  as  to  increase  the  widths  and  diminish  the  lengths  of  the  kites,  the  curvatures  will 
increase  in  a  double  sense :  the  arcs  formed  by  the  inner  and  outer  ends  will  in- 
crease in  length,  and  at  the  same  time  their  radii  will  diminish.  The  common 
angle  which  they  subtend  at  the  centre  will  accordingly  increase  very  rapidly,  and 
may  easily  amount  to  360^  or  more.  When  it  is  exactly  360°,  the  first  and  last 
points  B  will  cobcide,  as  will  also  the  first  and  last  points  D.  In  this  position  the 
points  D  will  be  the  comers  of  one  regular  polygon,  the  points  C  of  another,  and  the 
points  B  of  a  third.  We  have  thus  an  automatic  arrangement  for  constructing  a 
regular  polygon  with  any  number  of  sides.  Also,  as  the  axes  of  successive  kites  are 
equally  inclined  to  one  another,  we  have  the  means  of  dividing  an  arbitrary  an|fle 
into  any  number  of  equal  angles — ^an  end  which  can  also  be  attained  by  employing 
the  principle  that  equal  arcs  in  a  circle  subtend  equal  Angles  at  a  point  on  the  cir- 
cumference, or,  still  more  conveniently,  by  making  use  of  the  fact  that  those  bars 
which  correspond  to  parallel  bars  in  an  ordinary  lazytongs  are  equally  inclined  each 
to  the  next 

Strictly  speaking,  the  figures  obtained  are  not  polygons,  but  stars,  which  can  be 
converted  into  regidar  polygons  by  joining  the  ends  of  their  rays.  It  frequently 
happens  that  the  curvature  can  be  extended  far  beyond  860°,  giving  a  succession  of 
regular  stars  with  a  continually  decreasing  number  of  rays. 

Let  each  of  the  bars  above  described  be  lengthened  at  its  inner  end,  B,  till  a 
point  A  is  reached,  such  that  the  three  distances,  AB,  AC,  AD,  are  in  geometrical 
progression.  Then  it  can  be  shown  that  the  radius  OA  of  the  circular  arc  formed 
by  the  ends  A  is  constant,  and  ec^ual  to  AC.  Hence  the  common  centre,  O,  can  be 
found  automatically  by  employing  two  additional  bars  of  length  AC,  jointed 

...»  Proc  Jnst.  C.JS.,  voL  ex.  pj  81. 
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together  at  one  end,  O,  and  jointed  at  their  other  ends  to  two  of  the  pointe  A. 
These  hars  OA  may  be  ealled  radiut  bars,  the  other  bars,  AD,  being  cslled  lonff  ban. 
The  proof  ib  easily  gathered  from  an  inspection  of  the  accompanying  figure,  in  which 
OAi,  OA^,  OA3,  OA4  are  radius  bars,  A^D,  A4D  long^  bars,  and  A^C„  A.0,  portiona 
of  two  ouier  long  bars  whose  remaining  portions  are  indicated  by  dotted  lines.  The 
figure  contains  two  eoual  and  similar  jointed  rhombuses,  OU^,  OC,,  and  three 
similar  kites,  OB,  DB,  DO.  Each  of  the  bars  A,0„  A3C,  is  cut  in  a  fixed  ratio  at 
the  point  of  crossing,  B,  the  ratio  of  the  smaller  part  to  the  whole  being  0A|  :  A,D ; 
bence  we  can  haye  joints  both  at  B  and  D,  as  well  as  at  O,  and  the  other  corners 
of  the  rhombuses,  without  hampering  the  motion. 

Two  radius  bars  are  in  general  sufficient  to  giye  the  centre,  but  we  may  in 
theory  attach  a  radius  bar  at  each  point  A,  and  jomt  their  other  ends  together  at 
one  point,  0,  which  will  be  the  common  centre.  There  are  difficulties  in  the  way 
of  realising  this  desiffn  in  practice,  except  with  a  yery  limited  range  of  moyement ; 
but  by  carefully  selecting  the  best  order  of  superposition  of  the  bars,  and  by 
thinning  off  the  radius  bars  towards  the  end  where  they  are  all  superposed,  it  has 


been  successfully  carried  out  in  two  of  the  frames  exhibited,  each  consisting  of  ten 
long  bars  and  ten  radius  bars.  The  other  frame  exhibited  illustrates  the  firtft 
paragraph  of  this  abstract,  and  consists  of  ten  bars  BD.  The  number  of  bars 
in  this  frame  might  be  increased  indefinitely. 

If  m  denote  the  ratio  of  a  long  bar  to  a  radius  bar,  or  of  the  longer  to  the 
shorter  sides  of  a  kite,  2  a  the  angle  between  the  two  shorter  sides,  and  2  /9  the 
angle  between  the  two  longer  sides  of  a  kite,  then,  by  considering  one  of  the  two 
triangles  into  which  a  kite  is  diyided  by  its  axis,  we  haye  sin  a/tmfi^m^  which 
is  equiyalent  to 

tan  J  (a-/3)/tan  J  (ai./3)  =  (m-l)/(m  +  l). 

o-i-3is  one  of  the  angles  of  a  rhombus,  and  a-j3  is  the  angle  between  two  oon- 
aecutiye  rays  of  a  star.  ,      .,    , 

In  the  case  of  the  frame  first  described,  consisting  of  2  n  bars  BD,  when  a 
regular  star  of  n  rays  is  formed,  the  central  figure  in  the  frame  will  be  a  polygon 
of  2fi  sides,  whose  angles  are  alternately  a-t-jS  and  86a^<-2a. 
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For  the  radii  of  the  circular  arcs  we  have  (calling  a  radiut  bar  unity) 
OA»l,OG-2co8H<>-*'/9)> 

OB-^|l+i,  +  ?coe(a  +  /3)). 

OA  18  a  side  of  a  rhombus,  and  00  one  of  its  diagonals.  OD  is  the  length  of  the 
largest  kites,  and  OB  the  length  of  the  inner  kites. 

Any  two  of  these  four  n^  may  be  equal,  except  that  OD  is  always  greater 
than  either  00  or  OB. 

When  OA  =  OB  we  have  2  cos  (a+3)«  -l/m=  -sin  fi  sin  a;  whence 
2a  +  /9-180^,cosa  =  8in  J/3«l/(2m). 

OA«OC  gives  o +  P- 120**. 
OA-OD    „     cos(a  +  /9)--iw/2. 
0B«00     „    co8(a  +  /9)=-(m  +  l)/(2m). 

Of  the  two  twenty-bar  frames  exhibited,  one  has  joints  at  both  B  and  D,  with 
III  s  2 ;  the  other  has  no  joints  at  B,  and  its  ends  can  be  made  to  overlap  so  much 
as  to  give  a  three-rayed  star. 

4.  On  the  Addition  Theorem,    By  Professor  Mittag-Lkffler. 

Professor  Mittag-Leffler  called  attention  to  the  intimate  relation  which  exists 
between  the  modem  theories  of  ordinary  non-linear  differential  equations  and  the- 
addition  theorem.  He  expluned  how  the  theories  created  by  Fuchs,  Poincar^,  and 
Picard  may  be  generalised  bv  making  use  of  the  considerations  introduced  by 
WeierstrasR,  and  showed  the  direction  which  this  generalisation  must  take.  He 
also  pointed  out  that  the  addition  theorem  itself  may  be  generalised  to  a  very  con- 
siderable extent,  and  that  the  resulting  theory  has  important  applications  to  the 
theory  of  differential  equations. 


5.  Note  on  a  General  Theorem  in  Dynamics.   By  Sir  Bobbbt  Ball,  F,RS.  . 

The  following  general  theorem  establishes  a  relation  which  characterises  the 
particular  type  of  screw-chain  homography  which  is  of  importance  in  djrnamics. 

Let  a,  3,  y,  &c.,  be  a  series  of  screw-chains  about  which  a  mechanical  system 
of  any  kind  with  any  degree  of  freedom  can  twist. 

IJet  1}  be  the  impulsive  screw-chain  which,  if  the  system  were  at  rest,  would 
make  the  system  commence  to  move  by  twisting  about  a. 

Let  (  be  the  corresponding  screw-chain  related  to  /3,  and  C  to  y,  &c. 

Then  the  two  systems  of  screw-chaios,  o,  /9,  y,  &c.,  and  rj,  $,  ^,  &c.,  are  homo- 
graphic. 

But  this  homography  is  not  of  the  most  general  type.  It  was  only  lately  that 
I  succeeded  in  ascertaining  the  further  general  condition  that  the  screw-chains- 
must  satisfy. 

I^et  v^  denote  the  virtual  coelBcient  of  the  screw-chains  a  and  (  ;  %.€,,  let  this- 
symbol  denote  the  rate  at  which  work  is  done  by  the  unit  of  twist  velocity  about 
a  against  the  unit  wrench  on  $, 

Then  every  three  screws  a,  3,  y  in  one  group  are  connected  with  their  three- 
correspondents  17,  (,  ( in  the  other  group  by  tlie  relation 
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6.  Th6  AtymmeUie  Prdbahility  Cwrve,    By  F.  Y.  Edobwobth,  M.A. 

The  asjmmetric  probability  curve  is  the  general  form  of  the  law  of  error.  It 
may  be  obtained  by  aolving  a  system  of  partial  ditferential  equations,  which  is  the 
generalisation  of  die  system  given  by  Mr.  Morgan  Crofton  for  the  symmetrical 
probability  curve  (' EocyclopSBdia  Britannica,'  article  on  Probabilities,  p.  781, 
equations  45,  46).    The  generalised  system  may  be  written : 

^  ^  dk        'Jd.v' 


1(3) 


rfy  __  _  1  rfj,!/ 
~dj        6d.v^ 


where  y  is  the  frequency  with  which  any  error  .r  occurs ;  .r  is  measured  from  the 
centre  of  gravity  of  errors ;  k  is  the  sum  of  squares  of  errors  measured  from  that 
point;  j  the  similarly  measured  sum  of  cubes.  The  solution  of  the  cystem  is  a 
series  of  ascending  powers  of  x,  each  term  of  which  consists  of  a  series  of  ascending 
powers  otj-7-ki.  Ifj  is  put  =  0,  the  curve  being  treated  as  symmetrical,  the  series 
reduces,  as  it  should,  to  tne  ordinary  probability  curve 

y^      7_-   e   tt 

s/n  s/'jk 

If  j-T-kw  is  small,  the  curve  being  i>nly  slightly  asymmetrical,  the  series  reduces  to  a 
curve  which  is  indicated  by  Tod  hunter  as  being  related  to  the  ordinary  probability 
curve  as  a  second  is  to  a  tirst  approximation  (Todhunter,  *  History  of  Probabili- 
ties;'  Laplace,  art.  1002,  p.  568).  This  slightly  asymmetrical  probability  curve 
may  be  used  to  correct  the  theoiy  of  cor  relation  investigated  by  Messrs.  F.  Galton 
and  H.  Dickson  (*Proc.  Roy.  Soc.,*  1886),  and  by  the  present  writer  (*Phil.  Mag.,' 
.  November  and  December  1892).  Whereas,  according  to  the  first  approximation, 
the  most  probable  y  corresponding  (or  '  relative')  to  any  assigned  (or  '  subject  '> 
value  of  .r  lies  on  a  right  line  passing  through  the  origin,  according  to  the  second 
approximation  the  locus  of  correlates  is  a  parabola. 

7.  On  the  Order  of  the  Groxvps  related  to  the  Anallagmatic  Displacements 
of  the  Regvlar  Bodies  in  n- Dimensional  Sjxice.     By  Prof.  P.  H. 

SCHOUTE. 

1.  The  groups  related  to  the  regular  bodies  in  ordinary  space  have  been  amply 
studied  by  F.  Klein  in  his  *  Vorlesungen  Uber  das  Ikosaeder'  (Leipzig,  Teubner,  1884). 
There  in  every  case  the  order  of  the  group  has  been  found  by  enumeration  of  the 
possible  positions;  so  the  remarkable  fact  that  this  order  is  always  twice  the 
number  of  edges  is  not  observed. 

I  now  wish  to  publish  a  simple  general  principle  by  means  of  which  the  order 
of  the  group  may  be  easily  determined.  This  principle  will  prove  to  be  capable  of 
immediate  extension  to  n -dimensional  space. 

2.  General  Principle. — Tlie  manner  of  coincidence  of  the  regular  body  ABCI) 
.  .  .  with  the  given  position  PQRS  .  .  .  (say  the  orienfri^wn  of  ABCD  .  .  .  with 
respect  to  PQRS)  is  determined  if  the  position  of  the  vertex  A  and  that  of  the 
edge  AB  have  been  assigned. 

Therefore  the  order  of  the  group  is  the  product  of  the  number  of  vertices  by  the 
number  of  edges  passinfr  throusrh  a  given  vertax. 

Iliis  product  is  evidently  the  twofold  of  the  number  of  edges. 

Four-dimensional  Space  (S*). 
8.  General  Principle  e.rt ended . — The  oiientation  of  the  cell  ABCD  .  .  .  with 
reference  to  the  given  position  PQHS  ...  is  determined,  if  the  position  of  the 
vertex  ^,  that  of  the  edge  AB  through  A,  and  that  of  the  face  ABC  through  AB 
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haye  been  asogned.    So  the  order  of  the  pn^up  is  the  product  of  three  numher0y 
Tiz.|  the  numoer  of  yertices,  the  number  of  edges  containing  a  given  yertex,  and 
the  number  of  faces  passing  through  a  giTen  edge. 
4  For  the  six  regular  cells  of  S*  the  results  are : 

Five-cell 

Eight-cell 

Sixteen-oell 


(0.)     . 

.  .      r,x   4x3=.     00 

(C„)     .. 

,  .    16x   4x3-    103 

(C,o)    ., 

,  .      8x   0x4=    192 

(C,,)   .  , 

,  .    24 X   8x3=    670 

(C,«,)  . . 

.  .  600x  4x3»7,200 

(C««.)  . . 

,  .  120x12x6=7,200 

Twenty-four-cell    . 
Hundred  and  twenty-cell 
Six  hundred-cell     . 

6.  BemarJiB. — (a)  A  deeper  study  proves  the  group  of  the  five-cell  to  be 
holohedrically  isomorph  with  that  of  the  icosahedron. 

{h)  In  the  pairs  of  cases  (Cg,  0,e)  and  (C,oo»  0^  the  results  are  equal  This 
18  due  to  the  fact  that  these  pairs  of  regular  cells  are  reciprocal  polars  of  each 
other  with  respect  to  a  hypersphere. 

(c)  The  order  of  the  group  is  equal  to  2r  times  the  number  of  faces,  r  represent- 
ing the  number  of  vertices  situated  in  any  face. 

Five^mensional  S^ace  (S*). 

6.  General  Principle  extended. — ^The  order  of  the  group  is  the  product  of  fouc 
numbers,  viz.,  the  number  of  vertices,  the  number  of  edges  through  a  given  vertex^ 
the  number  of  faces  through  a  given  edge,  and  the  number  of  limiting  bodies 
adjacent  at  a  given  face. 

7.  Results: 

Six-being  .  .  .  (Bg)  .  .  .  6x5x4x3=  360 
Ten-bdaig  .  .  .  (BJ  .  .  .  32x5x4x3=- 1,020 
Thirty-two-being   .        .    (Bj,)  .  .  .  10x8x6x4- 1,020 

8.  Bemarla.—(a)  The  cases  (B,o)  and  (Bj^)  are.  reciprocal  polars  of  each 
other,  &c. 

{b)  The  order  of  the  group  is  equal  to  6r  times  the  number  of  limiting  bodies, 
r  representing  the  number  of  vertices  situated  in  any  limiting  body. 

^IMce  of  H'Dimensiom  (S"). 

0.  The  extension  of  the  principle  is  evident.    The  results  are : 

n+1-being  (B„+i)  .  .  (n  +  l)n(n-l)  .  .  .  x4x3-*(n  +  l)! 
2n-being  (B.«)  .  .  .  S«.w(w-1)  ....  x4x3  =  2''-»  .  nl 
2"-being  (B^;..)  .  .  .  2n.2(n-l)    ....   x6x4  =  2»-i.n! 

10.  Remarks, — (a)  The  cases  (B,,)  and  (B^i)  are  reciprocal  polars  of  each 
other,  &c. 

(h)  The  order  of  the  group  is  equal  to  (7t~2) !  r  times  the  number  of  limiting 
beings  of  n-  2  dimensions,  r  representing  the  number  of  vertices  situated  in  each  of 
these. 

8.  On  Mersenne's  Numbers.  By  Lieut. -Colonel  Allan  Cunningham,  B.E.^ 
Fellow  ofKin^s  College,  London, 

These  are  numbers  of  form  N«2''-l,  where  p  is  prime.  Lucas  has  shown 
that  N  is  composite,  and  contoins  the  factor  (2p  + 1)  when  p  and  (2p  + 1)  are  both 
prime,  imdp  is  of  form  (4i  +  3). 

Such  numbers  N  may  for  shortness  be  called  Lucasians.  The  highest 
Lucasians,  determinable  by  the  existing  tables  of  primes  (extending  to  9,000/XX)), 
are  given  by 

•^  p«  4,490,591  and  4,499,783, 
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jind  these  are  the  only  values  of  p  yielding  Lucasiaos  in  the  range  of  500  numba^ 
)>etween  4,499,600  and  4|500,000.    An  interesting  groap  is  given  by 

^  =  2»  +  3  =  11  ;;i  =  27  +  3«131;/>  =  2'* +  3  =  82,771; 

and  these  are  the  onfy  numbers  of   form    (2' +3)  yielding  Lucasians  when 
or  not>26.    Higher  values  go  beyond  the  tables  of  primes. 

Complete  list  of  primes  j?  of  form  (4t-f  3),  with  (^p-t-l)  also  prime,  when 
p  not  >2,600 ;  these  all  give  composites  for  N,  and  (2p  + 1)  is  a  factor  of  N. 

p=  11,  23,  83, 131, 170, 191,  239,  261,  369,  419, 431,  443,  491, 669,  683, 719, 743, 
Oil,  1,019,  1,031,  1,103,  1,223,  1,439,  1,461,  1,490,  1,611,  1,669,  1,583, 
1,811,  1,931,  2,003,  2,039,  2,063,  2,339,  2,361,  2,399,  2,469. 

It  seems  probable  that  primes  of  one  of  forms  p»(2'+l),  (2'  +  3)  will,  with 
exception  of  tha<«  yielding  Lucasians,  generally  yield  prime  values  of  N,  and  that 
no  others  will :  all  the  known  (and  conjectured)  prime  Mersenne^s  numbers  faH 
under  this  rule. 

^.  End  Games  at  Chess.    By  Lieut. -Colonel  Allan  Cunningham,  B,E.^ 
Fellow  of  Kiny's  CoUeye,  London, 

Investigation  of  the  number  of  positions  in  all  the  '  end  games '  at  chess  when 
there  are  only  two  or  three  pieces  on  the  board.    The  results  are : — 

P  <=  Total  number  of  positions  "^ 

0  =  Number  of  checkmate  positions  I  with  a  g^ven 

S  =  Number  of  stalemate  positions     f  set  of  pieces. 

I «  Number  of  indifferent  positions  J 


Names  of  Pieces 

Number  of  Positions                 1 

Number 
ofPiecea 

Black 

White 

C 

S 

I 

P 

2 

K 

K 

0 

0 

3,612 

3,612 

3 

K 

K  and  Q  . 

324 

144 

223,476 

223,944 

3 

K 

K  and  R  . 

216 

G8 

223.660 

223,944 

r> 

K 

K  and  Kt 

0 

40 

22.3.904 

223,944 

.3 

K 

K  and  B  (unnamed, 

) 

0 

136 

223,808 

223,944 

3 

K 

K  and  WB  or  BB 

0 

68 

111,904 

111,972 

3 

K 

K  and  P  (unnamed' 

) 

0 

18 

195,966 

195,984 

3 

K 

KandQBPorKIlP 

0 

2 

24,466 

24,468 

3 

K 

K  and  QKtP  or  KKtP     . 

0 

3 

24,605 

24,508 

3 

K 

KandQBPorKBP 

0 

3 

24,505 

24,508 

.       8 

K 

K  and  QP  or  KP 

0 

1 

24,607 

24.608 

Depabtmbnt  II. 

10.  Ea^riments  shoimny  tJie  BoUiny  of  Wate^'  in  an  open  Tube, 
By  Professor  Osborne  Reynolds,  F.RS. 


11.  Report  of  the  Committee  on  Earth  Tremors. — See  Reports,  p.  14.5. 

12.  Report  of  the  Committee  on  Meteoroloyical  Photoyraphy. — 
See  Reports,  p.  143. 


13.  Report  of  the  Committee  on  Solar  Radiation.-^  &ee  Reports,  p.  106. 
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14.  Report  of  the  Committee  on  Underground  Temperature, 
See  Reports,  p.  107. 


15.  Beport  of  tfie  Ben  Nevis  Committee.See  Reports,  p.  108. 


16..  On  Becent  Besearches  in  the  Infra-Bed  Spectrum. 
By  Dr.  S.  P.  Langley. 

This  paper  was  ordered  by  the  General  Committee  to  be  printed  in 
exteiiso, — See  Reports,  p.  465. 

17.  il  new  Determination  of  the  Batio  of  the  Sj^ecifc  Heats  of  certain 
Gases.    By  O.  Lummbr  and  E.  Pbingsheim.' 

"When  a  perfect  gas  expands  adiabatically  from  the  pressure  j?,  to  the  pressure 
7)3.  while  its  aheolute  temperature  decreases  irom  T,  to  T^,  we  have 


T-. 


■<*(;^ -■<*(■;;) 


•nhere  T  means  the  ratio  of  the  two  specific  heats.  Therefore  T  can  he  deter- 
mined by  four  corresponding  values  ol  PuPi,  Tj,  and  Tj.  For  this  purpose  we 
experimented  in  the  following  way. 

A  copper  balloon,  nearly  globular,  containing  about  00  litres  was  placed  in  a 
bath  of  water  whose  temperature  was  maintained  constant  within  O^'Ol  C.  and 
could  be  measured  by  a  thermometer.  Let  this  temperature  be  Tj.  The  balloon 
was  filled  with  a  gas,  well  dried  and  pure,  which  was  compressed  to  the  pressuw 
7i|,  measured  by  a  manometer  of  8ul})huric  acid  communicating  with  the  oalloon. 
Then  the  gas  was  allowed  to  escape  into  the  atmosphere  through  an  aperture  of 
the  balloon.  So  it  expanded  to  the  atmospheric  pressure  p^  given  by  the 
barometer.  In  this  way  the  quantities  Pi,p.2t  and  Tj  can  be  found  easilv.  The 
only  ditiiculty  is  to  determine  the  temperature  T,  of  the  gas  at  the  moment 
when  the  expansion  is  finished  and  the  pressure  has  attained  the  value  p.^.  For 
this  purpose  we  need  a  thermometer  showing  the  variable  temperature  of  the  gas 
instantaneously,  that  is,  a  thermometer  of  a  negligible  small  mass. 

A  thermometer  of  the  required  qualities  was  formed  by  a  strip  of  platinum  of 
an  extremely  small  thickness,  which  is  soldered  at  both  ends  to  two  copper  wires 
insulated  from  each  other  and  introduced  air-tight  into  the  balloon.  From  these 
the  strip  hangs  down  freely  in  the  middle  of  the  balloon.  The  strip  of  platinum 
with  its  conducting  wires  formed  one  arm  of  a  Wheatstone  bridge,  so  that  we  were 
able  to  measure  its  electrical  resistance,  and  hence  its  temperature  at  every 
moment.  The  strip  was  prepared  by  the  qiethod  first  used  for  wires  by  Wollaston,  and 
adopted  for  strips  oy  Lummer  and  Eurlbaum.  It  was  cut  out  of  a  platinum  silver 
plate  composed  of  a  platinum  plate  with  the  thickness  0-6fi  and  a  silver  plate  6/i 
thick.  The  middle  part  of  the  strip  had  a  lencth  of  10  cm.  and.  a  breadth  of 
-about  0*2  mm.,  while  the  two  ends  were  formed  by  conducting  laps  1*5  cm.  long 
and  about  4  mm.  broad.  The  olver  fvas  removed  by  nitric  acid  only  in  the  middle 
narrow  part,  so  that  the  resbtance  of  the  conducting  laps  perfectly  disappeared  in 
comparison  with  that  of  the  middle  part.  But  also  these  conducting  laps  are  thin 
enough  to  take  at  a  short  distance  from  the  ends  the  temperature  of  the  surround- 

*  The  original  source  of  publication  is  the  Smithsonian  Institution  in  Washington, 
which  kindly  granted  liberal  assistance  from  the  Hodgkins  Fund  for  carrying  on 
this  investigation. 
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inj?  gas,  as  is  easily  proved  by  calculation.  In  this  way  the  fall  of  teiQp^rature  at 
the  ends  of  the  strip  is  perfectly  eliminated.  The  resistance  of  the  strip  amounted 
to  87  ohms  at  the  temperature  of  17°  C;  the  variations  measured  by  us  were 
between  1  and  4  ohms. 

In  order  to  find  the  lowest  temperature  T,  reached  by  the  gas  while  expanding 
we  have  only  to  measure  the  smallest  value  which  the  resistance  of  the  strip  takes 
during  the  expansion.  We  worked  in  the  following  way.  First,  when  the 
balloon  is  filled  with  compressed  gas  of  the  temperature  T|,  the  Wheatstone  bridge 
is  equilibrated  so  that  no  current  is  going  through  the  galvanometer.  This  state 
we  call  the  first  equilibrium.  Then  the  galvanometer  arm  is  opened  and  out  of  the 
arm  of  the  bridge  opposite  to  the  strip  a  part  of  the  resistance  is  taken  away,  so 
that  the  resistance  of  this  arm  now  is  lower  than  that  of  ther  strip.  Now  the  gas  is 
allowed  to  escape  out  of  the  balloon,  the  temperature  of  the  gas  is  lowered,  and  the 
resistance  of  the  strip  decreases  and  approaches  that  of  the  opposite  arm.  Imme- 
diately after  the  end  of  the  expansion,  at  the  moment  when  the  strip  has  the 
smallest  resistance,  we  close  the  galvanometer  circuit,  and  now  the  galvanometer 
shows  by  its  deflection  if  the  resistance  of  the  strip  at  this  moment  is  higher  or 
lower  than  the  resistance  of  the  other  arm.  Only  in  the  case  when  both  resistances 
are  exactly  equal  does  the  galvanometer  remain  at  rest.  This  state  we  call  the 
second  equilibrium.  This  second  equilibrium  is  always  to  be  attained  by  a  syste-* 
matic  variation  of  the  initial  pressure  of  the  gas,  and  when  it  occurs  the  galvano- 
meter remains  at  rest  for  some  seconds,  showing  that  during  this  time  tiieie  is  no 
appreciable  conduction  of  heat  to  the  sas  surrounding  the  platinum  strip. 

In  this  way  four  corresponding  values  ofp^^p^y  T,,  and  T2  are  found. 

A  small  error  in  these  experiments  is  caused  by  the  heat  radiating  from  the 
waUs  of  the  balloon  to  the  strip  cooled  by  the  expanding  gas,  but  it  is  possible  to 
determine  the  amount  of  this  error  by  experiment.  For  this  purpose  we  executed 
the  experiments  described  above,  once  with  a  simple  platinum  strip,  the  second 
time  with  the  same  strip  after  having  blackened  it  by  platinum  black.  In  the 
second  case  the  error  due  to  radiation  is  increased  in  the  same  proportion,  as  the 
absorbing  power  of  blackened  platinum  is  larger  than  that  of  the  imcoverad,  and 
therefore  we  found  a  smaller  value  of  T  than  before.  The  relation  of  the  two 
absorbing  powers  was  determined  by  special  experiments,  and  so  we  found  the 
correction  necessary  to  remove  the  error  resulting  from  radiation. 

The  gases  on  which  we  worked  were  atmospheric  air,  oxygen,  carbonic  acid» 
and  hydrogen. 

The  results  obtained  with  the  naked  strip  were : 

Air  O  CO2  JI 

1-3994  1-3941  1-2940  1-4063 

The  probable  error  of  the  result : 

±000024  ±0-00024  ±0-00031  ±0-00020 

To  these  values  we  must  add  the  correction  caused  by  radiation : 

+  00021 
Consequently  we  get  the  values  of 

T. 

Air  O  CO2  H 

1-4015  1-39C2  1'29()1  1*4084 

That  we  found  a  much  greater  value  for  hydrogen  than  all  former  experimenters 
is  the  best  proof  of  the  superiority  of  our  method.  All  other  methods  failed  with 
hydrogen  Mcause  the  heat  conduction  of  this  gas  is  very  great,  and  consequently 
the  experiments  were  not  adiabatic.  Our  method  gives  also  for  hydrogen  the 
second  equilibrium  of  the  AVheatstone  brid^  lasting  for  more  than  a  whole  second^ 
showing  that  abo  here  the  expansion  Is  qmte  adiaratic 
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DEPABiaCE5T  III. 

18.  il  MeOiod  for  accurately  Determining  the  Freezing-jKiint  of  Aqueojxs 
Solutions  which  freeze  at  Temperatures  jv^t  below  0®  C.  By  the  Late 
P.  B.  Lewis.     Communicated  by  Dr.  Mejer  Wildermann. 

The  thermometera  used  for  measuring  minute  Tariations  in  temperature  were 
gnduated,  the  one  to  read  to  thousandths  the  other  to  hundred tlis  of  a  degree.  The 
total  volume  of  the  solution  used  in  the  various  determinations  was  1,250  c.c.  The 
beaker  containing  tlie  liquid  for  examination  was  placed  on  a  felt  cushion,  wrapped 
in  thin  gutta-percha,  inside  a  zinc  vessel  which  acted  as  an  air-chamber.  The 
cover  of  this  veesel  was  provided  with  a  circular  opening  into  which  fitted  a  cork, 
holding  the  thermometers.  The  stirring  of  the  liquid  was  effected  by  a  porcelain 
stirrer  which  consisted  of  two  parallel  porcelain  plates,  in  which  there  were  corre> 
sponding  holes  for  the  thermometers  to  pass  through,  and  besides  these  eight  round 
holes  so  arranged  that  the  holes  in  the  upper  plate  did  not  coiTespond  with  those 
in  the  lower  plate.  On  moving  the  stirrer  up  and  down  currents  are  sent  in  all 
directions.  The  thermometers  are  kept  uniformly  at  a  temperature  of  OP  C,  even 
when  not  in  use,  by  keeping  them  plunged  in  a  glass  beaker,  filled  with  ice  and 
water  at  0^  G.  This  second  beaker  is  contained  in  a  similar  zinc  vessel,  which  acts 
as  a  cold-air  chamber.  The  two  zinc  vessels,  the  one  containing  the  distilled  water 
and  the  other  the  solution  to  be  examined,  are  placed  in  a  larger  zinc  vessel,  which 
acts  as  an  ice-bath,  and  which  is  encased  in  a  yet  larger  zinc  vessel,  so  that  there 
should  be  a  cushion  of  air  of  some  centimetres*  thickness  between  the  two.  The 
outermost  zinc  vessel  stands  on  a  thick  felt  mat,  and  is  wrapped  in  a  thick  f&lt 
cover.  The  ice-bath  was  covered  over  as  far  as  possible  with  pieces  of  asbestos 
cloth,  fiy  these  means  a  fairly  constant  temperature  is  maintained  in  the  bath. 
The  temperature  of  the  ice-bath  should  only  vary  between  1^'8  and  -  2^  when  the 
temperature  of  the  room  is  12°  to  18°,  and  only  between -2°'l  and  2°-2  at  a  tem- 
perature of  25°.  It  is  necessary  for  a  successful  experiment  to  overcool  the  solu- 
tion by  about  0°*7  to  1°.  Under  these  conditions  the  most  accurate  determination 
of  the  freezing-point  can  be  obtained :  the  mercury  in  the  large  thermometer  has 
sufficient  time  to  oecome  exactly  of  the  temperature  of  the  solution,  the  ice  is  obtained 
in  the  form  of  thin  films,  and  the  freezing-point  remains  fairly  constunt  for  from 
ten  to  fifteen  minutes,  though  slight  variations  of  from  0°'000i  to  (f'0002  occur, 
and  in  the  more  concentrated  solutions  of  0°'0003.  As  regards  the  action  of  the 
thermometers  it  is  important  to  know  how  far  the  capacity  of  their  bulbs  is  affected 
by  the  pressure  caused  by  a  rise,  especially  a  rapid  rise,  of  mercury  in  the  stem,  and 
how  quickly  the  bulb  recovers  from  the  expansion  or  contraction  which  variations  of 
pressure  or  temperature  cause.  It  can  only  be  here  stated  that  if  such  variations  exist 
they  lie  within  the  limits  of  ordinary  experimental  error,  namely,  0^-0001,  (f'OOOti, 
and  rarely  0°-0003.  On  the  other  hand,  it  was  found  that  when  the  more  delicate 
thermometer  had  been  allowed  to  remain  for  several  hours  at  the  ordinary  tem- 

Serature,  a  rise  in  its  indication  of  the  freezing-point  could  be  observed  for  many 
ays  afterwards,  and  a  long-c-ontinued  exposure  to  a  rise  or  fall  of  atmospheric 
pressure  causes  a  variation  of  about  0°*0008  in  the  reading  of  the  freezing-point 
for  1  mm.  rise  of  the  barometer.  A  similar  variation  is  produced  in  the  reading  of 
the  smaller  thermometer.  In  the  case  of  very  dilute  solutions  only  those  determi- 
nations of  the  freezing-point  which  have  been  made  during  almost  constant  condi- 
tions of  atmospheric  pressure  are  to  be  depended  on.  While  the  column  of  mercury 
is  rising  the  stirring  must  be  maintained  together  vrith  a  light  tapping  with  the 
fingers  on  the  cork.  The  maximum  is  reached  when  farther  tappmg  causes  no 
rise  of  the  mercurial  column.  When  this  point  has  been  reached  reading  are  made 
every  minute  for  from  eight  to  ten  minutes.  The  readings  are  made  with  a  small 
lens.  After  the  constant  point  has  been  observed  for  from  eight  to  ten  minutes  the 
form  taken  b^  the  ice  proauced  is  examined.  If  the  experiment  has  been  success- 
ful the  ice  will  have  formed  in  fine  films  and  in  considerable  quantity  throughout 
the  solution.  An  account  of  this  investigation  will  be  given  in  the  Journal  of  the 
Chemical  Society,  and  in  the  'Zeitach.  f.  physik.  Chemie.* 
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19.  The  Influence  of  Temperatwre  upon  the  Specific  Heat  o/Aniltne^ 
By  K  H.  Griffiths,  M,A, 

The  author  drew  attention  to  the  &ct  that  water  is  hy  no  means  an  ideal 
liquid  for  calorimetric  purposes,  its  great  capacity  for  heat  rendering  it  unsuitabU 
for  operations  such  as  tnat  Known  as  '  the  method  of  mixtures.'  Again,  we  havs 
but  httle  knowledge  concerning  the  changes  caused  in  its  sped 6c  heat  by  changes 
in  temperature,  and  its  vapour  pressure  at  low  temperatures  is  sufficient  to  cause 
a  constant  leakage  of  heat  by  the  processes  of  evaporation. 

In  all  these  respects  aniline  appears  to  be  superior. 

The  method  adopted  for  determining  the  specific  heat  of  aniline  was  an  electrical 
one,  and  the  specific  heat  was  ascertained  over  a  range  of  from  16^  to  52°  C.  The 
heat  developea  by  rapid  stirring  was  balanced  by  heat  lost  by  convection,  conduc- 
tion, &c.,  and  the  rate  of  rise  at  difi^rent  temperatures,  due  to  the  electrical  supply 
only,  was  ascertained. 

The  results  are  closely  represented  by  the  formula 

«  =  0-5166 +  (<- 20)  X  -0004  + (^-20)»x  000002. 

The  values  obtained  by  means  of  this  equation  do  uot  in  any  case  difier  from 
the  experimental  results  by  more  than  1  in  2,000. 


20.  On  some  Photometric  Measures  oftlie  Corona  of  April  1893. 
By  Professor  H.  H.  Turner,  M.A. 

The  present  paper  is  merely  a  preliminary  note  on  some  measures  of  the  photo- 
metric intensity  of  the  corona  on  photographs  taken  at  Fundium  by  the  British 
expedition  in  April  1893. 

The  measures  (of  density  of  deposit  at  various  points  on  the  plates)  were 
made  at  Soutli  Kensington  by  the  kindness  of  Captam  Abney,  who  lent  me  his 
apparatus  for  the  purpose.  This  apparatus  has  been  described  by  him  else- 
where in  detail ;  ana  bere  it  is  only  necessary  to  remark  that  a  beam  of  light  is 
divided  by  a  plane  glass  plate,  part  being  transmitted  and  part  reflected.  The 
photograph  is  placed  in  one  beam,  and  a  'rotating  sector'  in  the  other.  The 
Deams  are  then  caused  to  illuminate  two  small  screens  placed  side  by  side,  and 
the  aperture  of  the  rotating  sector  is  varied  until  the  illuminations  are  equal. 
The  aperture  of  the  sector  is  then  read,  and  the  reading  is  a  direct  indication  of 
the  density  of  the  photograph  at  the  particular  point  under  examination.  In  this 
note  it  is  desired  to  call  attention  to  one  or  two  points  which  the  observations, 
though  as  yet  incomplete,  have  suggested. 

(1)  I  cannot  help  referring  to  the  beauty  and  simplicity  of  the  rotating  sector. 
The  ease  and  accuracy  of  the  observations  are  such  as  I  was  quite  unprepared  for; 
and  it  seems  to  me  that  the  apparatus  is  indispensable  to  the  astronomical 
photographer.    I  look  forward  to  making  use  of  it  in  a  large  variety  of  ways. 

(2)  The  points  examined  up  to  the  present  have  been  distributed  along  four 
radii  respectively  north,  south,  east,  and  west  from  the  moon's  centre.  If  the 
density  bs  tabulated  according  to  distance  from  the  moon's  limb,  the  resulting 
curves  are  very  similar  to  '  error '  curves,  with  the  maximum  at  the  moon's  limb, 
and  deviations  from  a  smooth  curve  are  very  small. 

(3)  The  results  for  the  four  radii  are  very  similar ;  and  the  mean  of  the  east 
and  west  radii  ^ives  a  curve  almost  identical  with  that  for  the  mean  of  the  north 
and  south  radii  (the  means  being  taken  to  eliminate  the  distance  between  the 
centres  of  sun  and  moon).  The  generid  form  of  the  corona  at '  maximum '  is  in 
accordance  with  this  result,  but  I  was  not  prepared  for  so  close  an  accordance  as 
the  figures  show. 

(4)  The  densit]^  of  the  film  has  by  no  means  reached  uniformity  at  the  edge 
of  the  plate,  even  in  the  small  scale  photographs,  which  allow  of  measures  up  to 
70^  or  80^  from  the  limb.    It  is  possible  that  the  light  causing  this  deposit  is  not 

'  See  PhU,  Mag.,  1894. 
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true  corona,  but  at  the  same  time  it  seema  probable  that  there  may  be  a  closer 
Gorrespoodence  between  photographa,  and  the  eye  obeenrations  which  claim  a  large 
^extension  *  of  the  corona,  than  baa  hitherto  been  supposed. 


21.  On  Photographs  of  Spiral  and  Elliptic  X'ebulce, 
By  Isaac  Robeets,  D.Sc,y  F.B.S. 

Seven  photographs  of  spiral  nebule  and  four  of  elliptic  nebulce  were  exhibited 
as  lantern  slides  on  a  screen,  and  their  forms  and  structures  shown  and  described. 

The  photoffraphs  were  taken  with  a  reflecting  telescope  of  twenty  inches 
aperture  and  long  exposures  of  the  sensitised  plates,  and  much  additional  know* 
ledge  concerning  the  oojects  was  revealed  by  the  photogranhs. 

The  author  claimed  that  the  photographs  proved  the  following  statements : — 

1st.  That  the  existence  of  spiral  nebula  is  a  physical  reality. 

2nd.  That  the  convolutions  of  the  spirals  proceed  from,  or  else  converge  to,  a 
stellar  or  star-like  centre,  and  are  arranged  symmetrically  with  reference  to  each 
other  and  to  the  stellar  centre. 

Srd.  That  the  convolutions,  or  spirals,  are  without  exception  broken  up  into 
etars  and  star-like  condensations,  which  are  involved  in  nebulous  matter,  denser  in 
the  lines  of  the  convolutions  and  fainter  between  them. 

The  cause  of  the  vortical  motions  of  the  nebulae  was  suggested  to  be  collisions 
between  bodies  in  space,  or  else  shrinkage  of  the  diffused  mass,  producing  concen- 
trated gravitational  eirect*. 

The  elliptic  nebulie  were  shown  to  be  constituted  with  a  stellar  centre  sur- 
rounded by  dense  nebulosity,  outside  which  are  alternate  rings  of  nebulosity  with 
spaces  between  them  having  little  if  any  nebulosity  in  them,  each  nebula,  as  a 
whole,  presenting  the  appearance  of  a  stellar  system  now  in  course  of  evolution 
from  a  nebula  of  gigantic  dimensions. 

By  taking  periodically  a  series  of  photographs  and  comparing  them  with  each 
other  the  changes  that  may  take  place  in  the  nebulas  will,  sooner  or  later,  be  made 
manifest.  

22.  On  tlie  Formation  of  Soap  Bubbles  by  the  Contact  of  Alkaline  Oleates 
vnth  Water,    By  Professor  G.  Quincke,  F.R,S, 

This  paper  was  ordered  by  the  General  Committee  to  be  printed  in 
extenso, — See  Reports,  p.  475. 


23.  On  tlie  Effect  of  Gases  on  the  Surface  Tension  and  Electrical  Conduc- 
tivity of  Soapfilms.    By  H.  Stansfield. 

A  preliminary  note  was  read  on  some  ex])eriment8  undertaken  at  the  reauest  of 
Professor  Riicker  for  the  nurpose  of  investigating  whether  the  remarkably  high 
conductivity  of  thin  soap-films  found  by  Professors  Beinold  and  KUcker  was  pro- 
duced by  the  surrounding  gas. 

Experiments  were  alw  made  to  test  whether  the  gas  in  which  a  film  is  formed 
afiected  the  fall  in  surface  tension  which  takes  place.  In  both  cases  it  was  found 
that  the  gas  was  not  the  efficient  cause  of  the  phenomenon  observed. 


24.  On  the  Velocity  of  the  Hydrogen  Ion  throvgh  Solutions  of  Acetates, 
By  W.  C.  Dampieb  Whetham,  M.A, 

The  velocity  of  the  hydrogen  ion  in  dilute  aqueous  solutions  of  ordinary  mineral 
adds  was  calculated  by  Flrofessor  F.  Eohlrausch  from  the  conductivities,  and  came 
out  *0030  centimetre  per  second  when  the  potential  gradient  was  one  volt  per 
centimetre.  Dr.  Oliver  Lodge  measured  its  velocity  through  chlorides,  and  found 
•O020.» 

'  See  M,A,  Sapart,  1886,  p.  889. 
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The  molecular  conductivity  of  Bolutions  of  acetic  acid  is  abnormally  low,  and 
in  order  to  test  whether  the  velocities  of  the  ions  were  reduced  in  the  same 
proportion  an  experiment  was  made  by  a  modification  of  Lodge's  method, 
which  I  had  already  used  for  tracing  the  course  of  other  ions.^  A  solution  of 
sodium  acetate  made  first  alkaline  with  soda  and  coloured  red  with  phenol-phthal- 
lein  was  divided  into  two  parts,  and  one  of  them  decolourised 
^  _      with  a  little  acetic  acid.    The  solutions  were  then  placed  in  a 

^T  j^      land  of  U  tube  with   a  vertical  connecting  limb  (see  figure), 

.  [R|  rfHi     so  that  the  motion  of  the  junction  between  the  coloured  and 

^^  ^^     uncoloured  solutions  could  oe  easily  followed.    A  current  was 

passed  upwards  across  the  boundary  and  the  hydrogen  ion  tra- 
velled with  it,  forming  acetic  acid  and  decolourising  the  phenol- 
phthallein.  It  was  found  better  in  this  case  to  use  agar-jelly 
solutions,  which  had  been  abandoned  for  other  ions  as  intro- 
ducing unnecessary  complications.  The  velocity  of  the  hydrogen 
ion  through  a  jelly  solution  of  sodium  acetate  of  strength  0*07 
gramme  equivalent  per  litre,  when  driven  by  a  potential  gradient 
of  one  volt  per  centimetre,  came  out  'OOOOGo  cm.  per  second. 
Through  a  solution  of  hydrochloric  acid  of  0*1  gramme  equi- 
valent stren^h  its  velocity  is  *00d0.  The  ratio  of  theee  numbers 
is  1 :  46.  The  specific  molecular  conductivity  of  an  acetic  acid 
solution  of  strength  007  is  to  that  of  a  solution  of  hydrochloric 
acid  of  strength  0*1  as  1  :  59.  I  have  not  yet  been  able  to 
devise  a  method  for  measuring  the  velocity  of  the  acetic  acid 
group  (CjHjOa)  in  an  acid  solution,  but  the  numbers  given  above 
show  that  at  all  events  the  velocity  of  the  hydrogen  ion  is  reduced  in  about  the 
same  proportion  as  the  conductivity. 


HONDA  Y,  A  UO  UST  13. 
The  following  Papers  were  read : — 
On  the  BesiUts  of  a  New  Analytical  Rejyresentaiion  of  the  Distribution  of 


Magnetic  Force  on  the  Surface  of  iJie  Earth. 
Gotha. 


By  Ad.  Schmidt,  of 


.  The  author  has  obtained  in  the  first  place  three  series  in  terms  of  spherical 
harmonics  for  the  three  quantities  aX  sin  v,  /3Y  sin  v,  yZ,  where  X,  Y,  Z  are  the 
three  components  of  the  earth's  magnetic  force,  v  is  the  colatitude,  and  a,  ^,  v  are 
three  factors,  nearly  equal  to  unity,  depending  on  the  spheroidal  shape  ot  the 
earth.  By  a  method  which  he  has  previously  explained  in  the  'Archiv  des 
deutschen  Seewarte,'  1893,  he  deduces  from  these  series  three  others  which  give 
the  magnetic  potential  on  the  surface  of  the  earth :  (1)  as  far  as  depends  on  forces 
inside  tne  earth,  (2)  on  forces  outside  the  earth.  The  third  series  represents  that 
part  of  the  magnetic  forces  which  cannot  be  expressed  in  terms  of  a  potential,  but 
must  be  due  to  electric  currents  traversing  the  earth's  surface.  The  first  series  has 
been  calculated  to  fifty-two,  the  second  and  third  to  forty-three  coefficients.  The 
result  shows  an  appreciable  fraction  of  the  magnetic  force  to  be  due  to  outside  effects, 
and  also  gives  currents  traversing  the  earth*s  surface,  amounting  on  an  average  to 
about  0*1  ampere  per  square  kilometre. 

•  The  author  points  out  that  thoroughly  reliable  results  can  only  be  obtiuned 
after  our  knowledge  of  magnetic  forces  has  been  extended  to  higher  latitudes  in 
the  southern  hemisphere. 


>  Transn  n.S.,  1893,  A,  p.  337, 
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2.  A  Sttggssted  Explanation  of  ike  Secular  Variation  of  Terrestrial 
Magnetis^n,     By  Arthur  Schustbk,  F.R.S. 

It  is  a  matter  of  great  importance  to  ascertain  whether  we  must  consider  inter- 
planetary space  to  be  a  conductor  of  electricity  or  not.  If  there  is  an  appreciable 
conductivity  the  magnetic  system  of  the  earth  will,  owing  to  its  rotation,  induce 
currents  which  will  react  on  the  earth  in  a  twofold  manner.  There  will  be,  in 
the  first  place,  a  mechanical  effect  tending  to  increase  the  length  of  the  day,  and, 
secondly,  a  magnetic  effect  tending  to  displace  the  magnetic  axis.  It  is  the  object 
of  this  communication  to  give  the  results  of  some  numerical  calculations  referring 
to  the  magnitude  and  nature  of  these  reactions. 

The  problem  is  of  interest  apart  from  any  applications  to  terrestrial  magnetism. 
Given  a  magnetic  sphere  rotating  in  a  conducting  medium,  what  are  the  mechani- 
cal and  magnetic  forces  acting  on  the  sphere  in  consequence  of  electric  currents 
induced  in  the  medium  ? 

The  mathematical  solution  is  easily  obtained  from  Lamb^s  equations  for  currents 
induced  in  spherical  conductors;  and,  without  entering  into  any  details  of  calcula^- 
tion,  I  here  state  the  principal  results  for  the  case  when  the  sphere  is  uniformly 
magnetised  about  an  axis  not  coinciding  with  the  axis  of  rotation. 

If  the  medium  is  either  perfectly  conducting  or  perfectly  non-conducting,  there 
will  be  no  mechanical  effect  tending  to  stop  the  rotation  of  the  sphere ;  but  for  all 
finite  conductiyities  there  will  be  a  couple  opposing  the  rotation  which  is  a  maxi- 
mum for  a  certain  specific  resistance  of  the  medium. 

If  die  radius  of  Xh&  sphere  is  H,  the  angular  Telocity  <»,  the  specific  resbtance  p 
producing  the  maximum  retardation  is  given  by  the  relation 

where  the  numerical  factor  is  approximate  only. 
For  the  earth :  R  =  6-4  x  10» ;  «  =  7*27  x  IQ-* 

/)«4-17xlO". 

The  resistance  indicated  by  this  number  is  such  that  if  4*17  yolts  were  applied  to 
the  two  sides  of  a  plate  having  a  thickness  of  one  centimetre  there  would  be  a  cur- 
rant of  10~^  amperes  per  square  centimetre.  I  do  not  know  of  any  facts  which 
would  make  such  a  conductiyity  an  impossible  one,  consistently  with  the  extreme 
tenuity  of  matter  which  we  know  must  exist  in  space.  The  next  point  to  consider 
is  the  actual  yalue  of  the  maximum  retarding  couple.  In  C.Q.S.  units,  and  for  a 
sphere  having  the  same  size  and  maffnetic  moment  of  the  earth,  it  is  1*9  x  10^.  If 
tnis  couple  was  to  act  continuously  it  would  diminish  the  earth's  rotational  yelo- 
city  to  the  extent  of  one  second  per  day  in  14,000  years.  Early  records  of  solar 
eclipses  show  that  the  earth  as  a  timekeeper  has  lost  time,  but  authorities  do  not 
agree  as  to  how  much.  Two  causes  tending  to  alter  the  length  of  the  day  haye 
hitherto  been  considered,  tidal  friction  tending  to  retard  it  and  the  contraction  of 
the  earth  tending  to  increase  it.  To  this  we  must  now  add  a  possible  retardation 
due  to  the  conductiyity  of  the  medium. 

The  maximum  magnetic  couple  calculated  aboye  is  about  six  times  that  giyen 
by  Qeorge  Darwin  for  the  effect  of  tidal  friction,  and  it  would  by  itself  haye  pro- 
duced a  yery  marked  effect  in  historical  times,  and  according  to  Lord  Kelyin 
the  effects  of  the  earth's  contraction  are  yery  smaU.  It  is,  of  coarse,  yery  impro- 
bable that  the  conductivity  of  space  is  just  that  required  for  the  maximum  enect. 
If  the  conductiyity  is  100  times  less,  the  couple  produced  would  be  equal  to  the 
tenth  part  of  the  maximum  couple,  and  sucn  a  couple  would  be  impossible  to 
separate  at  present  from  the  other  effects,  tending  to  uter  the  length  of  the  day. 
There  is,  therefore,  a  yery  large  rangre  of  electric  conductiyity,  within  which  tm 
of  space  may  lie  without  an  appreciaole  effect  on  the  length  of  the  day  being  pro- 
duced in  historical  times. 

Turning  our  attention  next  to  the  magnetic  reactions,  we  find  that  these  will 
diaplaee  the  magnetic  axis  towaitis  the  geographical  pole  and  round  it  from  east  to 
west.    If  the  earth  behayed  like  a  steel  sphere^  not  aabjected  to  any  shocks  or 
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changes  of  temperature,  a  certam  diBpIaoement  would  take  place  once  for  all,  but 
no  rotation  sucn  afi  is  required  to  produce  the  secular  yariation.  The  constantly 
renewed  diaplaoement  ut  the  magnetic  axis,  if  it  is  due  to  the  suggested  cause, 
must  be  produced  by  a  continuous  change  inside  the  earth.  A  possible  explanation 
su^ests  itself  in  the  secular  cooling  of  the  earth,  owing  to  which  more  aud  more 
of  Its  iron  becomes  susceptible  to  magnetisation.  This  virgin  iron  will  be  free  to 
adjust  its  magnetic  axis  to  the  magnetic  forces  acting  on  it,  and  a  continuous  dis- 
placement of  the  axis  must  result.  It  must  be  acknowledged,  however,  that,  even 
taking  account  of  this  possibility,  it  is  difficult  to  see  how  a  rotation  of  the  axia  can 
be  kept  up  for  several  revolutions.  Some  light  might  be  thrown  on  the  question 
by  an  experimental  investigation  to  discover  a  possible  effect  of  great  pressure  on 
the  temperature  at  which  iron  loses  its  magnetic  properties.  Whether  there  are 
any  appreciable  magnetic  effects  due  to  electric  currents  outside  the  earth  may,  of 
course,  be  establish^  by  an  analysis  of  the  magnetic  forces  on  the  surface  of  the 
earth.  I  understand  that  A.  Schmidt  and  Neumayer  have  already  made  much 
progress  with  such  an  analysis,  and  I  am  preparing  an  independent  calculation  with 
special  reference  to  the  outside  forces. 

The  results  of  this  investigation  may  be  stated  thus : — 

(1)  The  mechanical  reactions  on  the  earth  of  currents  induced  in  space,  assumed 
to  be  a  conductor  of  electricity  by  the  rotation  of  its  magnetic  system,  are  insuf- 
ficient to  produce  an  appreciable  lengthening  of  the  day  in  historical  times,  unless 
the  conductivity  lies  within  certain  narrow  limits.  The  absence  of  any  marked 
effect  cannot  therefore  be  brought  forward  as  an  argument  against  the  conduc- 
tivity of  space. 

(2)  The  magnetic  reactions  of  the  same  current,  taken  in  conjunction  with  the 
secular  cooling  of  masses  of  iron  inside  the  earth,  t«nd  to  produce  a  displacement 
which  in  kind  is  the  same  as  that  actually  observed  in  the  secular  variation.  But 
whether  quantitatively  the  variation  can  be  explained  in  this  way  is  very 
•doubtfuL 

3.  On  tJie  Construction  of  a  Delicate  Galvanometer, 
By  Arthur  Schuster,  F.R,S. 

Ma:twell  has  shown  how  a  galvanometer  must  be  wound  in  order  to  produce 
the  maximum  magnetic  field  for  a  given  resistance.  The  present  communication 
is  intended  to  show  what  the  advantage  gained  would  be  if  the  winding  which  is 
theoretically  best  could  be  adopted.  Assuming  the  cavity  in  which  the  magnet  is 
suspended  to  be  cylindrical,  the  sensitiveness  of  the  galvanometer  will  vary  with 
the  square  root  of  the  resistance,  and  inversely  as  the  square  root  of  the  radius  of 
the  cavity.  The  smallest  angle  which  can  be  read  without  making  the  system 
astatic  will  also  depend  on  the  diameter  of  the  mirror ;  a  point  which  has  been 
neglected  in  the  construction  of  some  recent  galvanometers.  Taking  the  resistance 
.of  the  galvanometer  to  be  one  ohm,  the  diameter  of  the  cylindrical  cavity  to  be 
one  centimetre,  and  the  width  of  the  reflecting  mirror  to  oe  also  one  centimetre, 
the  smallest  current  which  a  galvanometer  will  show  with  a  horizontal  force  of 
X)*17  is  under  different  conditions  as  follows  : — 

Amperes 
If  wound  in  the  theoretically  best  possible  way  .    1-60  x  10-* 

If  wound  on  a  bobbin  of  rectangular  section  of  the  best 
dimensions,  the  wire   being  uniform   in   each  layer,  but 
changing  from  layer  to  layer  so  as  to  give  the  best  results     .    2*00  x  10-* 
If  wound  on  a  bobbin  of  rectangular  section  with  uniform 
wire,  the  dimensions  of  the  bobbin  being  the  most  favourable    2*14  x  10-* 

The  advantage  gained  by  having  the  winding  in  the  way  which  ia  theoretically 
the  best  is  therefore  not  very  markal. 

4.  On  the  Minimum  Current  audible  in  tJie  Tel^hone,^ 
By  Lord  Rayleigh,  Sec.  R,S, 

»  Published  in  the  Phil.  Mag.,  xxxviii.  pp.  285-296,  September  1894.  -     . 
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An  Attempt  at  a  Quantitative  Theory  o/tlie  Telephone.^ 
By  Lord  Ratleigh,  Sec.  R,S, 


6.  On  the  Amplitude  ofSanonnu  Waves  which  are  but  just  Audible.^ 
By  Lord  Batlbigh,  See*  E,S. 

7.  On  the  Prodv4ition  of  Beat-tones  from  Tux)  VihrcUhig  Bodies  whose 
Frequencies  are  so  High  as  to  be  separately  Inaudible.  By  Alfred  M» 
Mater. 

In  the  first  attempts  to  obtain  such  tones  use  was  made  of  steel  rods  of 
rectangular  section,  the  lengths  of  whose  sides  are  to  one  another  as  4  :  5.  These 
rods  were  chamfered  on  one  edge  in  the  length  of  the  rods,  so  that  by  striking 
a  rod  on  this  edge  both  component  tones  of  the  rod  were  obtained  simultaneously 
with  the  resultant  tone,  the  latter  being  the  lower  second  octave  of  the  graver 
tone  of  the  rod.  It  was  impossible  to  obtain  beat-tones  by  this  method  by  reason 
of  the  short  duration  of  the  resultant  when  the  frequencies  of  the  two  component 
vibrations  of  the  rod  surpass  the  limit  of  audibility. 

Several  bird-call  whistles  were  made  in  order  to  obtain  the  proper  proportions 
to  give  frequencies  surpassing  the  limit  of  audibility  and  yet  to  gi?e  no  hissing 
sounds. 

The  most  effective  whistle  has  a  diameter  of  air-disc  of  5  mm.,  and  the  holes 
in  the  opposed  plates  of  the  disc  are  1*2  mm.  in  diameter.  The  distance  of  the 
discs  of  the  whistles  is  varied  and  adjusted  by  a  micrometer-screw. 

With  these  whistles  beat-tones  have  been  obtained  when  the  vibrations  from 
dther  whistle  alone  were  inaudible. 

Beat-tond^  have  also  been  obtained  by  Dr.  Koenig  and  myself  in  Paris  with 
tuning-forks  whose  frequencies  surpass  the  limit  of  audibility. 

Dr.  Koenig  anticipated  me  in  Xha  production  of  these  beat-tones  by  several 
months,  and  has  actually  used  those  beat-tones  in  tuning-forks  whose  frequencies 
surpass  the  limit  of  hearing. 

8,  On  ifie  Variation  oftlie  Modulus  of  Elasticity  with  Change  of  Tempera- 
ture as  determined  by  the  Transverse  Vibration  of  Bars  at  VariouB 
Temperatures.    By  Alfred  M.  Mater. 

Lord  Rayleigh  in  his  *  Theory  of  Sound '  discusses  the  transverse  vibration  of 
a  bar  free  at  both  ends  and  sunported  under  its  two  nodes,  showing  that  we  can 
compute  the  frequency  of  the  oar  if  we  know  the  velocity  of  sound  in  the  length 
of  tne  bar  and  the  dimensions  of  the  bar.    The  expression  of  these  relation* 

reduces  to  N  1*0270  V  ^,  in  which  t  and  /  are  the  thickness  and  length  of 

the  bar. 

To  see  how  closely  the  formula  gave  the  transverse  frequency  of  bars,  I  had 
rods  of  1*5  m.  in  length,  2  cm.  in  width,  and  ^  cm.  in  thickness,  and  of  uniform 
section,  made  of  cast  steel,  aluminium,  brass,  glass,  and  white  pine.  These  rod» 
were  vibrated  longitudinally  at  20°  C.  and  their  frequencies  determined  by 
Eoenig's  tonometer,  whence  we  obtained  Y.  Out  of  each  rod  were  cut  three  bars,, 
each  about  20  cm.  long,  and  these  bars,  also  at  20°  C,  were  vibrated  trans- 
versely. The  mean  departure  of  the  computed  from  the  observed  numbers  of 
transverse  vibrations  was  7)7,  the  computed  frequency  being  always  in  excess  of 
the  observed  except  in  the  case  of  glass,  where  the  computed  was  below  the 
observed  frequency. 

The  close  concordance  between  theory  and  observation  shows  that  by  vibrating^ 

1  Published  in  the  Phil.  Mag,,  xxxviii.  pp.  296-301,  September  1894. 
•  JWrf.,  xxxviii,  pp.  365-370,  October  1894, 
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a  bar  at  Tarioos  temperatures  the  varialioii  of  the  modulus  of  elaadcity  with 
temperature  can  be  obtained.    We  obserfe  N  at  TariouQ  known  temperatures  of 

the  bar,  whence  V  is  computed,  and  the  modulus  is  M  »  — *   As  /,  t,  and  d  h&YB 

different  values  at  different  temperatures,  the  coeiEcient  of  expansion  of  each 
bar  experimented  on  was  determined,  also  tlie  density  of  each  bar  at  40^  C,  and 
the  dimensions  and  density  computed  for  each  temperature  of  the  vibrating  bar. 

Though  the  moduli  thus  obtained  are  not  so  accurate  as  those  given  by  other 
more  precise  methods,  yet  I  think  that  the  variation  of  the  modulus  with  tempera- 
ture is  thus  obtained. 

Tables  and  curves  of  results  of  the  experiments  on  bars  of  glass,  cast  steel, 
Bessemer  steel,  brass,  bell-metal,  two  specimens  of  aluminium,  silver,  and  zinc  were 
exhibited  before  the  Section. 

The  moduli  of  these  substances  are  lowered  by  increase  of  temperature  as 
follows.    Heating  from  (f  to  100°  lowers  the  modulus  of 

Glass     .        •        .        .1*13  per  cent,  of  its  modulus  at  0° 

Cast  steel     .        .        .  2*21  „  „  „ 

Bessemer  steel      .        .  3-08  „  „  „ 

Brass    ....  3-67  „ 

Bell-metal     .        .        .  4-27  „  „ 

Aluminium  (American)  5*37  „  „  „ 

(French)     .  666  „  „  „         / 

Silver  heated  from  0°  to  CO^  has  its  modulus  lowered  2*47  per  cent,  of  its 
modulus  at  0^.  Zinc  heated  from  0^  to  62°  has  its  modulus  lowered  6*04  per  cent. 
of  its  modulus  at  (f, 

9.  On  am,  Ajyparalus  for  Measuring  small  Strains, 
By  Professor  J.  A.  Ewinc,  F.R.S. 


10.  On  Mirrors  of  Magnetism, 
By  Professor  Silvanus  P.  Thompson,  Z).jS'c.,  F.R.S. 

The  author  has  found  by  experiment  that  a  sheet  of  iron,  if  sufficiently  large 
end  thick,  acts  magnetically  as  a  mirror,  giving  virtual  images  of  a  magnet  pole 
placed  in  front. 

The  image  of  a  pole  placed  at  any  distance  in  front  (provided  the  mirror  is 
large  as  compared  with  the  distance)  is  situated  at  an  equal  distance  behind  the 
mirror,  exactly  as  in  optical  reflexion  by  a  plane  mirror. 

The  image  of  a  north  pole  is  a  south  }X)ie,  just  as  the  image  of  a  right  band  is 
a  left  hand. 

If  the  magnet  pole  i^  moved  away  from  the  sheet  of  iron,  the  image  moves 
away  at  an  equal  spee^i  in  the  reverse  direction. 

if  the  sheet  of  iron  be  moved  up  toward  the  magnet  pole,  the  image  moves  up 
at  double  the  velocity,  as  optical  images  do. 

If  a  magnet  pole  is  placed  between  two  parallel  large  sheets  of  iron,  the  effect 
18  the  same  us  if  there  were  a  double  series  of  images  in  an  indefinitely  extended 
row,  the  images  being,  however,  of  alternate  polarity. 

The  acti'tn  of  a  spherical  surface  of  iron  as  a  spherical  mirror  presents  some 
curious  poiutp.  Only  virtual  images  are  produced  whether  the  mirror  be  convex 
or  cimcave.  There  is  no  spherical  aberration,  and  the  images,  though  of  reversed 
pohn-ity  and  perverted,  are  not  inverted.  These  last  points  ore  deduced  from  the 
vxpniiments,  and  have  not  yet  been  independent! v  verified. 

The  metliod  of  experiment  has  been  to  produce  magnetic  poles  or  fields  by 
means  uf  coils  supplied  with  electric  currents.  These  poles  or  fields  \^erd  investi- 
r^fiiM  by  means  of  an  exploring  coil  or  coils  connected  with  a  galvaioneter,  the 
throw^  of  which  was  observed  when  the  primary  current  was  turned  on  or  off. 
The  throw  obttiincd  when  the  mirror  was  absent  was  compared  (r)with  that 
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.obtained  when  the  mirror  was  ]>re8cnt,  {b}  with  that  obtained  when,  the  mirror 
being  absent,  the  geometrical  position  of  the  coil  was  occupied  by  an  actual  coil  of 
the  same  magnetic  moment  as  the  '  image.' 

Iron  in  thin  sheet  as  used  for  tin-plate  is  not  thick  enough  to  form  a  perfect 
mirror.  A  piece  of  boiler-plate,  ^  inch  thick  and  rather  less  than  3  feet  square, 
formed  a  perfect  plane  mirror  for  poles  placed  not  more  than  4  or  5  inches  away 
from  its  centre.  A  long  solenoid  200  centimetres  long,  15  centimetre  diameter, 
uniformly  wound  with  twelve  turns  per  centimetre  with  a  wire  capable  of  carrying 
15  amperes  without  overheating,  was  used  in  one  series  of  experiments  to  produce 
a  pole. 

In  the  case  of  a  conxex  spherical  surface  of  iron  of  infinite  magnetic  permea- 
bility, and  of  radius  of  curvature  r,  the  object  being  a  pole  of  strength  m  situated 
at  a  point  at  a  distance  a  from  the  middle  of  the  mirror  surface,  the  image  is  a 

pole  of  strength  -  w Its  distance  .r  behind  the  surface  is  equal  to  r 


lfrt  =  0        a-0 
a  a  CO      ;t* «  r 

The  image  of  an  infinitely  distant  pole  is  at  the  centre,  not  as  in  the  case  of  the 
optical  image  half-way  between  surface  and  centre. 

The  foUowmg  simple  construction  gives  the  position  of  the  image  of  any  point- 
pole  outside. 


Let  P  be  the  position  of  the  point-object,  and  O  the  centre  of  the  spliericsl 
suTfRce.  Join  PO,  and  wilh  P  as  centre  describe  the  arc  OS.  Then  witli  centre 
tS  and  OS  as  radius  describe  arc  OQ  cutting  PO  in  Q.    Q  is  the  image  of  P. 

i'or  a  concave  mirror  the  construction  is  reversed  by  finding  successively  the 

centres  of  the  arcs. 

r 


The  image  is  a  pole  having  strength  -  -m? Z*^ ',  where  a  is 


the  distance  of  the  image  from  the  surface  =  --'''^  - 

Both  formulae  show  that  as  r  increases  to  infinity  a «-  jr* 
The  whole  of  the  experimental  work  has  been  carried  out  for  me  by  Mr  Milea 
Walker. 


Digitized  by  VjOOQIC  


676  REPORT— 1894. 

11.  TIis  Volume  Changes  which  accompany  Magmtisalion  in  Nickel  Tubes, 
By  Professor  C.  G.  Knott,  D.Sc. 

Tlie  method  of  experiment  was  similar  to  that  employed  in  the  determiDation 
of  corresponding  changes  in  iron  and  steel  tubes,  and  luread?  described  in  a  former 
commumcation.^  Three  nickel  tubes,  cut  originally  from  the  same  solid  bar,  were 
turned  and  bored.  They  were  of  the  same  length  (47  cm.)  and  the  same  extemitl 
diameters  (4*2  cm.).  The  internal  diameters  were  as  follows: — ^No.  I.,  2-548  cm. ; 
No.  II.,  1-586  cm. ;  and  No.  III.,  0-692  cm. 

The  decrease  of  volume  in  the  tube  of  widest  bore  (No.  I.),  when  subjected  to 
a  longitudinal  field  of  600,  was  so  laryire  that  it  had  to  be  measured  with  the  ndked 
eye.  The  liquid  meniscus  in  the  capiUary  tube  moved  outwards  through  a  distance 
of  3  cm.,  which  corresponded  to  a  volume  change  of  2*4  cubic  millimetres.  This, 
with  a  total  internal  volume  of  224*47  cubic  centimetres,  gives  a  dilatation  of 
fully  -10-». 

In  the  followinff  table  some  of  the  more  striking  results  are  indicated.  Under 
each  heading  of  field  is  a  column  containing  the  corresponding  cubical  dilatations 
for  the  three  tubes. 


Cubical  Dilatatioru  x 

W. 

Field  » 

10 

16 

26 

85 

62 

102 

200 

400 

600 

TubeL 
Tobe  II.       . 
Tube  in. 

-0-6 

0 
-0-7 

+  0-8 

0 
+  1-0 

0 
+  1 
+  2-5 

-9 

0 

^9 

-24 

-10 

0 

-67 
-63 

-84 

-  98 

-  79 
-207 

-110 
-  87 
-236 

Thus  in  lowest  fields  the  cubical  dilatation  is  negative  in  Tubes  I.  and  II.  Very 
soon,  however,  it  becomes  positive,  but  changes  Iwck  to  negative  in  still  higher 
fields,  and  so  continues  to  tne  highest  fields  used.  In  Tube  III.  there  is  no  evidence 
of  the  negative  dilatation  in  low  fields,  so  that  with  it  there  is  only  one  change  of 
sign.  The  thicker  the  wall,  the  higher  the  field  in  which  the  change  of  sign  takes 
place.  In  moderate  and  high  fields  the  changes  of  volume  are  d^tinctly  greater 
in  nickel  than  in  iron  or  steel. 


12.  On  Hysteresis  in  Iron  and  Steel  in  a  Rotating  Magnetic  Field, 
By  Francis  G.  Bailt,  M.A. 

It  has  long  been  surmised  that  the  hysteresis  in  iron  may  have  different  values 
according  to  Oie  mode  of  variation  of  the  direction  of  magnetisation.  As  a  deduc- 
tion from  Professor  £wing*s  molecular  theory  of  magnetiBm  Mr.  James  Swinburne 
pointed  out  that  the  value  of  the  hysteresis  in  an  alternating  field  should  be  dif- 
ferent, and  obey  a  difi'erent  law,  from  that  of  iron  in  a  rotating  magnetic  field,  the 
latter  probably  being  the  smaller,  especially  at  a  high  induction.  The  point 
has  not,  however,  received  any  experiment^tl  verification  until  now. 

The  experiments  here  described  consisted  in  causing  a  powerful  electromagnet 
to  revolve  on  an  axis  concentric  with  the  bore  of  the  pole  pieces,  which  formed 
parts  of  a  cylinder.  The  ma^etic  field  between  the  two  pole  pieces  rotated  with 
the  electromagnet  producing  it.  In  the  polar  cavity  was  placea  a  finely  laminated 
cylindrical  armature  ol  iron  or  steel  carried  by  hollow  centres  in  fixed  supports, 
and  held  hy  a  spring  attached  to  the  armature  spindle  and  to  the  fixed  support 
respectively.  On  rotating  the  field-magnet  there  is  a  force  due  to  the  hystereas  of 
the  armature  tending  to  cause  it  to  revolve  witn  the  magnet  This  is  prevented  by 
the  spring,  and  the  defiexion  of  the  spring  is  a  measure  of  the  torque  exerted  on 
the  armatur'^,  vhich  ib  proportional  to  the  hysteresis  in  the  armature  per  reversal^ 
and  is  independent  of  the  speed  of  revolution  of  the  magnet.  The  deflexion  i» 
ol  served  by  tJie  movement  of  a  beam  of  light  reflected  from  a  small  mirror  on  the 


See  B,A,  Bsportt,  1892,  p.  669. 
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armature,  and  on  to  a  circular  scale.  Varying  currents  were  sent  round  the  field* 
maf^et  coils,  produdng^  different  values  of  induction  in  the  armature. 

At  a  low  induction  the  hysteresis  is  small  and  increases  but  slowly,  the  range 
corresponding  with  the  first  part  of  the  B/H  curye,  and  the  shape  of  the  curve 
being  similar  to  that  given  by  an  alternating  field.  With  increasing  induction  the 
Talue  of  the  hysteresis  rises  more  rapidly,  but  does  not  continue  to  increase  at  a 
uniform  rate.  When  B«- 12,000  the  rate  of  increase  of  the  hysteresis  diminishes, 
though  the  curve  still  rises  rapidly.  When  B  « 17,000  the  curve  begins  to  bend 
over,  reaching  a  maximum  at  18,Ci00  or  18,600,  and  rapidly  falh  when  the  induc- 
tion is  further  increased,  until  when  B  »  21,000  the  hysteresis  is  about  one-third  of 
its  maximum  value.  Higher  inductions  could  not  be  satisfactorily  reached  with 
the  apparatus,  but  there  was  no  indication  of  any  diminution  in  the  rate  of  decrease 
of  the  nysteresiji. 

Both  soft  charcoal  iron  and  hard  high  carbon  steel  were  tested,  and  found  to 
irive  the  same  results,  the  value  in  the  steel  reaching  a  maximum  at  an  induction 
of  16,000. 

These  experiments  show  that  there  is  no  simple  relation  between  hysteresis  and 
induction.  The  three  stages  of  magnetic  displacement  each  have  a  sharply  defined 
position  on  the  hysteresis  curve,  the  critical  value  occurring  just  on  the  knee  of  the 
induction  curve.  The  agreement  of  the  results  with  the  theoretical  deduction 
constitutes  a  strong  verification  of  the  molecular  theory  of  magnetism. 

The  above  results  hold  good  for  all  speeds  up  to  seventy  revolutions  per  second, 
which  was  the  highest  speed  obtained. 


13.  On  the  Vibrations  of  a  Loaded  Spiral  Spring. 
By  L.  B.  WiLBBRFOBCE,  M,A. 

The  author  pointed  out  that  by  comparing  the  two  periods  of  vibration  of  a 
body  attached  to  a  spiral  spring  of  small  angle  the  ratio  of  the  torsional  and 
fiexural  rigidities  of  the  wire  or  strip  forming  the  spring  could  be  found,  and 
hence,  if  the  wire  were  homogeneous,  isotropic,  and  of  circular  section,  Poisson's 
ratio  for  its  material  could  be  determined. 

Some  experiments  were  shown  illustrating  the  normal  modes  of  vibration  of 
such  a  system,  and  the  transference  of  energy  from  up-and-down  to  twisting  vibra- 
tions, and  back  again,  which  can  be  effected  when  the  periods  are  nearly  equal. 


TXnSSDAY,  AUGUST  U. 
The  Section  was  divided  into  three  Departments. 
The  following  Papers  and  Report  were  read : — 

Depabtmekx  I. 

1.  On  Fuchaian  Functions.    By  Professor  Mittaq-Lefflbr. 

Professor  Mittag-Leffler,  after  referring  to  a  recent  investigation  by  one  of  liis 
pupils,  M.  Q.  Cassel,  spoke  of  the  advantages  and  inconveniences  connected  with 
the  expression  of  antomorphic  functions  by  means  of  the  Fuchsian  or  Kleinian 
$  series,  lie  showed  how  the  theorv  of  the  6  functions  may  be  brought  into 
connection  with  that  of  the  Abelian  functions,  and  that  an  expression  given  by 
M.  Schottky  for  a  certain  cl^ss  of  automorphic  functions  is,  in  fact,  applicable  to 
all  these  functions.  He  then  referred  to  his  own  researches  on  the  invariants  of 
linear  differential  eouations,'  and  pointed  out  that  Giinther,  in  his  paper  in '  Crelle*s 
Joamal,'  has  not  fiuly  realiaed  the  true  nature  of  these  researches. 
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2.  On  Ronayne'8  Cubes,     By  Professor  H.  Hennessy,  F.JR.S. 

Some  years  Bince  a  box  containing  a  pair  of  eqaal  cnhea  was  placed  in  the 
autlioT  8  hands,  and  he  found  that  one  of  these  could  have  its  parts  displaced  so  as 
to  leave  a  peculiarly  shaped  shell,  through  which  the  second  cube  passed  without 
any  difilculty.  Groups  of  twin  crystals  of  a  cubical  form  have  been  long  knows, 
.  but  their  grouping  cuuld  rarely  admit  of  such  a  structure  as  the  cubes  referred  to 
present. 

It  is  manifest  that  a  cube  passed  through  another  in  tlie  direction  of  the 
diagonal  of  the  square  would  leave  two  triangular  prisms,  but  in  order  to  connect 
these  prisms  two  flanges  with  interior  sloping  faces  should  be  attached.  The 
thickness  of  these  flanges  in  two  directions,  as  well  as  the  angle  of  inclination  of 
the  sloping  faces,  are  all  connected  by  geometrical  conditions  which  permit  of  the 
solution  of  the  problem  of  the  construction  of  the  shell  of  the  first  cube.  The 
author  was  unable  to  And  the  solution  of  the  problem  originally  published  by  the 
inventor  of  the  cubes,  Mr.  J.  Ronayne,  some  time  about  the  middle  of  the  last 
century.  Under  these  circumstances  he  completed  the  inquiry,  and  on  comparing 
the  results  with  the  measured  dimensions  of  the  prisms  and  flanges  wbicn  con- 
stitute the  shell  of  the  first  cube  he  found  the  perfect  concordance  between  the 
calculated  and  measured  dimensions.  When  .r  represents  the  distance  from  a 
comer  of  the  cube  to  the  edge  of  the  flange,  and  a  the  side  of  the  cube,  then  S,  the 
inclination  of  the  sloping  face  to  the  iace  of  the  cube,  is  found  to  be  represented  by 

8in^-^i(?.^^2-2^ 

The  edge  of  each  cube  is  1'92  inch,  and  $  is  found  both  by  measurement  and  by 
the  above  formula  to  be  9*^  45^  nearly. 

3.  On  a  Property  of  the  Catenary,    By  Professor  H.  Hekkbsst,  F.E.S. 

In  the  course  of  inquiry  into  some  hydraulic  questions  the  author  found  that 
the  catenary  of  maximum  area  under  a  given  perimetor  may  be  inscribed  in  a 
semicircle.^  Hence,  if  the  radius  of  the  semicircle  is  one  foot,  the  chain  hung 
within  it  when  in  a  vertical  plane  will  be  one  yard.  Thus  the  two  fundamental 
standards  of  English  measure  are  connected  with  the  catenary  of  maximum  area. 


4.  A  Complete  Solution  of^  the  Problem,  *  To  find  a  Conic  unth  respect  to 
which  two  given  Conies  shall  be  Reciprocal  Polars.*  By  J.  W.  Russell, 
M.A. 

In  the  author's  '  Elementary  Treatise  on  Pure  Greometry,'  p.  147,  a  construe* 
tion  IS  given  in  the  case  in  which  the  given  conies  intersect  m  distinct  points. 
This  construction  was  extended  to  the  cases  of  the  conies  touching  or  having  three- 
point  contact  The  method  in  the  case  of  double  contact  was  diflerent.  Takinj^ 
(J  to  be  the  common  pole  and  AB  the  common  chord,  through  U  draw  any  line 
meeting  the  conies  in  PP^,  QQ'  respectively.  Let  X  T  be  the  double  points  of 
the  volution  PQ,  P'Q'  or  of  PQ',  P'Q.  Then  the  conic  reouired  v^  the  conic 
touching  UA  at  A  and  UB  at  B,  and  passing  through  X  or  Y.  This  method  holds^ 
when  soitably  modified,  in  the  case  of  four-point  contact. 


5.  27*6  Impossibility  of  Trigraphic  Fields  of  Spaces. 
By  J.  W.  Rt788BLi,  M.A. 

The  simplest  triffraphic  form  is  that  generated  by  three  points  P,  P',  P'^  on 
three  lines  AB,  Afi%  A'^B^',  these  points  being  connected  by  a  relation  of  the 
form 

a^h' k' k' -¥ ajcf  k" -¥  .  .  •  '¥ajk-^  .  •,.  -t-OgsO 

»  Proc,  B(ty,  Soe,,  vol.  xliv.  p.  106. 
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where  fli,flr,  .  .  .  are  constants,  andX;-AP/PB,  A'«AT'/P'B,  *''-A'T'7P''B". 
Starting  from  this  form,  Tarious  trigraphic  forms  of  increasing  complexity  can  he 
hnilt  up,  as  in  the  geometiy  of  homographic  figures.     But  it  is  impossihle  to 


finally  construct  trigraphic  figures  on  the  analogy  of  homographic  figures.    To 
prove  this,  take  A  B  C  D,  A'  B'  C  D',  A''  B'^C'  D''  as  corresponding  tetra- 


on  straight  lines,  it  is  shown  that  V*  moves  on  a  surface,  and  not  on  a  striught 
line,  as  it  should  do. 

6.  On  Maxwells  Method  of  deriving  the  JE/quations  of  Hydrodynamics 
from  the  Kinetic  Theory  of  Gases.    By  Professor  Ludwig  Boltzmann. 

It  is  well  known  that  the  equations  of  hydrodynamics  for  a  viscous  fluid,  as  Max- 
well was  the  first  to  show,  can  be  derived  from  the  hypothesis  of  the  kinetic  theory 
of  gases.  But  Maxwell's  method  is  not  quite  satisfactory.  Many  terms  of  the 
equations  must  he  neglected  in  order  to  obtain  the  hydrodynamical  equations  in 
their  usual  form.  Even  if  this  course  in  most  cases  is  justifiable,  it  cannot  be 
rigorously  proved  that  such  is  the  case,  and  the  mathematician  is  not  satisfied. 
The  following  question  arises,  Is  this  a  defect  of  the  theory  of  gases,  or  is  it 
rather  one  of  hydrodynamics?  Are  these  terms  required  by  the  theory  of  gases 
not  an  essential  correction  of  the  equations  of  hydrodynamics  P  Will  it  not  be 
possible  to  find  cases  where  these  two  theories  are  not  in  accord,  and  to  decide  by 
experiments  between  them  ?  Maxwell  himself  raised  this  question,  and  he  found 
that  the  ordinary  assumption,  that  in  gases  which  conduct  heat  the  pressure  is 
everywhere  equal  in  all  directions,  is  only  approximately  true.  A  short  time 
before  his  death  he  published  an  ingenious  method  of  treating  these  questions, 
viz.,  the  application  of  spherical  harmonics  to  the  theory  of  ffases.  Maxwell  only 
gave  in  a  few  words  the  results  of  his  calculations,  in  three  snort  notes,  which  are 
included  in  square  brackets  in  his  paper, '  On  Stresses  produced  by  Conduction  of 
Heat  in  Harefied  Oases.'  These  three  notes  show  evidently  that  he  must  have 
made  a  long  and  elaborate  investigation  on  this  subject  a  short  time  before  his 
death,  which,  however,  has  not  been  published.  I  have  treated  the  same  subject 
bv  a  dififerent  method,  and  have  also  found  that  many  corrections  of  the  equations 
of  hydrodynamics  can  be  derived  from  the  theory  of  gases.  It  will  be  not  easy, 
but  perhaps  not  impossible,  to  tost  some  of  these  difierences  by  experiment.  I  have 
not  yet  published  these  results,  because  they  do  not  agree  in  all  respects  with  the 
results  briefly  announced  by  Maxwell,  and  the  danger  of  &lling  into  errors  in  this 
subject  is  great. 

With  regard  to  this  I  beg  the  British  Association  to  make  efibrts  to  ascertain 
if  the  manuscript  of  the  investigation  made  bv  Maxwell  on  the  application  of 
spherical  harmonics  to  the  theory  of  gases  is  still  in  existence,  and,  if  this  manu- 
script should  be  lost,  to  encourage  physicists  to  repeat  these  calculations. 


On  tJis  Invariant  Grouivdforms  of  the  Binary  Quantic  of  Unlimited 
Order.     By  Major  P.  A.  MacMahon,  E,A.,  F.RS. 


8.  Priiicipes  fondamenlaux  de  la  G4om^trie  non-euclidienne  de  JRiemann. 
Par  P.  Mansion,  professeur  ^  VUniversiti  de  Gand, 

I.  M.  O^rard  a  expose,  sous  une  forme  simple  et  rigoureuse,  les  priocipes 
fondamentaux  de  la  g^m^trie  noo-euclidienne  de  Lobatchefsky,  dans  un  article 
ins^r^  dans  la  livraison  de  f^vrier  180S  des  'Nouvelles  Annales  de  Math^matiqaes ' 
(3«  s^rie,  t.  xii ,  pp.  74-84). 

On  peut  ddmontrer  d'une  manidre  analogue  les  principes  fondamentaux  de  la 
gfom^trie  non-euciidienne  de  Riemann,  en  partant  dea  deux  propri^tds  fondamen- 
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tales  suivantes:  V  Deux  droites  riemanmennes  situ^  dans  un  meme  plan  ae 
toupeDt  en  deux  points  aitute  k  une  distance  2A  toujours  la  meme  queues  que 
soient  les  deux  droites  (voir  De  Tilly, '  Essai  sur  les  principes  fondamentaux  de  la 
G^m^trie  et  de  la  M^canique/  dans  les  '  M^moires  de  la  Soci^t^  des  Sciences 
Physiques  et  Naturelles  de  Bordeaux/  2*  s^rie,  t.  iii.  1*'  cahier,  ch.  i.).  2*^  La 
somme  des  trois  angles  d*un  triangle  est  sup^rieure  k  deux  droits  (voir  '  Mathesk/ 
aoAt  1894, 2«  s^rie,  t.  iv.,  pp.  181-182). 

II.  On  d^montre,  comme  dana  le  cas  de  la  g^m^trie  lobatche&kienne,  les 
thfordmes  suiTants : 

1**  Dans  un  triangle  rectangle  ayant  pour  hypotenuse  z,  pour  c6t6B  x,y^  ei  z 
tend  Ters  z^ro.  Tangle  (z,a:)  restant  constant  (:r:z)  tend  vers  une  limite  finie  en 
dtooissant ;  (y :  2)  tend  aussi  vers  une  limite  finie,  mais  en  croissant 

2^  Si  u  et  u%  V  et  1/  sont  les  c6t^  opposes  d'un  quadrilatdre,  trirectangle  en 
(^1  ^)/  (^  ^)  ®t  (^y  vO>  et  si  u  tend  vers  0,  (u^iu)  tend  en  dtox>issant  vers  une 
limite  ^  (v),  dependant  de  v  seulement ;  on  a  d*ailleurs  (u':u)  <  ^  (v'), 

III.  THioRkKE  70KDAiCEKTAL.—0n  a  ^  (x + y)  +  ^  (x  -y)  =  2^  (x)  ^  (y).  1** 
Consid^rons  le  triaa^deOAa  birectangle  en  A  et  a;  posons  ABs^-y,  AC»Xy 
AD ^x+y,  0 A  a  A.  Menons  Bb,  Cc,  Ud  perpendiculaires  k  0 A  et  rencontrant  Oa 
en  b,  c,  d;  de  b  et  d  ahaissons  bm,  dn  perpendiculaires  sur  Cc  Soit  encore 
Bfi'  a  Of  B^y  perpendiculaire  k  OA  et  rencontrant  Oa  en  y,  b'm'  une  perpend  iculaire 
kCc. 


. w 

2**  D'aprds  II.  P,  ona  cd>c6;  par  suite, cn><?m,ou  2  Cc> Cm +  Cn.    Ensoite, 
20c^/Bft.  Bb\     /Ud.BdX 
Aa  ^VAa  '  C^     Va5  '  Ci/' 
et,  k  la  limite  (II.  2**), 

^^^     *(y)        «(y)  • 
S"*  D'aprds  II.  1",  on  a  encore 

^    c5    Oc' 
ou 

Cm-.Cc^Cg    /M  .  B*\     Cc^  Cc 
cb         Oc'   VAi»'Cm'""Aa    OcAfl' 
Cc-Cn^Cc     Cc     /Drf.      \     erf  Cc 
cd        Oc'  Aa"  \A.a  '  On)     OiAa 
Passant  k  la  limite,  il  rient 


*y 


6v  A-i'^    ' 


A~x 

y 


<^*; 


et,  par  addition, 

La  fonction  ^  est  done  continae. 
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4''  On  a 

cft>CB'-B'*'-Cc>0B  +  a-2Aa-CD  +  a-2Aa>cd  +  a-2Afl. 

On  peat  suppoeer  2Aa  inf^rieur  h  la  quantity  fixe  a ;  dana  cette  bypoth^ae,  on  a 
eh'>cd,  cm'>cnj  Om'  +  Cn>2Cc,  puia 

V  Aa  '  CmV    \Aa  '  Ck) ^  Aa' 
et,  k  la  limite, 

6°  Faisons  tendre  a  vers  z^ro,  il  Tiendn 

6^  Des  relations  (a),  (b)  on  conclut  le  th^ordme. 

IV.  On  d^montrwy  comme  dans  le  caa  de  la  g6omi$trie  lobatchefskienne,  lea 
propositions  suivantes : 

1°  On  a  <^  (ai)  »  cos  ( -i Y  k  ^tant  une  conatante. 

2^  Dans  un  triangle  rectangle  ayant  poor  hypotenuse  z,  pour  cdt^s  x,  j/  <)n  a 

3^  Dans  on  triangle  ABO  quelconque, 

cos  0  etant  une  fonction  qui  ne  depend  pas  de  la  grandeur  des  c6t6s  a  »  B0|  h  -  AC, 
mais  seulement  de  Tangle  0  oppose  au  cot^  c  »  AB. 


9.  Formulce/or  Linear  Substitution, 
By  Professor  E.  B.  Elliott,  Jf.il.,  F,R,S. 

If(Ao,Ai,A3,...An)(:i-,y)'' 

=  (flo,  «i,  ff2>  •  •  •  ''w)  (^  +  »wy,  Vx  +  m'yY 

and  O,  0  denote  the  operators 

d      r,     d  d 

respectively,  then,  P  (a)  denoting  a  rational  integral  homogeneous  isoharic  function 
of  Oq,  a^  ^2, . .  .  On,  whose  order  and  weight  are  i  and  tr, 

in  I'm' 

P  (A)H(Zm'-rm)*-«'m'*-<-«^'°  e  ^''-^"^^ F (a) 
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Depabtkests  ir.,  III. 

A  joint  meeting  with  Section  I.  was  held  to  diacuss  the  two  foUowing  Papers 
hy  Professor  Oliver  Lodge : — 

10.  On  Experiments  illustrating  Clerk  MaxtuelVs  Theory  of  LighU 
By  Professor  Oliver  Lodge,  FM.S. 


11.  On  an  Electrical  Theory  of  Vision, 
By  Professor  Oliver  Lodge,  F,B,S, 


DsPABTaCENI  II. 

12.  On  the  Velocity  of  the  Cathode  Rays, 
By  Professor  J.  J.  Thomson,  F,R,S. 


13.  On  a  Ten-candle  Lamp  for  use  in  Photometry, 
By  A.  Vernon  Harcourt,  M,A,^  F,R,S, 

The  author  has  in  former  years  brought  before  this  Secdon  a  burner  consuminf^ 
a  mixture  of  air  with  pentone  vapour,  and  lamps  consuming  pentane  vapour,  which 
gave  a  constant  amount  of  light  equal  to  that  of  an  average  standard  candle. 

When  so  small  a  light  is  used  in  the  ordinary  photometry  of  coal-gas,  errors 
from  defects  in  the  adjustment  of  the  photometer,  or  from  slight  haziness  in  the 
atmosphere  of  the  testing-place,  are  greater  than  when  a  light  is  used  more  nearly 
of  the  same  magnitude  as  that  of  the  gas-flame  which  is  measured.  A  light  of 
ten  candles  is  well  suited  for  the  purpose.  It  has  been  shown  that  such  a  light 
can  be  obtained  from  an  argana  gas-burner  consuming  lur  saturated  with  the 
vapour  of  pentane ;  and  a  gas-burner  has  been  proposed  for  use  which  is  well 
suited  for  this  purpose,  except  perhaps  in  being  of  a  rather  complex  structure. 
But  to  supplv  air  saturated  with  pentane  vapour  at  a  steady  pressure  there  is 
needed  a  gas-holder  of  a  few  cubic  feet  capacity.  The  addition  of  such  a  gas-holder 
to  the  apparatus  makes  it  more  costly  and  not  easily  portable.  It  has  been  shown 
that  great  variations  may  occur  in  the  proportions  of  pentane  and  air  consumed  by 
the  ffas-bumer  without  materially  affecting  the  light  given  out  by  the  lower  part 
of  the  gas-flame.  The  admixture  of  air  is,  however,  unnecessary,  since  at  a 
moderate  temperature  pentane  can  be  volatilised  without  there  being  any  necessity 
for  reducing  the  atmospheric  pressure  by  the  admixture  of  another  gas.  The  lamp 
shown  is  on  the  same  principle  as  the  one-candle  lamp  devised  by  the  author  seven 
years  ago.  The  wick  is  raised  or  depressed  by  the  ordinary  rack-and-pinion 
movement,  the  lower  end  of  it  dipping  into  pentane  in  the  body  of  the  lamp,  while 
the  upper  end  is  warmed  by  the  heat  conducted  down  from  the  flame.  In  the  ten- 
candle  burner  the  wick  fills  the  circular  interspace  between  the  central  and  outer 
tubes  of  an  ai^and.  The  only  difference  between  this  and  an  ordinary  lamp  is 
that  the  wick  does  not  come  near  the  flame,  and  needs  no  cutting  or  renewal ;  nor 
does  the  smoothness  or  roughness  of  its  upper  surface  affect  the  burning  of  the  lamp. 

The  dimensions  of  the  lamp  and  chimney  upon  which  the  air  currents  insiae 
and  outside  the  flame  depend  have  been  determined  by  experiment  so  as  to  produce 
a  bright  and  steady  flame.  The  entrance  to  the  inner  tube  is  through  a  triangular 
opening  as  in  the  usual  construction  of  such  lamps.  It  was  found'  that  the  free 
admission  of  air  at  this  entrance  caused  an  inequality  in  the  flame,  two  peaks 
appearing  on  either  side  of  the  place  of  admission  of  air.  To  steady  and  regulate 
the  admission  of  air  at  this  point,  a  cylindrical  case  is  fixed  round  the  lower  part 
of  the  tube,  into  which  air  is  admitted  through  a  round  hole  16  mm.  in  diameter. 

The  flame  of  a  rich  gas  burning  from  a  wide  opening  is  of  the  odlour  of  candle- 
light even  when  an  abundant  supf>ly  of  air  is  provided  on  both  sides  of  the  flame. 
The  light  of  a  good  gas-burner  is  less  red,  or  more  blue,  than  this ;  and  it  is 
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important  fbr  the  photometry  of  coal-gas  that  the  standard  light  employed  should 
be  as  nearly  as  possible  of  the-  same  colour  as  the  light  of  the  ^as«flame.  Th%. 
light  of  the  lamp  has  been  brought  to  this  colour  by  a  smaU  admission  of  air  below 
the  point  of  combustion.  Twelve  holes,  each  3  mm.  in  diameter,  have  been  drilled 
through  the  outer  tube  15  mm.  below  the  top.  The  draught  of  the  chimney  is 
saflScient  to  determine  an  entry  of  air  through  these  holes,  which,  happening  under 
iixed  conditions,  is  constant  in  amount.  A  short  cylindrical  screen  goes  round  the 
chimney,  the  bottom  of  which  is  68  mm.  above  the  surface  of  the  burner ;  and  both 
screen  and  chimney  are  surrounded  by  a  pentagonal  shade,  four  panels  of  which 
are  filled  with  blue  glass,  while  the  fifth,  which  is  turned  towards  the  disc  of  the 
photometer,  is  filled  half-way  down  with  a  metal  plate,  which,  overlapping  the 
inner  screen,  allows  only  the  light  from  the  lower  part  of  the  flame  to  fall  on  the 
disc  of  the  photometer.  By  supporting  the  lamp  at  such  a  height  that  the  bottom 
of  the  screen  is  level  with  the  centre  of  the  disc,  errors  of  parallax  are  avoided. 
Mr.  Sugg,  I  believe,  observed,  and  Mr.  Dibdin  has  proved,  that  with  the  flame  of 
an  argand  burner  the  light  thus  given  by  the  lower  part  of  the  flame  is  independent, 
within  wide  limits,  of  the  total  height  of  the  flame.  The  observation  is  true,  not 
only  for  a  particular  burner,  but  for  many,  and  proljably  for  most,  argand 
burners.  Many  alterations  have  been  made  in  the  structure  of  this  lamp,  aod  it 
has  generally  been  found,  though  not  always  with  equal  exactness,  that  the  height 
of  the  flame  did  not  afiect  the  light  emitted  from  its  lower  part.  As  the  lamp  is 
now  arranged  the  height  of  the  flame  can  be  observed  through  the  blue  glass 
panels,  and  whether  the  top  is  just  visible  above  the  circular  screen  or  rises  to  the 
top  of  the  panel,  the  light  which  falls  upon  the  disc  of  the  photometer  does  not 
alter  measurably.  The  adjustment  of  the  light  to  the  value  of  ten  candles — in 
other  words,  the  adjustment  of  the  height  of  the  circular  screen — has  been  effected 
by  a  number  of  comparisons  between  the  lamp  and  the  one-candle  pentane 
standard. 


14.  On  the  Cause  of  Hie  Spurious  Double  Lines  sometimes  seen  with  Spectro- 
scopes^ and  of  tlie  Slender  Appendages  which  accompany  tliem.  By 
G.  Johnstone  Stonby,  M.A,^  D.Sc.^  F.B.S, 

Spurious  double  lines  are  sometimes  seen  with  the  spectroscope.  In  order  to 
observe  the  phenomenon  it  is  not  necessary  to  use  the  complete  spectroscope,  noi 
is  monochromatic  light  essential.  It  is  sufficient  to  look  with  the  telescope  of 
the  instrument  directly  down  the  collimator,  so  as  to  see  the  image  of  the  slit. 
If  the  instrument  be  now  pointed  towards,  or  neai-ly  towards,  a  distant  flame, 
and  if  the  slit  be  narrowed  down  to  a  certain  point,  a  spurious  double  line  will  be 
seen  in  the  observing  telescope,  instead  of  a  correct  image  of  the  slit.  The 
phenomenon  will  be  produced  under  the  circumstances  which  most  readOy  admit 
of  investigation  when  the  incident  light  is  restricted  to  a  single  beam  of  plane 
waves,  faUing  on  the  slit  either  normally  or  obliciuely ;  and  incident  light  which 
sufficiently  approximates  to  being  of  this  kind  is  easily  provided  bv  placing  a 
coarse  supplementaiv  slit  in  front  of  the  lamp  flame  and  allowing  only  the  light 
which  passes  through  this  slit  to  reach  the  collimator. 

Under  these  circumstances  it  will  be  found  that  when  the  light  falls  normally 
on  the  slit  of  the  spectroscope  it  will  form  an  image  in  the  observing  telescope 
which,  with  a  certain  width  of  slit,  becomes  a  rather  coarse  double  line  bordered 
on  either  side  by  an  exceedingly  fine  hair-like  appendage,  which  is  visible  onlv 
when  the  light  is  sufficiently  intense.  By  causing  the  incident  light  to  fall 
obliquely  the  two  constituents  of  the  double  line  may  be  made  to  thin  down, 
leaving  a  considerable  dark  interval  between  them,  and  then  present  very  much 
the  appearance  of  the  sodium  lines  when  fine.  In  intermediate  positions"  of  the 
incident  light  the  interval  between  the  two  constituents  of  the  double  line  is 
occupied  by  a  bright  ruling  of  hair-like  appendages,  varying  in  number  with  the 
indination  of  the  incident  light.  The  conditions  of  the  experiment  may  be 
modified  in  other  ways,  and  other  appearances  produced — notably  a  flare  con- 
sisting of  a  ruling  of  bright  lines  fading  out  in  one  direction. 
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'  All  these  appearances  belong  to  the  same  class  as  tlie  spurions  dial  of  a  star 
with  its  attendant  diffraction  rings  when  viewed  through  a  telescope,  and  as  the 
images  which  rery  minute  objects  present  when  examined  by  the  microscope.  In 
all  these  cases  the  ima^e,  as  was  long  ago  pointed  out  by  Fraunhofer,  is  not  a 
reproduction  of  the  object.  In  fact,  when  the  object  is  so  small  or  so  remote 
that  the  rays  of  light  that  reach  the  coUimating  lens  from  different  parts  of  it 
differ  only  by  a  part  of  a  wave-length  or  by  a  few  wave-lengths,  the  diifraction 
phenomena  which  are  always  present  become  of  large  size.  These,  in  the  cases 
we  have  to  deal  with,  take  the  form  of  a  direct  beam  of  light  spread  out,  with 
coloured  fringes  extending  like  a  fan  to  the  right  and  left.  If  the  telescope  with 
which  the  object  is  viewed  can  take  in  the  whole  of  the^e  we  get  a  true  de- 
lineation of  the  object.  But  if  it  can  only  take  in  some  of  them,  then  the  image 
we  see  is  not  a  representation  of  the  object,  but  the  image  of  another  object,  viz.  of 
that  object  which  would  emit  the  same  central  beam  and  those  only  of  the  fringes 
which  the  instrument  can  grasp,  but  not  any  of  the  others.  In  all  cases  this  apparent 
object  differs  from  the  real  object,  and  in  some  cases  is  wholly  unlike  it. 

If,  for  example,  after  removing  the  eye-piece,  we  look  directly  at  the  li^bt 
transmitted  by  the  coUimating  lens,  and  make  the  adjustments  such  that  the  in- 
strument takes  in  only  the  central  beam  and  the  first  difiraction  spectrum  on  either 
side,  then  on  replacing  the  eye-piece  we  shall  see' a  double  line  instead  of  a  correct 
image  of  the  slit.  This,  with  some  very  thin  appendages  which  can  only  be  seen 
when  the  light  is  sufficiently  bright,  i8,1n  fact,  the  kind  of  object  which  would  emit 
a  central  beam  and  a  first  diffraction  spectrum,  and  these  only,  of  those  brpadths, 
in  those  phases,  and  with  that  ratio  of  the  brightness  of  the  central  beam  to 
the  first  difiraction  spectrum  which  prevail  between  those  parts  of  the  light  a» 
actually  received  by  the  coUimating  lens. 

The  image  that  presents  itself  might  conceivably  be  calculated  by  dividing  the 
wave  front  as  it  passes  the  coUimating  lens  into  pairs  of  strips,  and  integrating  the 
illumination  these  produce  on  the' focal  plane.  This  is  the  method  employed  in 
the  case  of  the  snurious  disks  of  stars.  But  even  if  this  method  were  practicable 
it  would  be  infenor  to  a  tentative  geometrical  treatment  of  the  problem  which, 
though  it  does  not  furnish  the  exact  result,  is  more  instructive.  The  geometrical 
method  makes  clear,  which  the  integrations  would  not,  why  the  thin  appendage 
lines  present  themselves  in  addition  to  the  main  double  line. 

It  was  obviously  desirable  to  attack  the  problem  in  its  simplest  form,  which 
occurs  when  the  incident  light  reaches  the  slit  of  the  collimator  normaUy.  It  is 
possible  from  general  considerations,  based  on  the  theory  of  diffraction  gratings^ 
to  conclude  that  then  the  main  part  of  the  light  of  the  image  as  seen  must  be  con- 
centrated into  ttco  parallel  strips  constituting  a  so-called  double  line.  The  next 
step  is  to  assume  a  distribution  of  light  in  two  such  strips  which  would  produce^ 
and  which  therefore  would  be  the  image  formed  by,  a  central  beam  and  dimaction 

?)ectra  of  which  those  of  even  orders,  the  2nd,  4th,  &c.,  are  of  zero  illumination, 
his  can  be  done  in  various  ways,  producing  different  distributions  of  the  light 
between  the  central  beam  and  the  spectra  of  odd  orders.  The  next  step  is  to 
select  among  these  one  which  gives  nearly  the  same  ratio  of  brightness  of  the  first 
spectrum  to  the  central  beam  as  prevails  in  the  light  which  actually  reaches  the 
coUimator  from  the  slit.  This  was  effected  by  making  the  strips  broad,  brighter 
in  the  middle,  and  with  an  interval  between  them  about  one-seventh  of  their 
width.  The  next  step  is  to  modify  this  distribution  of  Ught,  so  as  to  secure  leio 
illumination  in  the  third  spectrum,  while  retaining  the  extinction  of  the  spectra  of 
even  orders.  This  was  efi'ected  by  removing  one-eighth  of  the  light  from  each  of 
the  two  strips ;  transferring  half  of  this  eighth  to  a  certain  part  of  the  other  strip, 
and  with  the  other  half  forming  an  appendage  line  outside  the  strip,  at  a  distance 
from  it  of  nearly  half  its  width^  and  only  one-seventh  as  broad.  The  distribution 
of  light,  when  modified  in  this  way,  on  both  the  constituents  of  the  double  line 
would  present  the  appearance  of  a  somewhat  coarse  double  line,  with  a  narrow 
interval  between  them,  and  accompanied  by  two  hair-like  appendage  lines,  one  to 
the  right  and  the  other  to  the  left  of  the  main  double  line ;  and  this  reaemUes 
the  image  as  it  actuaUy  presents  itself  in  the  telescope  of  the  instrument 

We  thus  see  that  part  of  the  light  must  appear  in  the  form  Qf  £uot  appendages 
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in  order  to  reconcile  the  extinction  of  the  third  spectrum  with  the  eimuUaneoua  die- 
appearance  of  the  spectra  of  even  orders.  To  get  rid  of  the  distant  and  fainter  dth, 
7tb,  &c.y  spectra  conaisteQuy  with  the  other  conditions  of  the  problem  in  general 
requires  a  further  modification  of  the  main  lines,  a  modification  of  the  appendages 
already  existing,  and  the  introduction  of  other  still  fainter  appendages.  It  should 
he  mentioned  that  it  is  possible  to  make  the  adjustments  such  that  the  appendage 
lines,  or  some  of  them,  shall  overlie  the  main  unes,and  become  merged  in  them,  so 
as  not  in  the  obserrations  to  be  distinguishable  from  them. 

Having,  by  the  geometrical  treatment  of  some  simple  cases,  made  ourselyes 
acquainted  with  the  general  progress  of  events,  it  is  best  to  study  by  obser- 
vation what  the  details  become  with  each  of  the  innumerable  distributions  of  Ught 
that  can  be  made  to* pass  the  coUimating  lens,  and  to  record  the  principal  results; 
for  it  would  be  an  endless  task  to  attempt  the  prediction  of  every  phase  of  so 
Protean  a  phenomenon.  The  observations  are  of  a  simple  kind,  since  the  image 
which  is  formed  in  each  case  may  be  directly  viewed  in  the  telescope,  and  we  can 
also  easily  ascertain  what  has  been  the  light  that  has  produced  this  image,  by 
simply  taking  out  the  eye-piece  and  then  looking  down  the  tube  of  the  telescope 
and  through  its  object-glass.  We  thus  see  the  collimating  lens,  and  those  parts 
of  the  central  band  and  difiraction  fringes  formed  by  the  slit  which  have  reached 
the  collimating  lens,  so  that  these  become  known. 


15.  On  the  Luminosity  observed  when  a  Vacuum  Bulb  is  broken. 
By  John  Burke. 

It  was  noticed  by  Beccaria  that  a  luminous  efiect  was  produced  when  vacuum 
bulbs  were  broken  in  the  dark.  After  making  some  ex^riments  upon  the  subject 
he  attributed  the  luminous  appearance,  not  to  the  breaking  of  the  glass,  but  to  the 
dashing  of  the  external  air,  on  the  inside,  when  it  was  broken.  Professor  J.  J. 
Thomson,  in  his  work  on  '  Recent  Researches  in  Electticity  and  Magnetism,'  has 
brought  forward  the  phenomenon  observed  by  Beccaria  as  likely  to  confirm 
Mr.  Crookes's  theory  of  phosphorescence  in  a  vacuum  tube.  The  two  phenomena, 
however,  that  of  phosphorescence  in  a  vacuum  tube  and  that  produced  by  the 
breaking  of  vacuum  bulbs,  seem  to  be  totally  distinct ;  and  the  luminosity  in  the 
latter  case  seems  to  be  due  to  the  collisions  of  the  particles  of  glass  with  each 
other.  Beccaria  also  obtained  a  light  when  air  was  allowed  to  strike  against 
bodies  placed  inside  a  receiver,  by  the  bursting  of  a  bladder,  but  this  was  un- 
doubtedly due  to  the  burning  portions  of  the  Uadder,  that  were  stopped  in  their 
descent  by  the  articles  within  the  receiver,  which  he  ap^ars  not  to  have  observed. 

The  following  experiments  tend  to  disprove  Beccaria's  theory.  A  number  of 
fragments  of  broken  glass  were  supported  at  the  mouth  of  the  receiver  of  an  air- 
pump  by  an  arrangement  such  that  when  air  was  allowed  to  rush  into  the 
receiver  by  the  removal  of  a  thick  glass  plate  which  served  to  cover  the  opening 
at  the  top,  the  pieces  of  ^lass  were  capable  of  descending  with  the  air.  The  same 
lundnous  efiect  was  obtamed  as  when  vacuum  bulbs  were  broken. 

A  single  spark  was  visible  when  only  one  piece  of  glass  was  employed,  and 
appeared  as  though  it  had  been  caused  by  the  striking  of  this  against  the  side  of 
the  receiver.  Wnen  no  fragments  of  glass  were  employed  no  light  was  observed, 
even  when  a  number  of  articles  were  placed  at  the  bottom  of  the  receiver. 

Air  was  made  to  issue  forth,  on  the  surface  of  various  substances,  and  especially 
on  the  sharp  edges  of  broken  glass,  from  botties  containing  the  air  in  a  highly 
compressed  state,  but  without  any  luminous  effect. 

The  same  results  were  obtained  with  other  gases  besides  air. 

A  light  was  obtained  when  two  large  pieces  of  glass  were  violently  struck, 
but  no  light  was  observed  by  the  mere  breaking  of  glass  either  in  air  or  in  a  vacuum. 

Other  substances  instead  of  glass  were  abo  employed,  such  as  cast  iron,  steel, 
copper,  ebonite,  sealing-wax,  bone,  but  without  any  luminous  efiect. 

All  the  experiments  made  seem  to  point  to  the  conclusion  that  the  phenomenon 
is  not  due  to  the  violent  impact  of  the  air  on  the  glass  but  to  the  collisions  of  the* 
iragmenta  of  glass  with  eacn  other. 
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16.  On  the  Correction  of  Optical  Instruments  for  Indimdudt  Byes. 
By  Tempest  Akdebson,  M,D,i  B.Sc. 

The  subject  of  astigmatiem  is  now  well  understood,  and  the  public  aie 
beginning  to  recognise  that  a  very  lar^  proportion  of  cases  of  defective  eifht 
require  a  cylindrical  as  well  as  a  ephencal  element  in  the  corrective  spectadea, 
and  can  by  this  means  obtain  a  much  greater  acuteness  of  vision  than  without  it. 
It  is  also  well  Imown  that  ordinary  myopic  or  hypermetropic  eyes,  even  if 
presbyopic,  can  obtain  perfect  vision  with  a  telescope  or  microacope  by  adjusting- 
tbe  focus ;  but  it  is  quite  different  with  astigmatic  eyes,  for  as  the  image  comes 
into  focus  with  one  meridian  of  the  eye,  it  goes  out  with  the  other. 

Persons  with  such  eyes  when  ordered  spectacles  are  often  rather  casually  told 
that  they  must  wear  their  glasses  when  usmg  a  telescope  or  microscope,  but  there 
the  matter  usually  ends,  for  the  spectacle  glass  is  founa  to  come  against  the  eye- 
piece, and  even  if  it  does  not,  the  spectacle  lens  is  not  centred  on  the  instrument, 
and  various  ghosts  and  false  images  are  formed,  which  cause  the  glasses  to  be 
laid  aside. 

Few  eyes  are  altogether  free  from  astigmatism ;  probably  half  could  have  their 
vision  perceptibly  improved  by  suitable  cylindrical  lenses ;  and  though  the  defect 
is  not  sufficient  to  make  it  worth  while  to  wear  spectacles,  it  is  greater  than  would 
be  allowed  to  exist  in  a  telescope  or  microscope  by  a  good  maker.  The  defect  is, 
of  course,  more  noticeable  in  the  use  of  instruments  which  give  a  pendl  of  rays 
which  fully  fiUs  the  pupil,  such  as  the  lower  powers  of  telescopes  and  opera  glasses 
and  hand-magnifiers. 

The  remedy  is  simple,  viz.,  to  mount  a  cylindrical  lens  of  power  suitable 
for  the  individual  eye  m  a  cap,  which  can  be  applied  to  the  eye-piece  of  the 
instrument.  The  lens  can  be  properly  centred,  and  causes  no  ghosts  or  false  images, 
and  being  close  to  the  lens  of  the  eye-piece  takes  up  very  little  room,  and  allows  the 
eye  to  come  convenienly  near  the  instrument.  Each  observer  will  have  one  lena 
to  suit  his  own  eyes,  applied  to  his  own  instrument;  but  for  the  benefit  of  those 
who  like  a  complete  instrument  with  a<iyustmcnts  to  suit  their  friends,  I  may 
point  out  that  it  is  not  necessary  to  correct  the  spherical  error  of  the  eye,  as  this 
can  be  done  by  focussing,  so  that  a  set  of  caps  containing,  say,  a  dozen  cylindrical 
lenses  of  the  ordinary  powers  would  enable  a  telescope  to  be  corrected  for  almost 
any  observer,  provided  ne  knew  what  cylinder  he  required. 


17.  How  tlie  Misuse  of  the  Word  *  ForcSy  in  AttracUons,  Electricity y  and 
Magnetism^  Tnay  he  avoided  without  much  departure  from  existing 
practice.    By  Dr.  G.  Johnstonb  Stoney,  F,R.S. 

All  the  classical  writers  on  dynamics  of  the  early  part  of  the  present  century — 
Laplace,  Lagrange,  Poisson,  Gauss,  and  many  others — used  the  word  Force  in 
two  distinct  senses,  viz.,  for  F  the '  Moving  force,'  and  for  /  the  '  Accelerating 
force.'  A  distinct  improvement  was  introduced  several  years  ago  when  the  word 
force  was  restricted  to  the  former  of  these  meanings,  and  when  the  <  accelerating 
force'  was  named  the  acceleration,  or,  as  it  ought  rather  to  be  called,  the 
accelerator. 

There  is,  however,  one  exception.  In  treatises  on  Attractions  it  is  sdll  usual 
to  call  /  the  force  of  attraction.  There  seems  no  sufficient  excuse  for  this ;  and  it 
is  therefore  suggested  that  tiie  word  accelerator  be  used  instead.  We  may  then 
say  in  dealing,  for  instance,  with  gravitation — 

TAM  1  /--^^  is  the  F--^^  is  the 

[Old  names]  *^         f^  ^a  t^ 

Accelerating  force  Moving  force 

Accelerator 
[New  names]  (often  miscalled  'Force  of  Force 

attraction ') 
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Next  as  reffards  Potential.  This  term  ib  used  in  Dynamics,  Electricity,  and 
Maffnetism  to  designate  phTsical  quantities  of  difl'erent  dimensions ;  but  in  all  it 
is  that  factor  of  enei^  which,  in  order  to  convert  it  into  energy,  requires  to  be 
multiplied — 

In  Dynamics,  by  a  mass. 

In  Electricity,  by  a  quantity  of  electricity. 

In  Magnetism,  by  a  quantity  of  magnetism. 

This  may  be  stated  conveniently  by  saying  that — 

In  Dynamics,  Potential  is  the  dynamic  energy^factor.  In  Electricity,  Potential  is 
the  electric  energy^factcr.  In  Magnetism,  Potential  is  the  magnetic  entrgy-fador. 
Now  a  similar  treatment  of  the  term  accelerator  would  at  once  cany  out  con- 
sistency in  our  nomenclature,  would  point  attention  to  the  true  relation  between 
these  three  sciences,  and  would  free  us  from  one  part  of  the  misuse  of  the  word 
force  which  is  now  prevalent.    If  this  suggestion  be  adopted,  we  shall  speak  of— 

The  dynamic  accelerator,  viz.,  that  force-factor  which  requires  to  be  multiplied 

by  mass  to  convert  it  into  a  force ; 
The  electric  accelerator,  viz.,  HidLt  force-factor  which  requires  to  be  multiplied 

by  a  quantity  of  electricity  to  convert  it  into  a  force ;  and 
The  magnetic  accelerator,  viz.,  that  force-factor  which,  requires  to  be  multiplied 

by  a  quantity  of  magnetism  to  convert  it  into  a  force. 

And  these  terms  will  take  the  place  of  what  are  now  miscalled  the  Electric  Force  in 
an  Electric  Field,  and  the  Magnetic  Force  in  a  Magnetic  Field ;  physical  quantities 
which  are  in  reality  not  forces  at  all,  but  force-factors. 

There  will  then  remain  only  one,  but  it  is  the  greatest  offender  of  them  all,  viz., 
Electro-motive  Force — an  abominable  term,  since  it  is  not  a  force,  nor  even  a  force- 
factor.  It  is  in  reality  an  energy-factor.  Why  not  substitute  the  term  Potefncy  or 
Potential  Ranges  which  would  exactly  describe  what  it  is,  and  which  would  offer 
the  additional  convenience  of  enabling  us  to  speak,  not  only  of  the  Potency 
of  a  battery  or  dynamo,  extending  over  the  entire  current  from  pole  to  pole,  but 
also  of  the  Potential  Kange  of  each  piece  of  apparatus  introduced  into  the  circuit 
extending  from  the  place  where  the  current  enters  it  to  the  place  where  it  emerges  ? 
It  is  often  convenient  to  be  able  to  speak  of  this  concisely  and  without  periphrasis. 
The  phrase  potency  of  a  battery  seems  the  most  appropriate  one  for  indicating  how 
much  work  the  battery  compels  each  unit  of  electricity  that  traverses  the  circuit 
to  do.  This  is  what  the  term  ought  to  imply;  and  the  term  Potency  does  so 
without  introducing  a  false  analogy  like  the  term  Pressure  which  is  sometimes 
used. 


18.  On  a  Nomenclature  for  very  mtich  Facilitating  the  Use  of  Systematic 
Measures.    By  G.  Johnstone  Stonet,  if.il.,  B.Sc,  F.B.S. 

In  this  communication  the  author  recommended  certain  prefixes  and  affixes, 
which  he  had  been  engaged  for  several  years  in  testing,  and  which  provide  a  means 
of  avoiding  periphrases  and  of  speaking  and  thinking  concisely  about  matters  with 
which  modem  science  has  frequently  to  deal.    The  syllables  suggested  are — 

Hyper^,  -ein,  -etf  -o-,  -c/,  and  -owe. 

The  metric  system  of  weights  and  measures  furnishes  a  complete  decimal  series 
of  lengths  and  masses,  and  of  the  physical  quantities  derivable  from  them,  such  as 
volume,  density,  &c. :  tie.,  it  presents  us  not  only  with  the  metre,  the  gram,  the 
cubic  metre,  and  so  on,  but  also  with  all  the  decimal  multiples  and  submultiples  of 
eadi  of  these.  Moreover,  it  only  needs  to  use  the  metric  system  with  the  second 
as  our  imit  of  time  to  have  an  equally  complete  series  of  every  other  physical 
quantity,  such  as  density,  velocitv,  force,  and  energy  in  dynamics,  along  with  the 
▼arions  other  physical  magnitadea  with  which  the  sciencea  of  electricity  and 
magnetism  are  separately  concerned.  ^  -  . 
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Now  C.G.S.  unitB  are  one  of  the  immmenible  metric  systems  of  systematic 
phydcal  units  thus  placed  at  our  disposal.  This  particular  system  is  found  to  be 
inconvenient  for  use  by  practical  men ;  which  makes  it  desirable  that  they  should 
be  able  on  many  occasions  to  avail  themselves  of  other  metric  systems  equally 
systematic  and  in  closer  relation  to  their  work.  This  is  the  more  to  be  recom- 
mended since  the  translation  from  any  such  system  into  the  C.G.S.  system,  in 
which  our  best  tables  of  physical  units  exist,  or  from  the  C.G.S.  system  into  it, 
can  by  the  proposed  nomenclature  be  made  so  conspicuous  as  to  be  alwajs  certain 
and  easy.  The  prefix  hyper-  and  the  affix  -0m  are  designed  to  provide  us  with 
facilities  for  doing  this. 

Employing  the  word  weiffhts  to  designate  the  pieces  of  metal  used  with  our 
balances,  it  may  be  stated  to  be  the  usual  practice  of  engineers  and  physicists  to 
measure  forces  oy  the  gravitations  of  these  weights,  i,e.,  by  the  downward  forces 
exerted  by  them  at  the  station  where  the  experimenter  works.  Now  the  gravita- 
tions or  downward  forces  of  all  weighU^  and  therefore  of  the  metric  series — ^the 
gram  weight  and  its  decimal  multiples  and  submultiples — vary  slightly  from  one 
station  on  the  earth's  surface  to  another;  while  the  <f«ctma/  series  of  systematic 
forces  (determined  by  the  condition  that  they  are  the  force  which  will  produce  an 
acceleration  of  a  metre  per  sec.  per  sec.  in  a  mass  of  a  kilogram,  along  with  the 
decimal  multiples  and  submultiples  of  this  force)  is  a  system  of  forces  quite  inde- 
pendent of  the  place  of  observation,  and  therefore  each  of  them  maintains  the  same 
value  over  the  whole  universe.  Here,  then,  we  have  two  decimal  series  of  forces — 
one  the  fixed  series  required  in  dynamical  calculations,  the  other  the  gravitations 
or  downward  forces  ot  the  metric  weights,  convenient  in  experiments  but  de- 
pending for  the  amounts  of  these  forces  upon  the  situation  where  the  experiment  is 
made.  Now  it  so  happens  that  the  theoretic  forces  are  close  to — about  two  per 
cent,  more  than — the  laboratory  forces ;  and  hyper-,  when  prefixed  to  the  name  of 
a  weight,  is  intended-  to  signify  the  slight  increase  which  has  to  be  made  in  it  to 
make  its  gravitation  become  equal  to  the  adjoining  theoretical  force.  Thus  in  the 
language  of  systematic  measures  the  hektogram,  kilogram,  &c.,  are  masses ;  but  the 
hyper-hektoffram,  hype]^kilogram,  and  so  on,  are  forces^  viz.,  those  forces  of  the 
systematic  decimal  series  which  are  about  two  per  cent,  more  than  the  gravitations 
of  the  hektogram,  the  kilogram,  and  the  other  metric  weights.  The  prefix 
hyper-  may  accordingly  be  paraphrased  into  MO/y  times  the  gravitation  of  the 
weight  whose  mass  is  a  — .'  The  coefficient  10/^,  which  is  indicated  by  hyper-, 
^  which  g  is  gravity  at  the  station  where  the  experiment  is  made,  expressed  in 
metres  per  second  per  second),  varies  from  1*022  at  the  equator  to  1*017  at  the 
pole,  and  is  about  1*019  in  England ;  *  or,  with  more  exactness,  an  observer  at 

>  The  following  is  a  convenient  formula  for  the  unit  of  absolute  force  : — 
The  hyper-hektogram»the  gravitation  or  downward  force  in  vacuo  of 

(10197*8  +  26  cos  2\  + .-    )  centigrams 
306 

at  latitude  X,  and  at  the  height  of  h  metres  above  the  sea. 
Hence  the  hyper-hektogram  to  the  nearest  milligram 

Grams  used  as 
weights  in  va- 
cuo    and     at 


level  of  sea. 

102*238 

at  the  equator 

.     101*978 

at  the  latitude  of  ^S"* 

'     101*920 

1* 

Greenwich,  which 

is  61 »  28' 

.     101*903 

Dublin 

ft 

63^20' 

101*902 

It 

Manchester 

ft 

680  29' 

.     101*892 

It 

Belfast 

ft 

64«>  36' 

'.     101-882 

»f 

Glasgow 

It 

66«>  51' 

^     101*881 

fi 

Edinburgh 

If 

56*  57' 

-•     101*718 

at  the 

poles. 

the  extreme  range,  between  the  equator  and  the  poles,  being  the  gravitation  of  about 
half  a  gram  (0*52  gram). 
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Manchester  would  have  to  put  into  one  scale  of  his  balance  101*902  gram  weights 
(with  small  corrections  for  nis  height  over  the  sea,  and  for  the  air  displaced  bj  the 
weights)  in  order  to  urge  this  scale  downwards  with  precisely  that  force  (the 
hyper-hektogram)  which,  if  it  acted  on  a  mass  of  one  kilogram,  would  generate  in 
it  an  acceleration  of  one  metre  per  second  per  second.  This  he  would  express  by 
saying  that  the  hyper-hektogram  (that  member  of  the  series  of  decimal  systematic 
forces  which  ditiers  but  little  from  the  gravitation  of  a  hektogram)  is  in  reality  the 
ffravitation  at  Manchester  of  101*002  gram  weights,  weighed  in  vacuo  and  at  the 
level  of  the  sea. 

Another  affix  which  will  be  found  convenient  is  -etit,  meaning  ^  unit  of/  so  that 
the  forcein  shall  sifj^nify  the  unit  of  force,  the  massein  the  unit  or  mass,  &c,,  which 
we  happen  at  the  time  to  be  employing.    Thus  in  the  C.G.S.  system 

The  raassein  is  one  gram ; 

The  lengthein  is  one  centimetre ;  * 

The  timein  is  one  second ; 

whence 

The  forcein  is  the  C.G.S.  dyne,  which  is  one  hyner-milligram,  and 
The  energein  is  the  C.G.S.  erg,  which  is  the  nundred-thousandth  part  of 
one  hyper-grammetre. 

The  dyne  is  far  too  small  a  unit  of  force  for  convenient  use  in  the  laboratory 
of  the  mechanician  or  even  of  the  physicist  It  is  the  gravitation  of  a  tiny  fragment 
of  note-paper  not  more  than  about  one-eighth  of  an  inch  square.  And  the  erg,  the 
nnit  of  energy  in  C.G.S.  measure,  is  still  more  preposterously  small.  The  gram- 
metre  is  already  a  small  measure  of  energy,  the  hyper-grammetre  is  only  about 
two  per  cent,  more ;  and  the  erg  is  the  hundred-thoueandth  part  of  thus  small 
measure. 

Much  better  systems  for  practical  use  are  the  E.M.S.  system  and  the  M.M.S. 
system.  The  K.M.S.  system,  which  is  based  on  the  kilogram  metre  and  second, 
will  be  found  the  most  convenient  in  the  laboratory  of  the  dynamical  physicist. 
In  this  system — 

The  massein  is  one  kilogram ; 
The  lengthein  is  one  metre ;  and 
The  timein  is  one  second. 

These  are  its  fundamental  units,  whence  are  derived — 

The  velocitein  of  one  metre  per  second,  about  an  ordinary  walking  pace ; 
The  densitein  of  one  gram  per  litre,  in  which  unit  the  maximum  density  of 

water  is  1,000,  and  the  density  of  standard  air  is  1*276 ; 
The  forcein  of  one  hyper-hektogram,  a  measure  of  convenient  amount ;  and 
The  energein  of  one  hyper-hditogrammetre,  which  is  equally  convenient. 

The  supply  of  this  amount  of  energy  per  second  is  what  electricians  call  a 

'  watt.' 

To  the  engineer  and  to  the  electrician  the  M.M.S.  system  offers  certain  advan- 
tages over  that  just  described ;  and  either  of  them  is  immeasurably  to  be  preferred 

.  To  each  of  these  add  one  milligram  for  every  30(  metres  (100  British  feet)  that 
the  station  is  above  the  sea,  and  add  between  15  and  16  miiligrams  if  the  weights 
are  used  in  air,  and  if  they  are  brass  weights. 

The  correction  for  latitude  may  be  made  with  sufficient  accuracy  within  the 
British  Isles  by  allowing  one  centigram  for  every  W  that  the  station  is  north  of 
the  latitude  of  45^,  «.«.,  one  milligram  for  a  difference  in  latitude  of  6*7  minutes  of 
arc ;  the  error  of  this  approximation  amounting  to  only  one  milligram  at  Edin* 
burgh,  where  it  is  more  tlum  at  any  other  of  the  above  stations— An  en  or  which  is 
usually  of  no  account,  since  no  determination  of  the  kind  can  be  mad<u*'-o  within  lesa 
than  a  fif  thet  of  its  entire  amount.  .  .  . 
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io  practical  work  to  the  O.G.S.  system.  In  the  M.M.S.  system  the  fundamental  units 


A  maasein  of  ten  kilograms  (the  myriagram) ; 
A  lengthein  of  one  metre ;  and 
A  timein  of  one  second ; 

whence  we  ohtain,  as  derived  units — 

The  yelocitein  »  one  metre  per  second ; 

The  densitein  "ten  grams  per  litre;  in  which  unit  the  maximum  density  of 

water  is  100 ; 
The    forcein  »  one  hyper-kilogram ;  and 
The  eneigein  «  one  hyper-kilogrammetre. 

Inasmuch  as.  the  engineer,  if  he  uses  metric  weights,  determines  all  his  forces  in 
kilograms  and  measures  energy  in  kilogrammetres,  the  M.M.S.  system  is  the  most 
convenient  for  him.  He  has  only  to  increase  each  of  these  measures  hy  1*0  per 
cent,  to  have  his  determinations  expressed  in  hyper-kilograms  and  hyper-kilo- 
grammetres,  t.6.,  in  systematic  measures  adapted  to  any  dynamical  calculation  he 
may  have  occasion  to  make.  It  Ls  also  deserving  of  note  that  this  system  is  more 
conveniently  related  than  the  K.M.S.  system  to  the  C.G.S.  system,  in  whicli  our 
hest  tables  have  been  computed.  This  arises  from  the  circumstance  that  a/LM^ 
a  physical  quantity  which  is  constantly  turning  up  in  the  dimensional  equations  of 
electricity  and  magnetism,  is  in  the  M.M.S.  system  an  exact  decimal  multiple  o^ 
what  it  is  in  the  C.Q.S.  system.  The  relation  here  pointed  out  is  of  impoitance 
to  the  electrician. 

The  use  of  the  prefix  hyper-  has  the  additional  advantage  of  keeping  steadily 
before  the  mind  of  the  student  the  actual  amounts  of  the  measures  of  force  and 
energy  with  which  he  ia  dealing,  and  thus  helps  him  to  make  his  conceptions  cor- 
respond to  the  facts  of  nature.  The  amount  of  each  measure  is  not  brought  into 
view  by  such  names  as  dyne  and  erg  unless  supplemented  by  such  names  as  hyper- 
milligram  and  hyper-iifthet-grammetre,  and  is  apt  to  be  lost  sight  of  in  using  the 
G.G.S.  system. 

The  author  was  a  member  of  the  Committee  of  the  British  Association,  which  in 
1878  recommended  C.G.S.  measures  for  general  adoption  by  physicists.  He  put 
forward  in  competition  with  it  the  K.M.S.  system,  spoken  of  above,  and  also 
advocated  the  use  of  the  prefix  hyper-  to  be  employed  as  described  in  this  paper. 
It  is  correctly  recorded  in  Everett  s '  Units  and  Physical  Constanta  *  that  he  dis- 
sented from  the  choice  made  by  the  Committee,  but  the  reason  for  his  dissent  i« 
not  correctly  indicated.  His  main  objection  was  that  this  choice  needl^uUf  led  t** 
such  out  of  the  way  values  for  the  dyne  and  erg — needlessly,  because  other  choices 
might  have  been  made,  such  as  of  either  the  E.M.S.  or  the  M.M.S.  system, 
which,  while  equally  adapted  to  the  sciences  of  electricity  and  magnetism,  would 
have  been  free  from  this  great  inconvenience  in  dynamics.  He  regrets  to  hav<> 
observed  that  the  choice  that  was  then  made  has  retarded  the  use  of  systematic 
measures  by  practical  men  and  even  by  students,  and  hopes  that  this  may  in  some 
degree  be  remedied  by  the  suggestions  made  in  the  present  paper. 

Another  useful  suffix  is  -etf  meaning  decimal  submultiple.  As  applied  to 
numerals  it  ^ivea  us  such  suitable  names  as  sixthet,  tenthet,  seventeenthet  for  h 
unit  in  the  sixth,  tenth,  and  seventeenth  places  of  decimals,  which  are  otherwise 
expressed  as  10~*,  10"*^  10-".  A  convenient  symbolical  representation  is  VI^, 
ySf  XVII^ ,  the  symbol  ^  b**ing  very  eaoly  written  and  being  what  in  Sir  Isaac 
Pitman's  system  of  shorthand  spells  thet,  so  that  YI< ,  X^ ,  XVII<  are  to  be  read 
sixthet,  tenthet,  seventeenthet. 

The  suffix  -«t  may  also  bn  appended  to  the  names  of  measures,  e.g.^  metrets  are 
the  decimal  subdivisions  of  the  metre.  These  in  their  order  are  to  be  spoken  of  aa 
the  decimetre ;  the  centimeir** ;  the  millimetre;  the  IV^m,  the  fourthot-metre,  or 
fourth  metret;  the  VCm.  tifthet-metre,  or  fifth  metret;  and  so  on.  Thus  the 
micron  used  by  microscopists  may  be  described  either  as 
The  sixth  metret  or  as 
;  (O't*.  The  sixthet-metre,  ^  , 
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this  last  being  an  abbreviated  form  of  *  sixthet  of  a  metre/  just  as  balf-ounce  and 
quarter-inch  mean  the  same  as  half  of  an  ounce  and  auarter  of  an  inch.  Similarly 
the  measure  in  which  wave-lengths  of  light  are  UBually  measured  may  be  described 
indifierently  as 

The  tenth  metret  or  as 

The  tenthet-metre. 

Either  of  these  is  to  be  preferred  to  the  designation  tenth-metre,  which  the 
author  suggested  many  years  ago/  and  which  has  since  been  in  some  degree  used. 
Either  tenih-metret  or  tenthet-metre  is  correct,  but  the  author  himself  prefers  the 
latter  form. 

In  the  same  way  gramets  are  the  decimal  subdividons  of  the  gram.  As  an 
example  of  their  use,  it  is  possible  by  the  kinetic  theory  of  gases  to  arrive  at  an 
estimate  of  the  mass  of  a  single  chemical  atom  of  each  element.  That  of 
hydrogen  proves  to  be  about  the  XXV^g — the  twenty-fifth  gramet,  or  twenty- 
fifthet  of  a  gram,  i.e.,  the  twenty-firth  of  that  descending  decimal  series  of  which 
the  decigram,  the  centigram,  and  milligram  are  the  first  three  terms. 

For  multiples  it  is  convenient  to  introduce  the  syllable  -o- :  thus,  in  the  case 
of  numbers,  the  name  uno-eighteen  will  mean  10*^,  the  number  which  as  ordinarily 
written  would  be  1  with  eig^hteen  ciphers  after  it.  (This  is  about  the  number  of 
moleciiles  in  each  cubic  milHmetre  of  air  at  the  bottom  of  our  atmosphere.)  The 
above  number  may  be  symboUsed  by  XYIII,  and  so  on  in  other  cases.  Again, 
this  affix  may  be  appended  to  such  words  as  metre,  gram,  &c.  Thus  the  velocity 
of  light  in  vacuo  is  to  be  written  3mVIII/8ec.,  and  is  to  be  read  '  three  metro- 
eights  per  second.'  In  like  manner  a  tonne  weight  (the  metric  ton)  is  the  gramo- 
six,  ana  so  on.^ 

Other  useful  affixes  are  -«/  and  -an^.-  -e/  to  be  applied  to  British  measures  of 
length,  -ane  to  metric.    An  accordance  between  British  and  metric  measures 
of  length  may  be  brought  about  in  either  of  two   ways — either  by  slightly 
shortening  the  British  indi,  foot,  and  yard,  or  else  by  in  an  eaual  degree  lengthen- 
ing the  metre.    In  the  one  case  the  British  foot  is  shortened  down  to  be  exactly 
30  centimetres,  in  the  other  case  the  metre  is  lengthened  out  to  be  exactly  40  inches. 
The  syllable  -el  may  be  used  to  indicate  the  change  required  in  the  yard,  foot,  and 
inch.     Accordingly  the  words  inchel,  footel,  and  yardel  will  mean  the  inch,  foot, 
and  yard  sitortened  in  the  ratio  of  63^  :  62^,  or,  which  is  the  same  thing,  in  the 
ratio  of  101'6  to  100.    On  the  other  hand,  the  syllable  '•arte  may  be  used  to 
signify  an  equal  change  in  the  opposite  direction  of  metric  measures,  so  that  the 
metrane,  decunetrane,  centimetrane,  and  millimetrane  are  to  be  understood  as  the 
metric  measures  lengthened  in  the  same  ratio,  f.e.,  as  62^  :  03^.    With  this  con- 
vention as  to  the  meaning  of  the  affixes  we  may  write — 
one  inchel »  25  milHmetres, 
one  footel «  30  centimetres, 
one  yardel  «i  9  decimetres, 
"(1-A)ni©tre; 
and  agun — 

one  inch   «  25  millimetranes, 
one  foot    «■  SO  centimetranes 
one  yard    »  9  decimetranes, 
«  (1  -  ^)  metrane.' 

(Ught  in  vacuo  advances  almost  exactly  one  footel  in  each  ninthet  of  a  second 
of  time.) 

'  Phil  Moff.  for  August  1868,  p.  138. 

*  It  would,  no  doubt,  be  more  in  consonance  with  the  genius  of  the  English 
language  to  call  these  the  eighteenth  uno,  the  eighth  metro,  the  sixth  gramo,  and  so 
on;  but  this  consideration  seems  more  than  balanced  by  the  great  advantage 
possessei  by  the  names  as  given  in  the  text,  of  distinguishing  in  the  broadest 
possible  way  between  multiples  and  submultiples. 

'  The  n ambers  we  should  otherwise  have  to  use  are:  inch •25*4  mm.,  foot 
« 80*48  cm.,  yard- 9*144  dm. 
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The  u3e  of  these  equivalents  makes  it  easj  for  persons  who  are  accustomed  to 
the  British  yard,  foot,  and  inch  to  think  also  in  metric  measures.  They  also 
furnish  a  link  between  British  and  metric  measures  which  yields  a  ready  means 
of  effecting?  a  closely  approximate  conversion  of  either  into  the  other.  For 
example,  if  we  want  to  convert  27  yards  into  metres  we  write — 

27  yards  »  (1  —  ^)  x  27  metranes 

1  -  2-7 
B  24*3  metranes. 

The  correction  of  1  in  every  62*5  (which  is  the  same  as  '1  in  every  6^,  or  as 
*02  in  every  1^)  requires  the  addition  or  rather  less  than 

^-'4 
which  gives  247  metres 

as  the  approximate  equivalent.  The  accurate  value  differs  from  this  by  less 
than  half  an  inch,  and,  moreover,  by  continuing  the  process  two  steps  further  the 
accurate  value  may  always  be  got  out  The  cidculation  is  of  a  kina  whidi,  when 
one  is  accustomed  to  it,  can  be  made  in  the  head  rapidly  and  with  < 
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WEDNESDAT.  AUGUST  15. 

The  following  Papers  were  read: — 

On  the  DuplacemenU  of  the  EotaUanal  Axi$  of  the  Earth.  By  Professor 
W.  F6B8TBB. — This  Paper  was  ordered  by  the  General  Committee  to 
be  printed  in  exteneo.    See  Reports,  p.  476. 


2.  A  Leeture-room  Experiment  to  iUuetrate  Babine^a  Principle.  By  Pro- 
fessor A.  OoRNU,  ^.  JR.^.— This  Paper  was  ordered  by  the  General  Com- 
mittee to  be  printed  in  exteneo.    See  Reports,  p.  480. 


3.  A  New  Explcmation  of  the  Wave-movements  of  a  Stretched  String. 
By  Wm.  Barlow. 

Tlie  writer  begins  by  setting  out  the  commonly  reoeired  explanation  which 
attributes  to  the  string  when  disturbed  the  properties  of  a  cord  slipping  through  a 
bent  tube  at  a  velocity  such  as  to  make  the  pressure  on  the  tube  arising  from  the 
centrifugal  force  just  balance  the  pressure  caused  by  the  tension.^ 

He  then  argues  that  Uiis  course  involTes  the  fallacy  that  a  wave-movement  is 
supposed  to  t&e  place  spontaneously  in  the  disturbed  cord,  whereas  all  that  the 
argument  offered  proves  is  that  if  a  wave  is  iet  up  and  travels  at  a  certain  rate  in  a 
given  direction,  it  will  have  a  constant  form. 

He  further  shows  that  the  conditions  laid  down  do  not  suffice  to  determine  the 
direction  of  the  wave ;  that  the  direction  is  perfectly  arbitrary. 

He  then  suggests  another  explanation  of  the  wave-movements  in  question. 

This  is  based  on  the  observed  behaviour  of  a  highly  elastic  cord,  and  he  attri- 
buted the  wave-movement  to  the  successive  orientation  of  segments  of  the  stretched 
string  caused  by  a  difference  of  tension  due  to  inertia,  the  spot  at  which  the 
difference  makes  itself  felt  travelling  along  the  string,  now  in  one  direction,  now 
in  the  opposite,  as  the  string  swings  from  side  to  side  of  its  normal  position. 


5.  On  Lunar  Curves  of  Mean  Temperature  at  Greenwich^  and  the 
Heat  of  the  Moon.    By  J.  Pabk  Habbison.' 

The  great  heat  experienced  in  1893  led  the  author  to  tabulate  the  mean  tem- 
peratures of  the  day  at  Greenwich  for  that  year,  according  to  the  age  of  the  moon, 
to  see  how  far  a  curve  derived  from  them  corresponded  with  the  model  curve  for 
618  lunations,  which  was  exhibited  by  him  on  the  last  occasion  when  the  British 
AsBodation  visited  Oxford.  Whilst  closely  following  the  curve  alluded  to,  the 
maximum  temperature  showed  itself  two  days  earlier  in  the  lunation ;  but  the 
same  abrupt  fall  in  temperature  occurred  immediately  after  the  first  quarter,  and 
continued  below  the  average  of  the  year  from  that  period  until  the  second  day  after 
last  quarter^  The  difference  between  the  maximum  on  the  fourth  day  of  the  lunation 
and  the  minimum  on  the  day  of  full  moon  was  6^.  Fahr.  for  twelve  complete 
lunations. 

>  See  Art.  •  Wave,*  Eno.  Brit,  p.  416. 
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SBonoK  B.--CHEMIOAL  SCIENCE. 
Presideki  of  ih£  Ssction — ^Professor  Habold  B.  Dixoir,  M.A.;  F.R.S. 


THVRSBA  r,  A  VQXTSIS  9. 
The  President  delivezed  the  following  Address : — 

'An  Oxford  School  of  Chemists: 

It  has  heen  said,  and  no  doubt  with  truth,  that  few  Presidents  of  Sections  start 
writing  an  address  without  referrinf^  to  that  of  their  predecessor  who  held  office  on 
the  last  occasion  when  the  Association  met  in  the  same  city.  By  such  reference 
each  new  President  gains  the  advantage  of  many  points  of  perspective  and  con- 
trast ;  for  in  the  interval  a  generation  of  workers  has  passed  away,  and  the  last 
new  thing  of  the  old  meeting  is  the  ancient  instance  of  to-day.  In  the  present 
case  I  turned  to  the  Report,  of  1860  with  a  lively  hope  of  drawing  inspiration  from 
it ;  for  my  predecessor  at  the  last  Oxford  meeting  was  no  less  a  master  of  experiment 
and  expression  than  the  late  Professor  Brodie.  Judge  of  my  disappointment  when 
I  found  tliat  Brodie  had  written  no  address  at  all.  Whether  that  great  man, 
knowing  there  were  better  things  to  do  here  than  listen  to  addresses,  had  the 
courage  to  make  an  innovation  he  thought  desirable  in  itself,  or  whether,  as  others 
say,  he  was  but  obeying  the  etiquette  of  the  Oxford  professoriate,  the  fact  remains, 
the  assembled  chemists  went  away  unaddressed,  and  the  natural  spring  of  inqiinir 
tion  for  the  address  of  1894  is  found  dry  at  its  souree.  Of  course  you  wiU  say, 
'  Why  do  yon  not  follow  such  a  good  example  ? '  I  wish  I  had  the  courage.  As 
it  is,  1  can  but  urge  the  vacuum  of  1860  as  some  excuse  for  the  emptiness  of  the 
address  I  now  present — compelled  to  do  so  partly  by  the  force  of  fashion  and  the 
demands  of  the  assistant  general  secretary,  and  (shall  I  add  P)  partly  by  the  grati- 
fication of  holdmg  forth,  with  a  little  brief  authority,  in  my  old  academic  home, 
endeared  to  me  personally  by  so  many  happy  memories,  and  hallowed  in  the  minds 
of  chemists  by  the  traditions  of  such  great  achievements  in  the  science  we  pursue. 

I  say  trae&ttons  advisedly,  for  the  chemical  achievements  spoken  of  were  laigely 
foigotten,  or  put  on  one  side  as  Jesses  and  half-truths.  No  cnemist  here  wlU  need 
reminding  that  I  refer  to  the  fint  schooi  of  sdentifk  chemistry^  the  school  founded 
two  centuries  and  a  half  ago  by  Robert  Boyle  with  his  disciples  Hooke  and  B^yow 
— a  group  whom  I  will  venture  to  call '  the  Oxford  school  of  chemists.'  And  now 
that  chemists  are  met  together  once  more  in  Oxford  it  seemed  to  me  not  inappro- 
priate for  us  to  consider  what  this  school  of  chemists  aocomplishAd,  and  wherem  it 
failed,  what  led  to  the  sudden  growth  and  what  to  the  decline  of  chemical  investi- 
gation here,  and  what  lessons  for  modem  Oxford  maybe  read  in  the  Mstcwy  of  that 
rise  and  fall. 

The  intellectual  awakening  which  followed  the  re-discovery  of  the  ancient 
world  of  literature  gave  rise  to  the  scientific  interrogation  of  nature.  In  Italy 
first,  and  then  in  France,  England,  and  in  Germany,  the  diffusion  of  daasical 
learning  broke  down  the  ancient  barriers  of  restraint,  and  developed  a  spirit  of  free 
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inquiiy.  It  was  not  so  nraeh  that  ignorance  had  to  he  dispelled,  hut  that  the  right 
of  search  had  to  he  estahlished.  Here  and  there  during  the  Middle  Ages  some  man 
of  gBDius  had  arisen — Gleamed  heyond  all  his  contemporaries,  intrepid  in  the  pursuit 
of  truth— only  to  be  crushed  by  a  political  and  mental  despotism.  The  name  of 
Roger  Bacon  arises  at  once  in  our  thoughts,  who  from  his  Oxford  cell  sent  forth 
that  gnr^at  appeal  for  experimental  sdeuce  that  nearly  converted  a  Pope  of  Rome 
and  won  three  centuries  for  intellectual  freedom.  But  his  labour  bore  no  fruit. 
I  know  no  better  index  to  the  dominant  sentiment  of  the  time  than  the  following 
words  from  a  papal  rescript  reproving  the  members  of  an  Italian  university  for 
scientific  presumption:  'They  must  be  content  with  the  landmarks  of  science 
already  fixed  by  their  fathers,  and  have  due  fear  of  the  curse  pronounced  against 
him  who  removeth  his  neighbour's  landmark.'  Under  such  coiviitions  no  wonder 
philosophy  was  at  a  standstill.  '  The  same  knots  were  tied  and  untied :  the  same 
clouds  were  ibrmed  and  dissipated.'^  The  cramped  philosophy  of  the  Middle  Ages 
had  in  alchemy  a  fitting  colleague — ^with  its  mystidsm,  its  sordid  ideals,  its  trickery, 
and  its  arrogance.  The  revival  of  learning  was  thus  an  emancipation  of  the  mind, 
and  in  the  new  freedom  the  sciences  of  mechanics,  physics,  and  chemistry  arose. 
The  first  necessity  for  progress  was  enlightenment,  the  second  was  experiment :  in 
the  year  that  Francis  Bacon  died  Robert  Boyle  was  born. 

The  common  pursuit  of  experimental  inquiry  and  the  need  for  constant  criticism 
and  discussion  among  its  followers  led  to  the  foundation  of  scientific  societies. 
Such  societies,  which  have  greatly  influenced  the  progress  of  knowledge,  sprang  up 
in  Florence  and  Padua,  in  Paris  and  Oxford — ^wherever,  among  bodies  of  learned 
men,  some  were  found  in  sympathy  with  natural  philosophy.  Ajnong  these  associa- 
tions the  Philosophical  Society  of  Oxford  has  played  no  unimportant  part,  and, 
however  much  Oxford  may  have  undervalued  its  work,  for  one  thing  all  chemists 
are  grateful,  and  Oxford  herself  may  feel  proud — ^that  here,  under  her  influence, 
firat  grew  up  the  idea  that  chemistry  was  no  mere  drudge  of  medicine,  or  genii  of 
the  alchemist^  but  a  science  to  be  studied  purely  for  itself. 

The  origin  of  this  Oxford  Society  has  been  well  told  by  Dr.  Wallis,  one  of  its 
founders : — 

'  About  the  year  1045,  while  I  lived  in  London  (at  a  time  when,  by  our  civil 
'wem,  academic  studies  were  much  interrupted  at  both  Universities),  besides  the 
conversation  of  eminent  divines,  I  had  the  opportunity  of  being  acquainted  with 
divere  worthy  persons  inquisitive  into  natur&lphilosophy,  and  particularly  of  what 
hath  been  called  experimental  philosophy.  We  did  by  agreements  meet  weekly  in 
London  to  treat  and  discourse  of  such  affairs ;  of  which  number  were  Dr.  J^hn 
^'ilkins.  Dr.  Jonathan  Goddard,  Dr.  Eat,  Dr.  Merret,  Mr.  Samuel  Foster,  then 
Professor  of  Astronomy  in  Gresham  College,  and  Mr.  Theodore  Haak,  and  many 
othera. 

'  These  meetings  we  held  sometimes  at  Dr.  Goddard's  lodgings,  on  occasion  of 
his  keeping  an  operator  at  his  house  for  grinding  glasses  for  telescopes  and  micro- 
scopes ;  sometimes  at  a  convenient  place  in  Cheapside,  and  sometimes  at  Gresham 
College;  Our  business  was  (precluding  mattera  of  theoloory  and  State  affairs)  to 
discourse  and  consider  of  philosophical  inquiries.  .  .  .  About  the  year  1648,  some 
of  our  company  being  removed  to  Oxford  (first  Dr.  Wilkins,  then  t,  and  soon  after 
Dr.  Goddara),  our  company  divided.  Those  in  London  continued  to  meet  there 
as  before,  and  those  of  us  at  Oxford,  with  Dr.  Seth  Ward  (since  Bishop  of 
Salisbury),  Dr.  Ralph  Bathurst,  President  of  Trinity  College,  Dr  Petty,  Dr.  Willis 
(an  eminent  phymcian  in  Oxford),  and  divere  othere,  continued  such  meetings  in 
Oxford,  and  brought  those  studies  into  fashion  there,  meeting  first  at  Dr.  Petty*8 
lodgings  (in  an  apothecarie's  house^,  because  of  the  convenience  of  inspecting  drugs, 
and,  alter  his  removal,  at  the  lodgings  of  Dr.  Wilkins,  then  Warden  of  Wadham 
College,  and,  after  his  removal,  at  the  lodgings  of  the  Honourable  Mr.  Robert 
Boyle,  then  resident  for  divers  years  in  Oxford.' 

'Robert  Boyle,  the  youngest  child  of  the  great  Earl  of  Cork,  was  bom  at 
liismore  in  1626.    His  mother  died  when  he  was  a  child.    Always  delicate,  he 

«  Whewell,  Eitt.  qr  Tnd.  8ci. 
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WM  sent  at  twelve  yean  of  age  with  a  tutor  to  the  Oontinent ;  he  remained  abroad 
for  six  ^ears.  He  studied  chiefly  at  Geneva  and  at  Florence,  where  he  read  the 
works  of  Galileo.  Returning  to  England  in  1644,  he  busied  himself  with  chemistry 
at  StalbridgH,  a  manor  in  Dorsetshire  left  him  by  his  father.  On  his  yiaita  to 
Jioodon  he  became  one  of  the  members  of  the  'Invisible  College/  the  germ  of  the 
Itoyal  Society.  'Vulcan  has  so  bewitched  me/  he  writes  at  the  age  oi  twentj- 
throe, '  as  to  make  me  fancy  xny  laboratory  a  kind  of  elysium.' 

I^wn  to  Oxford  in  1654,  Boyle  Apent  here  the  most  active  years  of  hia  life  in 
experimental  research.  Of  Bo^rle^s  scientific  writings  much  has  been  said  in  extr»- 
vagant  praise  and  much  in  ridicule.  Boerhaave  wrote:  'To  him  we  owe  the 
secrets  of  fire,  air,  water,  animals,  vegetable^,  and  fossils.'  This  phrase  is  not 
more  grotesque  than  that  of  a  n*cent  writer,  who  ffays, '  Boyle's  name  is  identified 
with  no  c^reat  discovery.'  Dr.  Johnson  has  very  justly  remarked,  in  a  number  of 
the  'Rambler:'  '  It  is  well  known  how  much  of  our  philosophy  is  derived  from 
Boyle's  discoveries,  yet  very  few  have  read  the  details  of  his  experimenta.  Hia 
same  is  indeed  reverenced,  but  his  works  are  neglected.'  It  i8,  indeed, rather  hard 
to  read  through  one  of  Boyle's  papers,  even  in  the  abridged  form.  Though  dear, 
they  are  discursive.  The  writer  cannot  rid  himself  entirely  of  the  essences  and 
qualities  of  the  alchemists;  and  it  is  only  when  we  compare  these  records  with 
the  works  of  Yao  Helmont,  his  immediate  predecessor,  that  we  recognise  the 
enormous  advance  that  has  been  made  by  Boyle.  I  must  pass  over  his  physical 
work  on  the  elasticity  of  the  air.  It  must  suffice  to  say  that  he  established  bj 
most  cwreful  experiment  the  law  which  is  known  by  his  name— that  the  volume  of 
a  given  mass  of  air  varies  inversely  as  the  pressure  upon  it.  He  determined  the 
density  of  the  air,  and  pointed  out  that  bodies  altered  in  weight  according  to  the 
varying  buoyancy  of  the  atmosphere.  One  of  his  most  important  chemical  papers — 
certainly  the  one  most  frequently  cited — is  'The  Sceptical  Chemist,'  publisbed 
anonymously  in  1661.  I  will  attempt  the  briefest  account  of  it  The  opening. 
words  of  the  dialogue  strike  the  keynote  of  the  whole: — 

*  Notwithstanding  the  subtle  reasonings  of  the  Peripatetics  and  the  pretty 
experiments  of  the  Ohymists,  I  am  so  diffident  as  to  think  that,  if  neither  can 
produce  more  cogent  arguments  than  are  usually  given,  a  man  may  reasonably 
doubt  as  to  the  number  of  those  material  ingredients  of  mixed  bodies  which  some 
call  elements  and  others  principles.'  He  proceeds,  through  the  mouth  of  one  of 
the  supposed  disputanta,  to  attack  the  doctrine  of  the  three  elementa,  the  trim 
prima  of  the  alchemists— sulphur,  mercury,  and  salt.  '  There  are  some  bodies/  he 
•  says,  'from  which  it  has  not  yet  been  made  to  appear  that  any  degree  of  fire  can 
separate  either  salt,  or  sulphur,  or  mercury,  much  less  all  the  three.  Gold  is  the 
most  obvious  instance,  it  may  be  heated  for  months  in  a  furnace  without  losing 
weight  or  altering  in  character,  and  yet  one  of  its  supposed  constituents  is  volatile 
and  another  combustible.  Neither  can  water  or  solvents  separate  any  of  the  three 
principles  from  gold ;  the  metal  may  be  added  to,  and  so  brought  into  solution  and 
into  crystalline  compounds,  but  the  gold  particles  are  present  all  the  time ;  and 
the  metal  may  be  reduced  to  the  s^me  weight  of  yellow,  ponderous,  malleable 
substance  it  was  before  its  mixture.'  He  points  out  the  confusion  which  earlier 
chemists  had  made  between  calcination  in  the  open  air  and  distillation  in  retorta ; 
he  shows  that  in  compounds,  e.^.,  copper  nitrate,  the  particles  retain  their  natuve, 
although  disguised,  in  the  combination,  for  the  nitric  acid  may  be  separated  by 
heat,  the  copper  hy  precipitation.  But  the  sceptical  chemist,  though  pouring' 
ridicule  on  the  tria  prima^  could  not  but  admit  the  power  of  water  to  produce 
organic  substances.  He  quotes  Van  Helmont's  famous  experiment  of  growing  a. 
shoot  of  willow  in  baked  earth  moistened  with  distilled  water,  and  he  repeata  the 
experiment  in  various  forms.  Ignorant  of  the  existence  of  carbonic  acid  in  the 
air  (discovered  a  century  later  by  Black),  he  is  driven  to  conclude  that  the  plant 
M  fashioned  out  of  the  pure  water.  But  he  rejects  the  doctrine — aa  old  as  Thaks 
and  as  modern  as  Van  Helmont — that  water  is  the  foundation  of  all  thin^. 
M.  de  Rochas  had  published  a  remarkable  experiment  on  water.  By  artificial 
heat,  by  graduations  of  coagulations  and  congelations,  he  had  turned  it  into  earth 
which  produced  animals,  vegetables,  and  minerals.    The  minerals  began  to  grow 

Digitized  by  VjOOQIC 


TRANSACTIONS  OF  SECTION  B.  59/ 

and  increase,  and  were  composed  of  much  salt,  little  aulpbnr,  and  less  mercury ; 
the  animals  moved  and  ate,  and  were  composed  of  much  sulphur,  little  mercury, 
and  less  salt.  'I  have  some  suspicions/  says  Boyle,  'concerning  this  Strang 
relation;  though,  as  for  the  generation  of  living  creatures,  both  vegetable  and 
sensitive,  it  need  not  seem  incredible,  since  we  find  that  our  common  water,  which ' 
is  often  impregnated  with  a  variety  of  Feeds,  long  kept  in  a  quiet  place,  will 
putrefy,  and  then,  too,  produce  moss  and  little  worms  according  to  the  nature  of 
the  seeds  that  were  lurking  in  it.' 

I  will  give  two  short  quotations  from  the  '  Sceptical  Chemist,'  which  show  the 
author  at  his  best  and  his  worst.  In  the  first  he  is  discussing  the  nature  of 
chemical  combhiation  between  elementary  particles :  *  There  are  clusters  wherein 
the  particles  stick  not  so  close  together,  but  thej  may  meet  with  corpuscles  of 
another  denomination,  disposed  to  be  more  closely  united  with  some  of  tnem  than 
they  were  among  themselves ;  and  in  such  case  two  corpuscles  thus  combining, 
loMng  that  shape,  size,  or  motion  upon  whose  account  they  exhibited  such  a 
determinate  quality,  each  of  them  really  ceases  to  be  a  corpuscle  of  the  same  de- 
nomination as  it  was  before ;  and  from  the  coalition  of  these  there  may  result  a  new 
body,  as  really  one  as  either  of  the  corpuscles  before  they  were  confounded.  .  .  If 
you  dissolve  minium  in  good  spirit  of  vinegar  and  crystallise  the  solution,  you 
shall  not  only  have  a  saccharine  salt  exceedingly  different  from  both  ita  in- 
gredients, but  the  union  is  so  strict  that  the  spirit  of  vinegar  seems  to  be  destroyed 
...  for  there  is  no  sourness  at  all,  but  an  admirable  sweetness  to  be  tasted  in  the 
concretion.^  In  this  passage  we  can  distinctly  see  the  germ  of  the  modem  theory 
of  chemical  affinity  uniting  atoms  into  chemical  compounds.  In  the  second 
quotation  Boyle  is  arguing  that  fire  is  not  only  an  analyser  of  mixtures,  but 
compounds  the  ingredients  of  bodies  after  a  new  manner ;  mercury,  for  instance, 
may  be  turned  into  a  liquid,  from  which  the  mercury  cannot  be  reduced  again,  and 
consequently  is  more  than  a  '  disguise '  of  it.  <  Two  friends  of  mine,'  he  sayp, 
'  both  of  them  persons  of  unsuspected  credit,  have  solemnly  assured  me  that  after 
many  trials  they  made  to  reduce  mercury  into  water,  "they  once,  by  several 
cohobations,  reduced  a  pound  of  quicksilver  into  almost  a  pound  of  water,  and  this 
without  the  addition  of  any  substance,  but  only  by  urging  the  mercury  with  a  fire 
skilfully  managed.  Hence  it  appears  that  by  means  of  fire  we  may  obtain  from  a 
mixed  body  what  did  not  pre-exist  therein.'  Boyle  has  sometimes  been  charged 
with  credulity,  and  chemists  who  know  how  mercury  has  a  way  of  disappearing 
without  leavmg  even  its  weight  of  water  behind  will  smile  to  hear  that  the  persons 
of  unsuspected  credit  responsible  for  this  experiment  were  '  the  one  a  physician, 
the  other  a  distinguished  mathematician.' 

Boyle's  writings  contain  the  record  of  numerous  important  chemical  observations, 
e.g.,  the  synthesis  of  nitre,  and  the  preparation  of  nitric  acid  by  the  distillation  of  nitre 
with  oil  of  vitriol.  He  discovered  several  of  the  delicate  tests  we  still  use,  e.g.,  solution 
of  ammonia  as  a  test  for  copper,  silver  nitrate  as  a  test  for  chlorides,  gallic  acid  as 
a  test  for  iron.  But  I  wish  especially  to  refer  to  the  work  done  by  Boyle  on  the 
air  and  its  relation  to  combustion.  The  air,  according  to  him,  was  composed  of 
three  different  kinds  of  particles :  (1)  exhalations  from  water  and  animals ;  (3)  a 
very  subtle  emanation  from  the  earth's  magnetism,  which  produces  the  sensation  of 
light;  and  (8)  a  fluid  compressible  and  dilatable,  having  weight,  and  able  to  refract 
light.  It  is  this  third  portion  of  air  which  plays  an  active  part  in  many  chemical 
operations.  Like  Van  Helmont,  Boyle  recognised  differences  in  gases,  but  did  not 
distinguish  them  as  being  somethinfn*  different  in  kind  from  air.  He  prepared 
hydrogen  by  the  action  of  hydrochloric  and  sulphuric  acids  on  iron,  but  nis  chief 
concern  was  to  show  that  the  new  gas  was  compressible  and  was  dilatable  by 
beat ;  in  other  words,  that  it  was  really  edr.  Bis  observations  are  worth  quoting  'r 
they  contain,  I  believe,  the  first  undouhted  description  of  hydrogen,  and  the  first 
method  devised  for  collecting  and  examining  freshly  prepared  gases. 

'  Having  provided  a  saline  spirit . . .  exoe^ingly  sharp  and  piercing,  we  put  into  a 
viol  a  convenient  quantity  of  nlings  of  steel,  purposely  filed  nrom  a  piece  of  good* 
stael.  This  metalline  powder  being  moistened  with  the  menstruum  was  afterwards 
drenched  with  more,  wnereupon  the  mixture  grew  very  hot,  and  belched  up  copious 
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and  stinking  fumen.  .  .  .  'Wheooeiover  thia  utinking  smoak  proceeded,  ao  in- 
flammable was  it,  that  upon  tbe  approach  of  a  lighted  candle  it  would  leadilj 
enough  take  fire,  and  bum  with  a  blewish  and  somewhat  greenish  flame  at  the 
mouth  of  the  viol ;  and  that,  though  with  little  light,  yet  with  more  strength  than 
one  would  easily  suspect.'  ^ 

And  sgain:  '  We  took  a  clear  glass  vial,  capable  of  containing  three  oonees  of 
water,  with  a  long  cylindiical  neck ;  this  we  filled  with  oil  of  vitriol,  and  fair 
water,  of  each  a  like  quantity,  and  casting  in  six  small  iron  nails  we  stopped  tbe 
mouth  of  the  glass,  and  speedily  inverting  it,  we  put  the  neck  of  it  into  a  wide- 
mouthed  glass  with  more  of  the  same  liquor  in  it.  .  .  .  And  soon  after  we  per- 
ceived the  bubbles,  produced  by  the  action  of  the  menstruum  upon  the  metal, 
ascending  in  swarms ;  by  degrees  they  depr^sed  the  liquor  till,  at  length,  the 
Fubstance  contained  in  these  bubbles  possessed  the  whole  cavity  of  the  vial.  And 
for  three  or  four  days  and  nights  together  the  cavity  of  the  glass  was  posocascd  by 
the  air,  since  by  its  spring  it  was  able  for  so  long  a  time  to  hinder  the  liquor  frooi 
regaining  its  former  place.  Just  before  we  took  the  vial  out  of  the  other  glass, 
upon  the  application  of  the  warm  hand  to  the  convex  part  of  the  glass,  tbe  im- 
prisoned substance  readily  dilated  itself  like  air,  and  broke  through  the  liquor  in 
several  succeeding  bubbles.' 

The  importance  of  this  experiment  will  be  evident  when  we  consider  that  Van 
Helmont  had  declared  that  gases  could  be  made  artificially  in  many  ways,  but 
could  not  be  caught  and  held  in  vessels.^ 

Armed  with  the  air-pump  which  he  had  so  greatly  improved,  Boyle  in  1G6D 
beffan  many  experiments  on  combustion,  which  he  afterwards  published  under  the 
title  '  New  Experiments  touching  the  Relation  betwixt  Flame  and  Air.'  In  theee 
researches  he  uiows  that  sulphur  will  not  bum  when  the  air  is  removed.  The 
sulphur  was  lowered  on  to  a  hot  iron  plate  in  a  receiver  made  vacuous  by  the 
pump;  it  smoked,  but  did  not  ignite.  On  allowing  a  little  air  to  enter  'stivers 
little  flashes  could  be  seen : '  these  were  extinguished  on  sucking  out  the  air  again. 
A  candle  flame  and  a  hydrogen  flame  under  a  receiver  were  gradually  extingiushed 
when  the  air  was  pumpied  away.  On  the  oUier  hand,  on  dropping  gunpowder  oo 
to  a  hot  iron  plate  in  vacuo  there  appeared  '  a  broad  blue  flame  like  that  of  brim- 
stone, which  lasted  so  very  long  we  could  not  but  wonder  at  it ' ;  and  fulminating 
gold  detonated  tVi  vacuo  when  heated  by  a  burning  glass,  or  when  dropped  aa 
heated  iron.  Gunpowder  also  he  found  to  bum  under  water.  He  is  driven  to  the 
conclusion  '  that  flame  may  exist  without  air.'  But  it  may  be  supposed  that  ur 
is  mechanically  enclosed  in  the  crystals  of  nitre — '  in  its  very  formation  the 
corpiiscles  may  intercept  store  of  little  aereal  particles.  .  .  •  According  to  tbia 
surmise,  though  our  mixture  bums  under  water,  yet  it  does  not  bum  wiuiout  air, 
being  supplied  with  enough  to  serve  the  turn  by  the  numerous  emptions  of  the 
aereal  particles  of  the  dissipated  nitre.'  However,  he  '  removes  this  suspicion '  by 
obtaining  nitre  crystallised  in  vacuo.  He  then  suggests  the  pcwsibilitv  or  the  nitre 
supplying  '  vehemently  agitated  vapours '  which  are  no  true  air,  but  being  exceed- 
ing^ rarefied  by  the  fire  '  emulate  air.'  Boyle  never  grasped  the  true  function  of 
air  in  combustion.  From  his  later  experiments  on  the  calcination  of  metals  he 
drew  the  same  conclusion  that  we  find  in  the  '  Sceptical  Chemist,'  namely,  that 
igneous  particles  combine  with  other  corpuscles  to  form  new  bodies.  And  yet  he 
saw  there  was  a  real  connection  between  air  and  fire.  In  his  tract  on  Artificisl 
Fhosphori  Boyle  showed  that  a  piece  of  phosphorus  sealed  up  in  a  glass  vessel 
gradually  lost  its  light.  *  It  seems,'  he  wrote,  *  that  the  air  indudwl  with  the 
phosphorus  either  had  some  vital  substance  preyed  upon  thereby,  or  else  was  tamed 
Dy  tne  fumes  of  the  phosphorus  and  rendered  at  length  unfit  to  continue  the 
particular  flame  of  our  noctiluca.' 

The  genius  of  Robert  Hooke  was  in  sharp  contrast  with  that  of  Boyle. 

»  « On  the  Difficulty  of  preserving  Flame  without  Air,'  1672. 

*  'Qas,  vasis  Incoeroibile,  foraa  in  aerem  prommpit.' — Ortui  Medieinm.  Tbe 
epithet  'sylvestre'  was  applied  by  Van  Helmont  to  all  artificially  prepared  gases. 
He  meant  by  it  *untameable'  and  <  non-condensible '— '  quod  in  corpus  oogi  non 
potest  visibile.' 
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Quick,  restlesB,  imaginatiTey  he  Bprang  from  diseoveTj  to  ittsoovery.  With  extra- 
ordinary acutenefls  and  powers  of  invention,  he  lacked  the  steady  porpoee  of 
fiojle,  the  calm  judgment  and  comnleteness  of  Newton — hie  two  great  scientific 
contemporaries.  It  might  he  saia  of  Hooke,  as  was  said  of  a  great  poet,  he 
touched  nothing  he  did  not  strike  fire  from ;  and  some  would  add  that  his  touch 
had  the  same  effect  on  persons  as  on  things.  We  can  hardly  name  a  discovery 
of  this  age  which  Hooke  had  not  in  part  anticipated  and  claimed  as  his  own. 
like  a  prospector  in  a  newly  discoverea  mining  aistrict,  he  hurried  from  spot  to 
spot,  pegoring  in  Ins  claims  and  promising  to  r«tum  to  work  out  the  ore.  And 
what  rich  lodes  he  struck  I  The  parti^ar  cdaim  we  are  concerned  with  here  is 
the  discovery  of  the  relation  hetween  air  and  flame.  In  1606  Hooke  published 
in  the  'Micrographia'  a  description  of  flame  and  the  phenomena  of  combustion 
which  in  my  judgment  has  never  been  surpassed.  How  far  he  was  indebted  to 
Boyle  will  appear  directly. 

Bom  in  1635,  Hooke  spent  five  years  at  Westminster  School,  then  under 
Dr.  Busby,  and  proceeded  to  Christ  Church  in  1663.  At  school  and  college  it  is 
related  of  him  that  he  devoted  his  time  to  designing  flying  machines.  These 
mechanical  inventions  attracted  the  notice  of  Dr.  Wilkins,  Warden  of  Wadham, 
and  a  leading  member  of  the  Philosophical  Society.  This  led  to  his  introduction 
to  Dr.  Willu,  to  whom  he  became  assistant  in  chemistry  and  natural  philosophy. 
Willis  recommended  him  to  Boyle,  whose  assistant  he  became.  His  first  work  m 
Boyle's  laboratory  was  the  construction  of  the  improved  air-pump.  In  1662 
Bo}rle  obtained  for  him  the  position  of  curator  of  eneriments  in  the  London 
Society,  soon  to  be  known  as  the  Royal  Society.  Hooke  was  thus  Boyle*s 
assistant  when  those  experiments  on  combustion  I  ha?e  described  were  being 
carried  on.  Among  other  experiments  made  by  Boyle  were  some  on  the  dis- 
tillation of  wood  in  retorts. 

'Having  sometimes  distilled  such  woods  as  box,  whilst  oar  caput  mortuum 
[t.0.,  the  residue]  remained  in  the  retort  it  continued  black  like  charcoal,  though 
the  retort  were  kept  red  hot  in  a  vehement  fire;  but  as  soon  as  ever  it  was 
brought  oat  of  that  vessel  into  the  open  air  the  burning  coals  would  degenerate 
or  fall  asunder  into  pare  white  ashes.'  ^  Hooke  saw  the  experiment  and  a  new 
light  flashed  on  him.  'From  the  experiment  of  charring  coals,'  he  writes, 
'(whereby  we  see  that,  notwithstanding  the  great  heat,  the  solid  parts  of  the 
wood  remain,  whilst  they  are  preserved  from  the  free  access  of  the  air,  undissi- 
pated)  we  may  learn  that  which  has  not  been  published  or  hinted,  nay,  not  so 
much  as  thought  of  by  any ;  and  that  in  short  is  this: — 

'  That  the  air  is  the  universal  dissolvent  of  all  sulphurous  [t'.^^,  combustible] 
bodies.  .  ..  . 

'That  this  action  of  dissolution  produces  a  very  great  heat,  and  that  which  we 
call  fire. 

'  That  this  action  is  performed  with  so  great  a  violence,  and  does  so  rapidly 
agitate  the  smallest  parts  of  the  combustible  matter,  that  it  produces  in  the 
diaphanous  medium  of  the  air  the  action,  or  pulse  ot  Light. 

'  That  this  dissolution  is  made  by  a  substance  inherent  and  mixed  with  the 
air,  that  is  like,  if  not  the  very  same  with,  that  which  is  mixed  in  saltpetre. 

'  That  the  dissolving  parts  of  the  air  are  but  few  .  .  .  whereas  saltpetre  is  a 
menstruum  .  •  .  that  abounds  more  with  these  dissolvent  partidee. 

'  It  seems  reasonable  to  think  that  there  is  no  such  thing  as  an  element  of 
fire,  .  .  .  but  that  that  shining  transient  body  which  we  call  fiame  is  nothing 
else  but  a  mixtare  of  air  and  volatile  parts  of  combustible  bodies,  which  are 
acting  upon  one  another  whilst  they  ascend;  which  action  .  .  .  does  further 
rarifie  those  parts  that  are  acting  or  are  very  near  them,  whereby  they,  growing 
very  much  lighter  than  the  heavy  parts  of  that  menttruium  that  are  more  remote, 
are  thereby  protruded  and  driven  upwards.' 

Hooke  quotes  no  other  experiments  in  support  of  his  theory  of  flame.  He 
states  that  he  has  made  many ;  he  has,  however,  only  time  '  to  hint  an  hypo- 

*  The  Sceptical  ChemUt, 
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thesis/  which  if  he  is  permitted  opportunity  he  will  'prosecute,  improve,* and 
publish.'  Some  years  later  he  returned  to  the  subject  of  flame  in  his  tract  called 
* Lampas/ published  in  1677.  'The  flame,  as  I  formerly  proved,  being  nothing 
but  the  parts  of  the  oyl  rarified  and  raised  by  heat  into  the  form  of  a  vapoar  or 
smoak,  the  free  air  that  enoompasseth  this  vapour  keepetb  it  into  a  cylindrical 
form,  and  by  its  dissolving  property  prevetb  upon  thoee  parts  of  it  that  are 
outwards,  .  .  .  producing  the  light  which  we  onserve;  but  those  parts  which 
rise  from  the  wick  which  are  in  the  middle  are  not  turned  to  shining  fiaoie  till 
they  rise  towards  the  top  of  the  cone,  where  the  free  air  can  reach  and  ao  dittolve 
them.  With  the  help  of  a  piece  of  glass  anyone  will  plainly  perceive  that  all  the 
middle  of  the  cone  of  flame  neither  shines  nor  burns,  but  only  the  outward  super- 
ficies thereof  that  is  contiguous  to  the  free  and  unsatiated  air.' 

What  is  practically  the  same  theory  of  flame  was  worked  out  experimentally 
by  John  Mayow,  Fellow  of  All  Souls  :  this  was  published  a  few  years  after  the 
'  Micrographia.' 

But  Mayow  went  further,  and  distinctly  showed  the  dual  nature  of  the  air. 
One  constituent  of  air,  the  nitre  air,  is  concerned  in  rwpiration  and  combustion ; 
the  other  will  neither  support  flame  nor  animal  life.  The  ideas,  the  names,  pro- 
posed by  Hooke  and  Mayow  are  so  exactly  similar  that  it  is  impossible  to 
imagine  that  the  work  was  done  independently.  The  two  were  worjdng  at  the 
same  time  at  Oxford,  and  Mayow,  having  been  an  undergraduate  at  Wadham 
imder  Dr.  Wilkins,  became  the  pupil  of  Willis.  Yet  Mayow  nowhere  mentions 
Hooke's  name.  A  writer  in  the  '  Dictionary  of  National  Biography '  ^  has  shrewdly 
observed  that  Hooke  has  brought  no  charge  of  plagiarism  against  Mayow,  and 
even  proposed  him  for  the  Royal  Society  four  years  after  the  publication  of  the 
'Five  Tracts.'  Knowing  what  we  do  of  Hooke*s  jealousy,  it  seems  exceedingly 
unlikely  that  Mayow  was  merely  working  out  Hooke's  ideas.  It  seems  to  me 
probable  that  Hooke  and  Mayow  worked  together  under  Boyle  between  1660  and 
1662 ;  that  in  Boyle's  laboratory  thev  saw  and  assisted  in  the  experiments  whi^ 
led  them  jointly  to  their  theory ;  that  Hooke,  busy  with  other  work  in  London, 

Sublisbed  the  hypothesis  in  1665  without  further  verification ;  and  that  Mayow  in 
xford  systematically  worked  through  the  experiments  on  which  he  based  his 
conclusions. 

Let  me  briefly  show  what  the  experiments  were  on  which  Mayow  relied. 
Combustible  bodies  will  not  bum  in  the  vacuous  receiver  of  Boyle's  air-pump ; 
they  will  bum  in  vacuo  or  under  water  when  mixed  with  nitre.  There  is,  there- 
fore, something  common  to  air  and  to  nitre  which  causes  combustion.  The  fiery 
particles  in  air  and  in  nitre  both  form  oil  of  vitriol  by  their  union  with  sulphur :  they 
both  form  iron  vitriol  by  their  union  with  pyrites.  Rust  of  iron  is  produced  both 
by  the  air  and  by  add  of  nitre ;  the  acids  or  sugar  and  honey  are  formed,  and  wine 
is  soured,  in  the  same  way.  The  nitre-air  (spiritus  nitro-aereus),  the  supporter 
of  combustion  and  the  acid  producer,  is  therefore  the  same  chemical  substance 
whether  it  exist  in  the  gaseous  form  in  air  or  is  condensed  in  saltpetre. 

Mayow  heated  a  weighed  quantity  of  antimony  by  means  of  a  burning  glass, 
and  found  it  increased  in  weight  during  the  calcination ; '  the  calcined  antimony, 
he  adds,  has  the  same  properties  as  the  body  prepared  by  heating  antimony  with 
nitric  acid ;  it  is  impossible  to  conceive,  he  says,  whence  the  increase  in  weight 
arises  except  by  the  fixation  of  the  particles  of  nitre<air  during  the  heating. 

The  nitre-air  does  not  make  up  the  whole  of  the  air,  but  only  its  more  active 
and  subtle  part,  for  a  candle  under  a  glass  will  cease  to  bum  while  there  is  still 
plenty  of  air  left.  The  experiment  by  which  Mayow  shows  this  is  so  important 
that  I  will  Quote  his  words : — 

'  Ijet  a  lighted  candle  be  so  placed  in  water  that  the  burning  wick  shall  rise 
about  six  fingers'  breadth  above  the  water ;  then  let  a  glass  vessel  of  sufficient 
height  be  inverted  over  the  candle.  Care  must  be  taken  that  the  surface  of  the 
water  within  the  glass  shall  be  equal  in  height  to  that  without,  which  may  be 

>  Mr.  P.  J.  Hartog. 

*  This  experiment  seems  to  have  been  first  described  by  Foppins,  BaHliea 
Antifnonii,  1625. 
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done  by  including  one  leff  of  a  bent  syphon  within  the  vessel  while  the  other  opens 
outside.  The  object  of  the  syphon  is  that  the  air,  enclosed  by  the  vessel  and  com- 
pressed by  its  immersion  into  the  water,  may  escape  tbrouffh  the  hollow  syphon. 
When  the  air  ceases  to  issue,  the  syphon  is  immediately  withdrawn,  so  that  no  air 
can  afterwards  get  into  the  frlass.  In  a  short  time  you  will  see  the  water  gradually 
rising  into  the  vessel  while  the  candle  still  bums.' 

In  other  experiments  he  burnt  camphor  and  sulphur  supported  on  a  shelf  in  the 
inverted  vessel.  The  water  rose,  he  says,  because,  owing  to  the  disappearance  of 
the  fire-air,  the  air  left  could  not  resist  the  pressure  of  the  atmosphere  outside. 
When  the  combustibles  were  extinguished  it  was  impossible  to  kinale  them  again 
by  means  of  the  sun's  rays  concentrated  on  them  by  a  burning  glass.  The  residual 
air  was  no  more  able  to  support  combustion  than  the  vacuum  of  Boyle's  engine. 
Again,  the  respiration  of  animals  in  the  closed  space  was  shown  to  diminish  the 
air^  and  to  render  it  incapable  of  supporting  combustion;  the  fire-air  was  as 
necessary  for  life  as  for  name.  The  larger  portion  of  the  air  was  something 
entirely  difierent  from  fire-air,  and  incapable  of  supporting  life  or  combustion.  1 
believe  this  to  be  tiie  first  definite  statement  founded  on  experiment  that  the  air  is 
composed  of  two  distinct  gases. 

I  have  given  the  fundamental  facts  in  chemistry  we  owe  to  Mayow ;  the  limite 
of  his  work  are  sufficiently  obvious.  He  detected  the  existence  of  what  we  call 
oxygen  gas  in  the  air,  and  demonstrated  some  of  its  most  remarkable  pronerties. 
He  did  not  isolate  the  gas,  or  show  what  became  of  it  in  combustion  ;  ne  did  not 
always  distinguish  between  the  gas  itself  and  the  heat  produced  by  its  action.  But 
the  advance  he  made  was  extraordinary — ^not  so  much  in  the  conclusions  he  drew 
as  in  the  experiments  and  arguments  he  founded  them  on.  Compare  him  for  a 
moment  witn  another  writer  who  had  previously  expressed  similar  views  concerning 
the  calcination  of  metals.  Jean  Bey,  of  Perigourd,  a  witty  and  shrewd  physician, 
published  in  1690  a  series  of  essays  attributing  the  increase  in  weight  of  metals  on 
calcination  to  the  Nation  of  the  air.  '  When  asked/  he  writes,  *  why  tin  and  lead 
increase  in  weight  on  calcination,  I  reply  and  gloriously  maintain  that  this  increase 
eomes  from  the  air  which  is  thickened  and  m^e  heavy  and  adhesive  by  the  long 
continued  heat  of  the  furnace.  This  air  mingles  with  the  calx  and  attaches  itself 
to  the  smallest  particles.'  The  reply  is  good,  out  the  reasons  that  gloriously  main- 
tain it  are  not  alto^ther  conclusive.  I  can  only  ffive  two  of  them :  (1)  The  air 
luu  weight, — This  is  shown  by  the  increase  in  velocity  of  heavy  bodies  falling  to 
Ihe  earth,  because  as  the  body  approaches  the  earth  it  subtends  a  wider  angle  from 
^e  centre  of  the  earth,  and  receives  more  shocks  from  the  particles  of  air.  Again, 
allJiough  the  air  appears  to  wei^h  nothing  on  the  balance,  this  is  because  we  weigh 
it  in  air ;  it  loses  its  weight,  just  as  water  weijghs  nothing  in  water.  Fire  has 
weight  too,  and  should  we  ever  find  ourselves  in  a  region  where  fire  is  the  pre- 
dominant element,  we  shall  be  able  to  prove  the  statement  in  the  same  way. 
(2)  Fire  can  thicken  and  make  air  Adat;^.— -Stand  a  cannon  upright  and  put  a  red- 
hot  ball  into  it.  You  must  admit  that  the  air  in  the  gun  is  so  small  in  quantity 
that  it  will  be  heated  to  the  same  temperature  as  the  ball.  Nevertheless  you  can 
hold  your  hand  in  the  mouth  of  the  gun  at  first,  but  in  a  short  time  you  cannot 
do  so.  Not  that  the  air  has  got  hotter,  it  is  cooling  all  the  time ;  it  is  because  the 
air  IB  thickened.  Now  if  you  drop  a  fleece  of  wool  into  the  mouth,  it  will  not 
descend,  and  if  you  push  it  in,  it  will  come  up  again,  proving  the  air  is  heavier. 
Lastly  the  air  is  seen  to  tremble  over  the  mouth  of  the  gun,  and  objects  seen 
through  it  are  bluired.  This  Lb  due  to  the  thickening,  it  cannot  be  due  to  a  motion 
of  the  air ;  '  for  I  see/  he  says, '  a  lady*s  beauty  quite  distinctly  through  the  air  she 
flutters  with  her  fan/ 

From  what  has  been  sUted  it  will  be  clear  that  the  Oxford  School  of  Chemistnr 
was  a  school  of  research.  Boyle  ^ve  no  instruction  in  the  ordinary  sense ;  and, 
indeed,  had  no  official  connection  with  the  University.  But  that  he  thought  instruc- 
tion in  chemistry  should  be  given  in  the  University  is  obvious  from  the  fact  that 
he  brought  over  a  chemist  mm  Strasburg,  and  set  him  up  as  a  lecturer  with  rooms 
next  his  own  and  the  use  of  his  laboratory.  Of  these  lectures  we  find  a  quaint 
account  in  Anthony  Wood's  diary :—  r  -  i 
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*An.Dom.  16ea 

'Began  a  course  of  ehemiatry  under  the  noted  chemist  and  rosicmciany 
Peter  Sthael,  of  Strasbuigh^  brought  to  Ozon.  by  the  hon.  JS^.  Rob.  Boyle, 
an.  1659.  He  took  to  him  scholars  in  the  house  of  John  Cross  next  on  the 
w.  side  to  University  GoUe.  The  club  consisted  of  10  at  least,  whereof  FraociB 
Turner  of  New  ColL  was  one,  Ben  Woodroff  of  Gh.  Gh.  another,  and  John  Lock 
of  the  same  house,  afterwards  a  noted  writer.  This  John  Lock  was  a  man  of 
turbulent  spirit,  clamorous  and  never  contented.  The  club  wrote  and  took  notes 
from  the  mouth  of  their  master,  who  sat  at  the  upper  end  of  the  table,  but  the 
said  J.  Lock  scorned  to  do  it ;  so  that  while  every  man  besides  were  writing,  he 
would  be  prating  and  troublesome.  After  the  beginning  of  the  year  1663 
Mr.  Sthael  removed  his  elaboratoxy  to  a  draper's  house,  called  John  Bowell,  after- 
wards mayor  of  the  city,  situate  in  the  parish  of  All  Saints.  He  built  his 
elaborately  in  an  old  hall  in  the  back,  for  the  house  itself  had  been  an  ancient 
hoetle ;  therein  A.  W.  and  his  fellows  were  instructed.  The  chemical  dub  con- 
cluded, A.  W.  paid  Mr.  Sthael  dO  shill :  having  paid  SO  shill :  beforehand.  A.  W. 
got  some  knowledge  and  experience,  but  his  miiKL  still  hung  after  antiquities  and 
musick.' 

In  spite  of  Boyle's  private  position,  his  blameless  life,  his  devoutoess,  and  his 
charity,  his  work  aroused  bitter  animosity  in  Oxford.  He  was  attacked  in  the 
University  pulpit,  in  public  orations,  in  private  squibs ;  his  theories  were  described 
as  destructive  of  religion,  his  experiments  as  undermining  the  University.  But 
what  chiefly  drew  the  indignation  of  his  opponents  was  tmit  lue,  a  gentleman  by 
birth  and  fortune,  should  concern  himself  with  low  mechanical  arts.  Aninst 
these  attacks  Boyle  replied  with  irresistible  logic.  His  vindication  of  the  nobility 
of  scientific  work  constitutes  one  of  his  greatest  claims  on  our  gratitude. 

Boyle  left  Oxford  in  1668.  Mayow  died  in  1679.  In  1688  Anthony  Wood 
informs  us  that '  the  Oxford  elaboratory  was  quite  finished ; '  but  the  impulse  given 
to  the  study  of  Ghemistry  in  Oxford'  gradually  died  out.  I  do  not  know  the 
history  of  the  Ghair  of  Ghemistry  in  Oxford  (if  there  was  one)  in  the  eighteenth 
century.  Bichard  Frewin,  of  Ghrist  Ghnrdi,  is  described  as  Professor  of  Ghemistry  in 
1708.  He  does  not  seem  to  have  taken  himself  too  seriously  in  this  capacity. 
UfFenbach,  who  visited  Oxford  in  1710,  sa^^s  he  found  the  stoves  in  &ir  condition^ 
but  everything  else  in  the  laboratory  in  dirt  and  disorder.  Frowin  himself  was 
elected  Uamden  Professor  of  Ancient  History  in  1727.  He  seems  to  have  thrown 
himself  into  his  new  work  with  greater  ardour ;  for  Heame  relates  that,  on  his 
election,  he  at  once  bought  one  hundred  pounds'  worth  of  books  in  chronology  and 
history  to  fit  himself  for  his  duties.  For  a  companion  picture  to  this  we  may 
glance  at  the  appointment  in  1764  of  Richard  Watson  (afterwards  Bishop  at 
Llandaff)  to  the  Ghair  of  Ghemistry  at  Gambridge,  which  had  been  founded  in 
1702.  Dr.  Watson,  we  are  told,  Imew  nothing  at  aU  of  chemistry ;  had  never 
read  a  syllable  nor  seen  a  single  experiment  on  the  subject.  On  his  election  he 
sent  to  Paris  for  an  'operator,'  and  set  to  work  in  his  laboratory.  In  fourteen 
months  he  began  to  lecture  to  a  large  andience. 

But  Watson  at  Gambridge  was  succeeded  by  WoUaston.  We  had  to  wait  till 
Brodie  for  a  successor  to  Boyle. 

II. 

We  have  seen  what  a  vigorous  effort  Ghemistry  made  to  plant  itself  in  Oxford 
in  the  seventeenth  century.  If  the  soil  had  been  prepared  the  roots  must  have 
struck  deep.  Bat  the  University  paid  little  heed,  and  after  a  few  years  of  prodigal 
grovrth  the  plant  withered  and  died  out.  It  would  seem  that  the  poritions  are 
reversed  at  the  present  day.  The  University  spends  large  sums  for  supervision 
and  appUsnces ;  the  young  plants  are  brought  here  and  nurtured  at  great  expense, 
but  the  fair  blossoms  produce  little  fruit.  Even  our  best  fiiends  admit  that  the 
results  are  somewhat  disappointing.  If  these  are  the  ^Gicts — and  I  speak  as  one 
who  shares  the  responsibility  for  the  present  condition  of  chemistry  here — it  is  the 
duty  of  those  concerned  to  speak  out ;  and  I  can  conceive  no  more  fitting  oppor* 
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tunity  than  the  present  for  |K]uituig  out  some  of  the  causes  that  appear  to  hinder 
oar  growth.  Let  no  one  think  I  wish  to  disparage  the  University.  I  should  b» 
the  last  person  to  do  so.  I  owe  to  my  old  colle^  the  oj^rtunit^,  the  help,  and 
the  example  which  made  me  a  chemist,  and  gave  me  an  interest  m  life.  I  only 
wish  to  see  more  general  the  advantages  it  was  my  luck  to  meet  with  in  Christ 
Church. 

Chemistry  in  modem  Oxford  is  accorded  a  place  side  by  ode  with  older  studies. 
No  one  can  complain  that  scholarships  are  not  offered  broadcast,  that  money  has 
not  been  freely  given  for  laboratories ;  and  yet  I  think  the  student  does  not  feel 
around  him  the  atmosphere  in  which  an  experimental  science  should  be  cultivated. 
We  see  Chemistry  endowed  and  extended,  we  do  not  see  it  resnected  by  the  bulk 
of  students  and  of  learned  men.  In  my  undergraduate  days  a  rnyme  was  current 
here  (I  think  it  was  coined  in  Cambridge— the  Parnassus  of  parodies)  expressing 
views  which  were  imdoubtedly  held  concerning  the  claims  of  chemistry  as  a  sub- 
ject for  a  degree.  One  verse  ran — it  vras  mm  the  Lamentation  of  a  would-b» 
Bachelor — 

*  I  thought  to  pass  some  time  before,  but  here,  alas,  I  am. 
Having  managed  to  be  plucked  in  every  classical  exam. 
I  cannot  get  up  Plato,  so  my  reverend  tutor  thinks 
I  had  better  take  up  Chemistry,  which  is  commonly  called  "  Stinks.** ' 

I  do  not  quarrel  with  the  versifier  (except  as  a  poet),  I  do  not  even  ouarrel 
with  the  reverend  tutor,  whose  opinion  of  us  is  obviously  small,  because  I  ao  not 
think  myself  that  Chemistry  as  it  is  taught  is  a  very  good  subject  for  a  degree. 
Still  less  is  it  a  subject  which  we  should  allow  to  monopolise  the  schoolboy's  time. 
While  holding  strongly  that  the  elements  of  Physics  ana  Chemistrv  form  a  neces- 
sary part  of  a  liberal  education,  I  believe  we  have  made  two  mistakes  with  regard 
to  the  teaching  of  sdence.  We  have  by  our  science  scholarships  encouraged  too 
early  specialisation  at  school ;  we  have  overburdened  our  undergraduates  here 
with  a  multitude  of  facts  they  cannot  retain.  A  boy  specialises  for  two  years  at 
school ;  he  learns  a  prodigious  array  of  facts  from  the  latest  text-book,  and  also 
acquires  some  skill  in  the  art  of  quickly  reproducing  what  he  has  learnt.  He  wina 
a  science  scholarship.  We  then  tell  him  he  must  go  back  to,  or  begin,  the  study 
of  the  classical  lamguages  we  look  on  as  essential  for  our  degrees.  By  a  certain 
time  he  must  reach  a  certain  (rather  low)  standard,  or  his  scholarship  lapses.  He 
learns  that  it  is  advisable  to  get  assistance  from  those  who  have  made  a  special 
study  of  preparing  candidates  for  pass  examinations.  He  crams ;  or  he  goes  to  » 
crammer  and  is  crammed.  Let  us  suppose,  as  is  usually  the  case,  that  the  obstacle 
is  Greek.  I  will  not  deny  that  the  standard  of  Greek  demanded  may  imply  some 
important  discipline  at  school,  and  some  real  culture  of  the  mind,  provided  the 
instruction  given  is  on  wholesome  lines  and  forms  part  of  a  liberal  course*  Got 
up  in  a  hurry  as  it  too  often  is,  solely  with  the  object  of  passing,  it  means  time 
and  effort  wasted  and  worse  than  wasted.  It  is  of  no  value  in  itself,  for  it  ia 
forgotten  in  less  time  than  it  took  to  acquire ;  and  it  gives  the  student  the  first 
pernicious  taste  of  that  superficiality  and  falsa  knowleoge  it  should  be  our  special 
aim  to  remove.  Is  it  not  desirable  that  scholarships  should  be  the  reward  ot  pro- 
gress and  ability  in  the  general  subjects  of  school  education  among  which  the 
elements  of  science  should  have  a  place  P  The  brightest  and  most  i^ersevering  boys 
would  come  to  the  University,  and  there  make  choice  of  the  special  course  they 
wished  to  pursue. 

My  second  complaint  is  that  we  teach  too  many  facts.  They  are  not  aD 
important.  After  three  or  four  years*  steady  accumulation  our  men  go  into  the 
schools  walking  dictionaries  of  cnemistry.  Parents  not  unnaturally  think  that 
their  sons,  after  four  jears  of  college  training,  should  be  fit  to  take  responsible 
places  wherever  chemists  are  in  demand.  But  -manufacturers,  as  a  rule,  do  not 
care  for  University  graduates.  I  cannot  blame  them.  We  cannot  guarantee  that 
the  men  we  send  out  with  honours  in  Chemistry  can  attack  a  new  problem,  can 
work  out  new  processes,  can  prepare  new  dyes.  German  manuftustiurers,  on  the 
other  hand,  prefer  a  University  graduate,  for  they  have  in  their  degree  a  guarantee 
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that  the  student  has  successfully  attacked  some  unknown  prohlem,  and  added  to 
the  store  of  knowledge. 

The  influence  of  science  on  the  nation^s  industry  has  heen  recognised  and 
insisted  on  by  those  who  can  make  their  voices  heard.  The  country  has  at  length 
awakened  to  the  fact  that  something  is  wanting,  and  cries  out  for  Technical 
Instruction.  It  is  not  afraid  of  spending  money :  indeed,  many  well-meaning 
bodies  are  spending — and  in  some  cases,  I  fear,  wasting — ^money  with  a  prodigal 
hand.  And  whst,  after  all,  is  the  great  need  P  Speaking  for  the  subject  X  know 
best,  I  say  unhesitatingly  that  we  want  scientific  chemists  who  can  and  will  make 
discoveries ;  we  want  men  trained,  not  only  in  what  hHS  been  done,  but  taught  how 
to  set  about  winning  new  knowledge.  The  Universities,  I  urg;e,  should  teach  the 
art  of  research.  This  is  what  is  wanted,  and  this,  as  all  experience  shows,  is  what 
the  Universities  can  do  better  than  anyone  else.  And  no  exorbitant  amount  of 
time  need  be  demanded  for  this  purpose.  If  the  student  has  learnt  the  elements  of 
science  at  school,  three  years  at  most  should  suffice  for  the  prdiminary  degree 
course.  The  graduate,  armed  with  the  necessary  manipulative  skill,  would  then  start 
research  work  under  proper  guidance  as  the  second  and  more  valuable  portion  of 
his  Universitv  training.  And  here  tiie  new  research  degree  (by  whatever  name  it 
may  be  called)  may  give  us  most  valuable  help.  I  hope  that  serious  work  vrill  be 
demanded  for  it,  and  that  the  research  course  will  become  the  recognised  avenue  to 
science  fellowships  and  lectureships  in  the  University.  Two  years  would  show  what 
the  man  had  in  him.  In  that  time  either  he  would  nave  proved  himself  no  chemist, 
or  he  would  have  made  some  useful  advance  in  our  knowledge,  and  would  have 
secured  a  testimonial  of  fitness  such  as  no  examination  could  confer.  Five  years  in 
all — ^the  minimum  time  now  laid  down  for  a  medical  qualification— would  surely 
be  not  too  much  to  ask  for  the  chemist's  training. 

No  extra  expense  need  be  incurred  to  carry  out  this  plan.  Some  of  the  college 
scholarships  at  present  offered  on  entrance  might  be  reserved  for  research  student- 
ships on  graduation.  These  studentahips  should  be  the  reward  of  the  succeesful 
undergraduate  career.  On  this  point,  which  I  have  urged  for  many  years,  I  am 
glad  to  find  myself  in  entire  agreement  with  the  President  of  the  Chemical 
Society.  At  Owens  College  our  most  successful  endowment  in  Chemistry  has 
been  the  Dalton  Scholarship,  awarded  for  a  research  done  in  the  College  labora- 
tories. In  the  Victoria  University  we  have  lately  founded  scholarships  for  the 
encour&^ment  of  research,  which  are  awarded  on  the  results  of  the  final  exami- 
nation m  the  several  Honours  Schools.  The  winners  are  entitled  to  hold  their 
scholarships  at  any  university  at  home  or  abroad  where  they  can  continue  their 
special  studies. 

I  plead,  then,  for  greater  encouragement  of  chemical  research  in  Oxford.  Make 
it  part  of  the  normal  course  of  training  for  everyone  who  wishes  to  be  a  chemist  in 
fact  as  well  as  in  name.  Consider,  not  only  the  country's  need,  but  the  value  of 
research  itself  as  a  mental  training,  as  stimulating  and  strengthening  the  activities, 
as  creating  that  sense  of  devotion  and  disdpleship  which  b^omes  the  tradition  of 
every  great  school  of  learning. 

Lastly,  let  us  own  that  we  ourselves — ^the  teachers  here — ^have  been  perhaps  too 
critical^  too  much  afraid  of  making  mistakes,  forgetting  that  the  witty  American's 
remark — that  he  who  never  makes  mistakes  never  makes  anything — ^has  a  far 
wider  application  in  science  than  in  politics.  Only  by  practice  and  drill  can  we 
learn  to  collect  our  strength  and  swing  it  with  preciMon  into  acts.  Without  that 
training,  no  matter  how  much  faculty  of  seeing  a  man  has,  *  the  step  from  know'mg 
to  doing '  is  rarely  taken.  There  is  nothing,  I  believe,  in  Oxford  antagonistic  to 
our  cause.  The  genius  of  the  place  has  not  declared  against  scientific  research ; 
and  if  it  be  a  true  saying  that  men  here  imlube  a  liberal  education  from  the  very 
air  breathed  by  Locke  and  Berkeley,  suidhr  we  also  may  draw  scientific  ins^ration 
from  this  air,  not  only  breathed,  but  furst  explained  by  Boyle  and  Hooke  and 
Mayow. 
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The  following  Reports  asd  Papers  were  read : — 

1.  Repcri  of  the  CommiiUe  an  an  Iniemational  Standard /or  the 
Analysis  of  Iron  and  Steel. — See  Reports,  p.  237. 


Report  of  the  Committee  on  Electrolytic  Methods  of  Qwx/rUitative 
Analysis, — See  Reports,  p.  160. 


3.  On  the  Proportions  of  Carbonic  Add  in  Air  which  a/re  Extinctive  to 
Flamej  and  which  are  IrrespirahU,    By  Frank  Clowes,  D.Sc.,  Fro- 
fessor  of  Chemistry  in  the  University  College^  Nottingham, 

It  is  ffenenlly  maintained  that  a  man  cannot  breathe  air  which  contains  suf- 
ficient caroon  dioxide  to  extinguish  a  candle-flame.  Tbe  correctness  of  this  state- 
ment is  of  great  importance  to  those  who  have  occasion  to  work  in  an  atmosphere 
which  may  contain  large  proportions  of  carbonic  acid,  such  as  that  in  a  colliery  or 
mine,  or  in  a  well-shaft. 

The  careful  determination  of  the  proportion  of  carbonic  acid  in  air  which  is 
just  sufficient  to  extinguish  flame  has  been  made  by  the  author,  the  method  adopted 
difiering  essentially  from  the  methods  preyiously  employed.  Experiments  by  earlier 
investigators  had  shown  very  wide  discrepancies. 

The  author  finds  that  the  flames  of  candles,  oil,  paraffin,  and  alcohol  are  extin- 
guished by  air  containing  from  18  to  16  per  cent,  ot  carbonic  acid.  The  flame  of 
coal-gas,  howeTer,  reouirod  the  presence  of  at  least  88  per  cent,  of  the  extinctive 
gas,  and  the  flame  of  nydrogen  was  not  extinguished  until  the  amount  of  carbonic 
acid  in  the  air  reached  68  per  cent. 

Taking  16  per  cent,  of  carbonic  acid  as  the  proportion  in  air  which  is  extinctive 
of  ordinary  portable  illuminatinff  flames,  it  is  of  interest  to  note  that  this  percentage 
of  the  gas  in  air  appears  from  the  recent  experiments  of  Mr.  J.  R.  Wilson  ^  to  be 
quite  harmless  when  breathed.  Mr.  Wilson  found  that  a  rabbit  which  had 
breathed  for  an  hour  air  containing  26  per  cent,  of  carbonic  acid  was  none  the 
worse  for  its  experience,  but  appeared  at  the  end  of  the  hour  more  Uvely  than  at 
the  beginning.  Air  &)ntaining  60  per  cent,  of  carbonic  acid,  however,  proved  fatal 
to  the  rabbit  after  it  had  been  breathed  for  a  few  minutes  only.  Unfortunately  ne 
intermediate  proportions  were  experimented  with. 

It  is  therefore  apparently  safe  to  say  that  air  containing  at  least  10  per  cent, 
of  carbonic  acid  more  than  that  requiied  to  extinguish  a  candle-flame  can  be 
breathed  with  impunity.  Probably  a  much  higher  proportion  of  carbonic  add 
than  this  can  be  breathed. 

Dr.  Angus  Smith  and  many  others  fully  support  from  experience  the  statement 
that  a  man  can  breathe  and  work  in  air  contaming  more  than  sufficient  carbonic 
add  to  extinguish  a  flame. 

The  extraordinary  vitalit;^  of  the  hydrogen-flame  in  the  nresence  of  high  propor- 
tions of  carbonic  acid  renders  it  valuable  for  maintaining  the  name  in  a  miner*s  safety- 
lamp  in  foul  air.  The  composite  safety-lamp  described  by  the  author  at  the 
Nottingham  Meeting  of  the  British  Association  '  serves  this  purpose  well.  It  can 
bum  either  an  oil-flame  or  a  hydrogen-flame  or  both  together.  When  used  for 
gas-testing,  one  of  the  flsmes  only  is  used  as  occasion  may  require.  But  it  hae 
been  found  that  when  the  lamp  runs  the  risk  of  being  carried  into  foul  air,  it  is 
most  advantajreous  to  bum  the  hydrogen-flame  alongside  the  illuminating  dl-flame. 
A  comparatively  low  proportion  of  carbonic  acid  extinguishes  the  oil-flame,  and 
this  would  leave  the  miner  in  darkness  and  without  the  means  of  recovering  his 
light,  since  the  lamp  may  not  be  opened  and  relighted  in  the  mine.  But  the 
hydrogen-flame  continues  burning  in  the  presence  of  over  60  per  cent,  of  carbonic 

■  American  Jovrn,  Pkarm,,  50,  No.  18. 
*  BriHth  Assoc.  Bepert,  1893,  p.  728. 
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acidy  aad  will  rekindle  the  oil-wick  after  the  foul  air  has  been  left  or  passed 
through. 

It  is  worthy  of  note  that  the  proportion  of  carbonic  add  which  was  extinctive 
of  any  particular  flame  was  independent  of  the  site  of  the  flame. 

flirther,  it  was  noticed  that  the  wick-fed  flames  f^aduidlj  diminished  in  sise  as 
the  proportion  of  carbonic  acid  in  the  air  was  increased ;  this  was  evidently  due  to 
the  u>wend  temperature  of  the  flame  leading  to  a  diminished  supply  of  combus- 
tible gas  or  vapour  being  produced  from  the  combustible  solid  or  liquid ;  the  flame 
ultimately  diea  because  it  was  starved  of  fueL  The  flames  of  gases  fed  from  jets, 
on  the  other  hand,  increased  in  size  as  the  proportion  of  carbonic  acid  in  the  air 
was  increased.  It  appeared  that  the  flame  extended  its  surface  in  the  air  containing 
a  diminished  proportion  of  oxygen,  in  its  endeavour  to  obtain  the  supply  of  oxygen 
necessary  for  its  combustion.  This  expansion  of  the  flame  lowered  its  temperature 
ultimately  below  the  kindling  point  of  the  gas,  and  the  flame  was  therefore  extin- 
guished by  being  cooled.  The  extinctive  proportions  of  carbonic  acid  for  different 
flames  was  therefore  determined  by  the  amount  of  oxygen  required  for  combustion, 
and  by  the  extent  to  which  the  temperature  of  the  flame  in  air  surpassed  the 
kindling  point  of  the  combustible  gas  or  vapour. 

BestUU  obtained  with  Naked  Flames. 


CombosUble  Subntaoce  burnt  in  the 
Mixture 


I.— Candle    . 

Ck>lza  and  petrolenm 
Ordinary  lamp  parafiSn 
Alcohol,  pore  . 
Alcohol,  methylated 
II.— Hydrogen 
Goal-gas . 

Methane  (flre-damp) 
Carbonic  oxide  (white-damp) 
Ethylene        .        .        .        . 


Extinctive  Proportion  of  Cartxm  Dioxide 
added  to  the  Air 


Percentage 

of  Carbon 

Dioxide 

added 


U 
16 
16 
14 
13 
68 
33 
10 
24 
26 


Percentage  Composition  of 
the  Mixture 


Oxygen 


181 
17-6 
17-9 
181 
18-3 
8-8 
141 
18-9 
16-0 
16-6 


Nitroscn 

find 
Carbon 
Dioxidii 


81-9 
82-4 
821 
81-9 
81-7 
91-2 
85-9 
811 
840 
84-8 


4.  On  some  Experiments  unth  Free  HydrooGylamine. 
By  Dr.  C.  A.  Lobrt  de  Bruyn,  Amsterdam. 

The  Preddent  of  this  section,  Professor  H.  Dizon,  has  invited  me  to  give  some 
account  of  my  researches  concerning  free  hydroxylamine.  In  responding  to  this 
friendly  request,  I  only  propose  to  show  you  some  of  the  properties  of  this  sub- 
stance by  some  experiments,  for  the  time  at  mj  dianosal  forbids  a  detailed  treat- 
ment of  the  subject ;  moreover  a  paper,  containing  the  results  of  the  investigation, 
has  been  published  in  extenso,  in  the '  Becueil  des  Travauz  Ohimiques  des  Pays- 
Bas.' 

In  a  few  words  I  mar  remind  you  that  the  free  base  can  be  prepared  in  the 
following  way.  The  hydrochloric  acid  salt  of  the  base  is  diseolvea  in  abedlute 
metiiyl  alcohol,  the  equivalent  <|uantity  of  methylate  of  sodinm  is  added,  the 
common  salt  which  nrecipitates  is  filtered  ofi^,  and  the  solution  of  Uie  free  base 
concentrated  by  distillation  at  100  or  200  mm.  By  fractionating  the  residue  at  the 
pressure  of  20  mm.,  the  pure  free  base  passes  over  at  58°  as  a  crystallised  substance 
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meliiiur  at  83^;  it  is  of  a  high  specific  gravity  (1*35),  without  odoar,  hygroscopic 
and  volatile. 

The  reason  why  the  free  hydroxylamine  must  he  distilled  at  a  low  pressure  is 
that  the  suhstance  is  pretty  violently  exploaivey  and  that  explosion  occurs  sponta- 
neously at  the  temperature  of  130°.  Thus  care  must  he  taken  never  to  heat  the 
suhstance  too  strongly,  for  if  heated  at  the  ordinary  pressure  to  70^  or  80°,  an 
explosion  may  occur,  the  snontaneous  decomposition  nusmg  the  temperature.  The 
hydroxylamine  is  an  endotnemious  compound,  and  can  he  transfonned  totally  into 
gaseous  products,  the  two  conditions  which,  as  is  known,  characterise  an  explosive. 
I  have  produced  an  explosion  in  the  following  manner :  1  or  1*6  c.c.  of  the  melted 
hase  were  put  into  an  ordinary  open  test-tuhe,  with  a  thermometer  in  it ;  the  tuhe 
stood  in  an  ordinary  heaker,  which,  heated  hy  a  humer,  acted  as  an  aiivhath. 
When  the  temperature' had  reached  90°,  the  flame  was  withdrawn ;  the  spontaneous 
decomposition  was  vigorous  and  the  temperature  rose  to  130.°  Then  a  violent 
explosion  took  place,  the  glass  apparatus  was  reduced  to  powder,  the  copper-gauze 
on  which  the  vessel  stood  was  torn  to  pieces,  phenomena  which  prove  that  the 
explosion  is  of  the  same  nature  as  that  of  high  explosives.  If  one  drop  of  the 
mdted  hase  in  a  tuhe  is  brought  Into  a  flame,  a  loud  explosion  is  heard. 
The  free  hase  can  bum  in  the  air  with  a  feeble  yellowish  flame. 
That  hydroxylamine  is  a  highly  reducing  agent  is  known  since  Iiossen,  about 
thirty  years  ago,  discovered  the  salts  of  the  base.  It  is  obvious  that  the  free  base 
must  show  reducing  properties  in  a  much  higher  degree.  On  exposure  to  the  air 
at  the  ordinary  temperature  it  gradually  attracts  oxygen  ;  one  of  the  products  of 
the  oxidation  is  nitrous  add.  When  the  free  surnoe  in  contact  witn  the  air  is 
extensive  the  oxidation  is  accompanied  by  a  rise  of  temperature — ^for  instance,  when 
some  filter  paper  or  asbestos  is  moistened  with  the  melted  substance.  A  current 
of  oxygen  passing  over  the  substance  gives  rise  to  the  formation  of  fumes  containing 
nitrous  acid,  the  temperature  rising  at  the  same  time. 

It  is  not  surprising  that  oxidising  agents  act  violently  with  the  free  base ;  thus, 
for  instance,  the  solid  permanganate  of  potasdum,  chromic  acid,  and  some  peroxides, 
in  contact  with  some  drops  of  the  substance,  produce  inflammation.  Powdered 
bichromate  of  potassium  causes  a  sharp  detonation ;  solid  iodate  of  sodium  and 
nitrate  of  silver  are  also  reduced  instantaneously.  The  action  of  anhydrous  sul- 
phate of  copper  is  also  very  violent ;  the  reduction  of  the  salt  may  be  accompanied 
by  inflammation. 

Metallic  sodium  also  acts  violently,  producing  a  flame.  If  the  action  is 
moderated  by  adding  some  dry  ether,  hydroffen  is>volved  and  a  white  substance, 
NaONH„  is  formed.  This  compound  is  a  dangerous  one  because  it  explodes  by 
contact  with  the  air. 

The  halogen  acts  vehemently  with  the  free  base ;  chlorine  inflames  it ;  bromine 
and  iodine  fisappear  immediately,  producing  the  corresponding  acids,  water,  and 
nitrous  oxide. 

As  to  the  solvent  properties  of  the  free  base,  these  are  nearly  equal  to  those  of 
water.  It  dissolves  different  salts,  some  of  them,  as  for  instance  KI,  in  great  quantity. 
Gaseous  ammonia,  introduced  at  16°  into  the  melted  base,  is  dissolved  rapidly  and 
gives  a  solution  containing  20  per  cent  of  the  gas. 

In  the  same  way  the  suostance  behaves  like  water  with  respec*^^  to  other 
liquids;  it  is  consequently  only  easily  soluble  in  the  alcohols  and  nearly  insoluble 
in  the  ordinary  organic  liquids.  Methyl  and  ethyl  alcohol  are  nuscible  witii  the 
melted  base  in  every  proportion ;  these  solutions,  however,  below  the  melting  point 
of  the  base  are  supersaturated  with  respect  to  the  solid  compound.  There  exists, 
however,  a  difference  between  li(]^uid  hydroxylamine  and  water,  the  former  not 
being  miscible  in  all  proportions  with  propyl  alcohol. 

That  hydroxylamine  can  occupy  the  place  of  the  hydrate  water  in  salts  has 
beenproved  by  Crismer,  who  has  prepared  the  salts  ZnCl,,  2NH.0H,  BaCL,  NH,OH, 
&c. ;  by  means  of  dry  ammonia  Crismer  has  prepared  the  free  base  from  these 
double-compounds. 

The  presence  of  the  hydroxyl  group  in  hydroxylamine  explains  the  analogies 
between  this  substance  and  water;  the  difference  in  their  oebaviour  must  be 
explained,  at  least  partly,  by  the  greater  molecular  weight  of  the  former.^ 
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Solid  caustic  sods  is  ftlso  very  soluble  in  the  melted  base ;  care  matt  be  taken 
to  keep  it  cool  when  adding  the  soda.  This  solalion  is  much  more  liable  to  oxida- 
tion than  the  free  base ;  exposed  to  the  air  the  solution  may  spontaneouslj  inflame. 
So  we  see  that  the  presence  of  alkali  (or  rather  of  NaONH,)  increases  m  a  bi^h 
degree  the  liability  to  oxidation,  the  fi«e  base  oxidising  not  so  quicklj.as  the  solu- 
tion of  NaOH  in  it,  while  the  solid  NaONH,  explodes  m  contact  witn  the  air. 

Although,  as  has  been  shown,  free  hjdroxylamine  is  a  strong  reducing  agent, 
it  can  be  reduced  itself  by  means  of  zinc  dust  If  this  substance  is  moistened  with 
the  base  (in  an  atmosphere  of  nitrogen),  a  pretty  violent  reaction  occurs  five  or  ten 
minutes  later,  and  ammonia  and  zinc  oxide  are  formed. 


5.  The  Chemical  Action  of  a  New  Bacteriufn  in  Milk, 
By  Albzaitdeb  Bbritotbik. 

Up  to  the  present  time  the  chemical  action  of  bacteria  on  sugar  has  received 
the  largest  share  of  attention,  the  alcoholic  and  add  fermentations  offering  them* 
selves  most  readily  for  observation. 

In  regard  to  the  effect  of  bacteria  on  casein,  it  has  generally  been  considered  aa 
sufficient  to  saj  that  some  bacteria  seem  to  have  a  rennet-like  action,.whilst  Others 
have  a  peptonLsing  effect.  It  was  assumed  that  a  certain  class  of  bacteria  have 
the  peculiarity  ot  producing  an  enzyme  which  curdles  the  milk  under  Valine 
reaction,  and  afterwards  producing  another  enzyme  which  dissolves  the  cuTd 
again.  Such  actions  can  be  noticed  if  a  milk  is  strongly  heated  and  then  left  to 
itself. 

The  author  succeeded  in  isolating  a  bacterium,  which  had  such  an  unusual 
effect  on  sterilised  milk,  that  further  studies  appeared  desirable.  These  investiga- 
tions have  been  carried  on  by  the  author  at  the  Hygienic  Institute  of  Berlin. 

The  specifld  bacterium  is  a  very  short  rod,  scarcely  \y}  long  and  '5/i  in  diameter : 
it  shows  rapid  whirling  motion,  forms  colourless  liquid  colonies  on  peptone- 
gelatine,  which  is  soon  entirely  liquefied ;  on  agar  a  white  slimy  growtn ;  on 
potatoes  a  smooth  brown  skin.  No  spores  could  be  observed.  The  microbe  has 
received  the  name  Bacterium  peptofaciens, 

A  practical  method  of  inoculating  large  quantities  of  milk  with  this  bacterium 
was  next  described,  the  object  being  to  obtain  a  new  product  out  of  milk  in  which 
all  the  casein  is  in  a  dissolved  state,  as  it  is  well  known  that  ordinarv  milk  is  not 
easily  digested  by  many  grown-up  persons  on  account  of  the  undissolved  state  of 
the  casein. 

Milk  which  had  been  deprived  of  its  cream  by  separators  was  used  for  this 
purpose.  After  incubation  during  eight  days  at  20^  C.  the  further  action  of  the 
bacterium  was  prevented  by  heating  the  milk.  This  killed  the  bacteria  and  caused 
coagulation  of  that  part  of  the  casein  which  had  not  been  dissolved.  A  dear 
filtrate  was  obtained  :  it  had  a  yellow-reddish  colour,  an  aromatic  smell,  and  a  taste 
reminding  one  of  almonds. 

The  results  of  a  detailed  chemical  analysis  were  (riven.  It  was  shown  that 
more  than  one-half  of  the  casein  had  been  hydrated  and  formed  into  albumose  and 
peptone.    The  various  reactions  of  the  dissolved  protein  substances  were  stated. 

A  small  amount  of  lactic  acid  was  formed,  and  a  very  slight  amount  of  acetic 
and  butyric  acids,  these  last  two  together  coming  only  to  *03  per  cent  The  bac- 
terium does  not  produce  any  gaseous  products,  even  after  weeks  of  action. 
Sulphuretted  hydrogen,  indol,  and  skatol  were  not  formed.  The  sulphur  of  the 
casein  was  still  contained  in  the  peptone.  Ammonia  was  present  in  the  form  of 
salts,  the  amount  of  ammonia  being  equal  to  "OT  per  cent.  Of  tyrosin  only  the 
existence  cotild  be  shown,  the  amount  being  too  small  to  show  cr3r8tal8  under  the 
microscope. 

Reference  was  made  to  similar  products  generated  during  the  ripening  of 
d  eese,  which  is  entirely  the  action  of  microbes. 

'  I/ikOOOI  mm. 
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The  liquefied  milk  is  slightly  concentrated  hj  evaporation,  and  to  the  new 
product  80  obtained  the  name  of  galacton'  has  been  given.  The  investigation  in 
regard  to  any  ensyme  being  formM  hj  the  Bacterium  peptofitcient  gave  tne  result 
that  this  is  not  the  case.  As  compared  to  the  meat  peptones  now  largely  used, 
the  galacton  has  the  advantage  of  containing  no  gluten-peptone,  which  probably 
explains  the  much  better  tasto ;  farther,  that  no  chemicals,  such  as  hydrochloric 
acid,  are  required  in  its  preparation. 

Formerly  it  has  been  supposed  that  milk-sugar  could  only  underoo  acid 
fermentation,  but  lately  special  yeasts  have  been  found  which  produce  alcoholic 
fermentation  of  milk-sugar.  By  means  of  such  yeasts  an  alcoholic  beverage  can 
be  made  out  of  galacton. 

The  author  concluded  with  the  remark  that  bacteria  have  of  late  been  most 
conspicuous  in  the  minds  of  most  people  by  the  fact  that,  out  of  the  enormous 
number  of  bacteria  existing,  there  are  a  few  which  have  pathogenic  effect.  But 
the  action  of  bacteria  in  nature  is  an  eminently  useful  one,  and  by  the  chemical 
study  in  this  direction  we  shall  learn  how  to  utilibe  their  peculiar  action  to  our 
advantage. 


FRIDAY^  AUGUST  10. 


A  discussion  on  the  behaviour  of  gases  with  regard  to  their  electrification  and 
the  influence  of  moisture  on  their  combination  was  opened  by  the  reading  of  the 
three  following  papers : — 

1.  On  ike  Connection  between  Chemical  Combination  and  the  Discharge  of 

Electricity  throtigh  Gases,    By  Professor  J.  J.  Thomson,  M,A.^  F.KS. 

[This  paper  was  ordered  to  be  printed  in  extetuo, — See  Reports,  p.  482.] 


2.  On  the  Electrification  of  Molecules  and  Chemical  Change, 

By  H.  Brbketon  Baker. 

[This  paper  was  ordered  to  be  printed  in  externa, — See  Reports,  p.  493.] 


Z,  On  the  Bate  of  Oxidation  of  Phosphortu,  Sulphur,  and  Aldehyde, 
By  Thomab  Ewan,  B,Sc,,  Ph.D, 

Gaseous  oxy^n  appears  sometimes  to  be  more  active  chemically  in  the  dilate 
state  than  when  it  is  more  concentrated.  This  remarkable  behaviour  was  studied 
in  the  cases  of  phosphorus,  sulphur,  and  aldehyde,  by  the  author  in  Professor 
van*t  Hofi^'s  laboratory  in  Amsterdam. 

With  phosphorus  and  oxygen  (saturated  with  aqueous  vapour  at  about  2(fJ  it 
was  observed  that  for  pressures  of  oxjgen  greater  than  700  mm.  the  rate  of  oxida-^ 
tion  was  excessively  small  or  nothing  at  all.  Below  700  mm.  it  increases  rapidly. 
This  limit  corresponds  with  that  found  by  Joubert,  below  which  phosphorescence- 
begins.  After  reaching  its  maximum  velocity  a  very  simple  relation  exists  between 
the  rate  of  oxidation  and  the  pressure  of  the  oxygen,  provided  that  the  change  in 
the  rate  of  evaporation  of  the  phosphorus,  which,  according  to  Stefan,  is  produced 
by  the  change  in  the  pressure  of  the  oxygen,  is  taken  into  account.  The  rate  of 
oxidation  is  then  directly  proportional  to  the  pressure  of  the  oxvgen.  In  the 
absence  of  water  the  oxidation  also  begins  suddenly,  but  at  a  much  lower  pressure 
(about  200  mm.).  Again  allowing  for  the  change  m  the  rate  of  evaporation  of  the 
phosphorus,  the  velocity  of  the  reaction  quickly  reaches  a  maximum  and  then 
decreases,  as  nearly  as  could  be  made  out,  proportionally  to  the  square  root  of  the 
pressure  of  oxygen.  The  results  here  were  not  so  certain  as  might  be  desired, 
owing  to  the  layer  of  oxide  formed  on  the  surface  of  the  phosphorus  disturUng 
the  refirular  course  of  the  reaction. 
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With  sulphur  in  dry  oxygen,  where  the  course  of  the  reaction  can  be  con- 
veniently followed  at  160°,  it  appears  (again  allowing  for  the  change  in  the  rate 
of  evaporation)  that  the  velocity  of  the  reaction  is  proportional  to  the  square  root 
of  the  oxygen  pressure. 

No  linut  was  observed  here  up  to  800  mm.,  beyond  which  no  observations  were 
made. 

To  eliminate  the  uncertainty  introduced  by  the  correction  for  the  rate  of  evapo- 
ration of  the  phosphorus  and  sulphur,  the  reaction  between  the  vapour  of  aoet- 
aldehyde  and  oxygen  was  studied  (at  20°).  The  reaction  was  found  to  go  perfectly 
regularly,  and  its  velocity  was  proportional  to  the  product  of  the  pressure  of  the 
aldehyde  vapour  and  of  the  square  root  of  the  pressure  of  the  oxygen  gas. 

The  interpretation  of  these  facta  would  appear  to  ba  that  only  that  small  part 
of  the  oxygen  which  is  broken  up  into  atoms  takes  part  in  the  oxidation. 


4,  New  Methods  of  Spectrum  Ancdysioj  cund  on  Bessemer  Flame  Specirom 
By  Professor  W.  N.  Hartley,  F.R.S. 

This  communication  comprises  three  parts : — 

\.  On  the  Separation  of  Spectra  of  the  Alkalies  from  those  of  the  Alkaline  Earths, 
— Thb  is  accomplished  b^  fusing  the  material  with  boracic  acid,  hydrated  silica,  or 
dissolving  in  hyorofluosilicic  acid.  The  salts  so  formed  are  used  in  the  ordinary 
manner  in  a  Bunsen  flame. 

2.  Methods  of  obtaining  Spectra  with  Flames  at  High  Temperatures^ — The  diffi- 
culty of  obtaining  spectra  at  high  temperatures  arises  from  the  necessity  of  having  a 
support  for  the  substances  to  be  examined  which  is  practicallv  infusible  in  the  oxy- 
hydrogen  flame.  The  mineral  kyanite  from  County  Donegal  is  suitable  for  supports 
ill  the  oxy-hydrogen  blow-pipe  flame.  A  commoner  material  is  ordinary  tobacco- 
pipe,  which  serves  as  a  support  for  various  metallic  salts.  The  spectra  obtained  in 
the  oxy-hydrogen  flame  nave  the  following  characters,  by  which  they  may  be 
classified : — 

(1)  Lines:  lithium,  thallium,  nickel,  cobalt. 

(2)  Bands :  antimony,  bismuth,  gold,  tin,  sulphur,  selenium. 

(3)  Bands  and  Hues  together:  copper,  iron,  manganese,  tellurium,  lead,  and 

silver. 

(4)  More  or  lera  continuous  spectra  with  lines:  sodium,  potassium,  magnesium, 

chromium,  cadmium. 
(Jt)  Continuous  spectra:  zinc,  carbon,  arsenic. 
(G)  No  spectrum :  platinum. 

Biind  spectra  can  be  converted  into  line  spectra  by  reducinsr  the  quantity  cf 
substance  in  the  flame.  This  is  shown  by  the  Imes  of  silver  which  are  found  to  be 
present  in  spectra  obtained  from  ordinary  copper ;  the  spectrum  of  silver  being* 
itself  a  band  spectrum.  A  distinct  flame  spectrum  may  be  emitted  by  compounded 
at  high  temperatures.  Examples  of  such  spectra  are  those  of  msgnesia,  lime, 
copper-oxide.  Some  compounos  emit  only  the  spectra  of  the  metals  they  contain ; 
such  are  compounds  of  iron,  nickel,  cobalt,  chromium,  manganese,  sodium,  potas- 
sium, lithium,  thallium,  and  rubidium. 

8.  Bessemer  Flame  Spectra, — Up  to  the  present  time  the  precise  nature  of  the 
spectrum,  the  cause  of  its  production,  its  sudden  disappearance  when  decarburisa- 
tion  of  the  metal  takes  place,  and  the  connection  between  the  decarburisation  of 
the  metal  and  the  extinction  of  the  spectrum,  have  not  been  satisfactorily  explained. 
According  to  Roscoe,  Lielegg,  Kupelwieser,  and  Spear  Parker,  the  spectrum  is 
characterised  by  bands  of  carbon  or  of  carbon  monoxide,  which  disappear  when  all 
carbon  is  burnt  out  of  the  metal. 

On  the  other  hand,  according  to  the  investigations  of  Simmler,  Brunner,  von 
Lichtenfels,  and  Wedding,  the  spectrum  is  not  due  to  carbon  (Koscoe),  or  to  car- 
bon monoxide  (Lielegg  and  Kupelwieser),  but  to  manganese  and  other  elements  in 
the  pig-iron. 

The  very  careful  examination  of  these  spectra  by  Watts,  and  his  comparison  of 
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tliem  with  that  of  the  Bessemer  flame,  led  to  the  conclusion  that  it  was  not  the 
spectrum  of  carhon  in  any  form,  or  of  manfl^anese,  hut  that  of  manganic  oxide. 

The  spectrum  is  a  complex  one,  which  exhibits  differences  in  conRtitution 
during  dmerent  periods  of  the  '  blow,'  and  even  during  different  intervals  in  the 
same  period.  As  originally  observed  by  Watts,  the  spectrum  differs  in  different 
works,  the  difference  being  due  to  temperature  and  to  the  composition  of  the 
metal  blown. 

Durinff  the  First  Period. — The  lines  of  the  alkali  metals,  sodium,  potassium, 
and  lithium,  are  seen  unreversed  on  a  bright,  continuous  spectrum  ca\^d  by 
carbon  monoxide.  The  C  line  of  hydrogen,  and  apparently  the  F  line,  were  seen 
reversed  during  a  snowstorm,  when  much  moisture  entered  the  metal  with  the 
blast. 

Durififf  the  Second  Period,  the  'Boil,* — ^Bands  of  manganese  are  prominent, 
overlying  the  continuous  spectrum  of  carbon  monoxide.  There  are  lines  of  carbon 
monoxide,  manganese,  and  iron,  also  those  of  the  alkaline  metals. 

During  the  T/urd  Period,  the  *  Fining  Stage* — The  spectrum  is  the  same  as  the 
foregoing,  but  the  lines  of  iron  are  not  so  strong  and  not  quite  so  well  defined. 
Some  of  the  short  lines  of  iron  disappear;  the  lines  of  the  alkali  metals  are 
visible. 

The  alkali  metals  do  not  show  themselves  in  the  Bessemer  flame  until  a  layer 
of  slag  has  been  formed  and  the  temperature  has  risen  sufficiently  high  for  these 
basic  constituents  to  be  vaporised.  At  the  temperature  of  the  '  boil,'  or  second 
period,  both  metallic  manganese  and  iron  are  freely  vaporised  in  a  current  of 
carbon  monoxide  which  rushes  out  of  the  bath  of  molten  metal.  The  evidence  of 
this  is  the  large  number  of  bands  of  manganese  and  lines  of  iron  in  the  spectrum. 

When  the  metal  blown  contains  but  little  manganese,  the  manganese  spectrum 
in  the  flame  does  not  arise  from  that  substance  being  contained  in  the  bath  of 
metal ;  it  must  be  vaporised  from  the  slag.  That  this  is  so  has  been  proved  by 
photographs  of  the  spectrum  from  samples  of  slag  obtained  from  the  Crewe  works. 
This  explains  the  fact  observed  by  Brunner,  namely,  that  when  a  converter  is 
being  heated  with  coke  after  it  has  been  used,  but  not  relined,  the  spectrum  of  the 
Bessemer  flame  makes  its  appearance  \  manifestly  it  comes  from  the  adhering  slag. 

The  luminosity  of  the  flame  during  the  '  boil '  is  due,  not  merely  to  the  com- 
bustion of  highly  heated  carbonic  oxide,  but  also  to  the  presence  of  the  vapours  of 
iron  and  manganese  in  the  gas. 

The  disappearance  of  the  manganese  spectrum  at  the  end  of  the  'fining. stage,' 
or  third  period,  is  primarily  due  to  a  reduction  in  the  quantity  of  the  heated 
carbon  monoxide  escaping  from  the  converter,  which  arises  from  the  diminished 
qiumtity  of  carbon  in  tne  metal.  When  the  last  traces  of  carbon  are  gone,  so  that 
air  mapr  escape  through  the  metal,  the  blast  instantly  oxidises  any  manganese 
either  in  the  metal  or  in  the  atmosphere  of  the  converter,  and  furthermore  oxidises 
some  of  the  iron.    The  temperature  must  then  fall  with  great  rapidity » 

The  entire  spectroscopic  phenomena  of  the  '  blow '  are  undoubtedly  determined 
by  the  chemical  composition  of  the  molten  iron,  and  of  the  gases  and  metallic 
vapours  within  the  converter,  the  temperature  of  the  metal,  and  that  of  the. 
issuing  gases. 

The  Temperature  of  the  Beetemer  Flame, — The  probable  temperature  of  the 
Bessemer  flame  at  the  finish  is  that  produced  by  the  combustion  in  cold  air  of 
carbonic  oxide  heated  to  about  1,580°  C. — ^that  is  to  say,  to  the  temperature  which, 
accordiiig  to  Le  Chatelier,^  is  that  of  the  bath  of  molten  metal  from  which  the  gaa 
has  proceeded. 


6.  On  the  Chemistry  of  Coal  Formation, 
By  J.  W.  Thomas,  F,LC.,  F.CS. 

The  age  of  the  coal,  and  the  physical  conditions,  such  as  the  effect  of  water, 
beet,  and  pressure,  should  throw  light  upon  the  chemistry  of  coal  formation ;  but 

^  Cemptes  Bendus,  vol.  cxiv. 
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the  ooaU  in  one '  field '  are  found  under  different  phjsical  and  chemical  conditions 
from  those  of  another,  and  little  evidence  ie  ohtained  hj  comparison. 

The  decomposition  of  peat  and  of  wood  teaches  us  more  of  the  chemistry 
of  coal  formation.  In  hoth  instances  the  woody  fihre  disappears  first,  leaving  a 
residue  richer  in  resinoids.  The  lignites  of  Bovey  Tracey  have,  as  in  the  case  of 
decaying  peat  and  wood,  an  excess  of  resinoid  matters  over  the  vegetation  which 
formed  them.  Hutton  found  mineral  resin  in  Carboniferous  coals,  and  others  since. 
Witham  showed  long  ago,  and  much  recent  evidence  proves,  that  conifers  and 
other  dicotyledons  flourished  during  the  Carboniferous  period.  Just  as  lime  and 
other  trees  shed  saccharine  matter  on  the  leaves  and  grass  underneath,  so  it  is^ 
probable  that  liquid,  gummy,  and  resinous  matters  were  showered  from  tlie  forest 
vegetation  during  the  Carboniferous  and  Tertiary  periods. 

The  chemical  changes  in  coal  formation  took  place  chiefly  at  and  near  the 
surface.  In  the  formation  of  paraffin  shale  and  some  Scotch  cannels  the  woody 
fibre  of  the  forest  growths  was  destrojed,  little  else  but  bituminous  matters  remain- 
ing.  A  resinous  vegetation  without  much  dicotyledonous  trees,  or  if  with  dicotyle- 
dons, considerable  surface  exposure  and  decomposition  of  the  woody  fibre,  would 
produce  rich  bituminous  coal,  Wigan  cannel,  Sec,  A.  luxuriant  resinous  and 
dicotyledonous  vegetation,  assisted  oy  heat  and  pressure,  without  much  surface- 
decomposition,  probably  gave  rise  to  semi-bituminous,  steam,  and  anthracite  coal. 

Our  present  chemical  knowledge  of  coal  may  be  summed  up  as  follows : — 

1.  It  contains  water  after  air-drying.  The  hygroscopicity  of  coal  has  not 
received  due  attention.  The  water  is  in  chemical  comHnation.  Further,  the- 
hygroscopicity  is  most  probably  the  key  to  the  spontaneous  combustion  of  coal. 

2.  Coal  contains  the  gases,  liquids,  and  solids  of  the  paraflin  series,  but  these* 
together  will  not  make  up  more  than  1  per  cent,  of  Carboniferous  coals. 

3.  The  bulk  of  coal  is  carbon,  with  more  or  less  hydrogen,  oxygen,  nitrogen, 
sulphur,  and  ash.  We  shall  probably  never  know  how  the  carbon  is  combined  or 
how  much  is  in  the  free  state. 

Further  experiments  are  suggested  as  follows : — 

1.  Upon  the  decomposition  of  dicotyledons  to  throw  light  upon  the  formation 
of  coal. 

2.  Upon  the  hygroscopicity  of  coal  ;  and  to  study  its  bearings  upon  the 
spontaneous  combustion  of  coal  on  board  ship. 

S.  Upon  coals  from  all  British  coal-fields,  to  determine  the  quantity  and,  if 
possible,  the  constituents  soluble  in  gasolene  (petroleuni  ether)  or  benzine  aa 
employed  by  Mr.  Watson  Smith. 

4.  *^To  act  upon  the  various  coals  with  a  weak  solution  of  potassic  hydrate. 


6.  On  the  Iodine  Value  of  Sunlight  in  (lie  High  Alps,    By  Dr.  S.  Ridbai;. 

At  the  meeting  of  the  Association  in  Nottingham  I  had  an  opportunity  of  sob- 
nittin^  the  values  of  the  sunlight  in  the  Upper  Engadine  in  terms  of  the  amount 
of  iodine  liberated  from  an  acidulated  solution  of  potassium  iodide  during  the- 
month  of  January  1893.  These  experiments  have  been  continued  during  the 
months  of  January  and  February  of  the  present  year  by  my  brother,  A.  W.  RideaU 
and  the  results  may  therefore  not  be  without  interest.  The  recent  experiments 
were  conducted  in  exactly  the  same  way  as  those  of  last  year,  so  that  in  all  respects- 
they  are  strictly  comparable. 

The  solutions  were  standardised  by  standard  iodine  solution  prepared  in 
England,  and  the  hyposulphite  solution  was  checked  against  this  sdution  from 
time  to  time  during  the  progress  of  the  experiments. 

During  the  last  winter  the  weather  was,  on  the  whole,  bad,  and  the  number  of 
days  on  which  snow  fell  or  which  were  overcast  were  more  numerous  than  in  the 
icorresponding  period  of  last  rear. 

The  maximum  value  was  obtained  on  February  4,  and  was  equal  to  14*52  mgms. 
of  iodine  per  100  c.c,  as  compared  with  13*5,  the  maximum  value  on  January  1, 
1893.     The  lowest  value  was  3*63  on  December  9;  1893,  as  anjatnst  5*7  on 
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Janaary  24  of  last  seaBon.  The  number  of  bad  days  on  vhich  little  or  no  sun  was 
recorded  lowers  the  average  for  the  period  under  examination.  It  amounts  to 
7-05  mgms.  per  hour,  whilst  in  January  1808,  taking  only  the  bright  days,  the 
quantity  was  9*84. 

I  understand  that  the  ordinary  meteorological  record  was  kept  as  usual,  and 
that  the  data  are  to  be  found  in  the  *  Alpine  Post '  for  the  days  on  which  these 
experiments  were  carried  out.  I  append,  however,  a  brief  note  as  to  the  atmo- 
spheric conditions  in  a  separate  column. 


D«t6 

No.  of 
Uoun 

Total  Mgms. 

Iodine 
per  100  C.C 

Hour 
Value 

Coaditions 

1893. 

Dec.    6  . 

3-5 

27-93 

7-98 

bunny 

>» 

„      7  . 

45 

35-5 

7-88 

H 

»f 

.,      8  . 

6-5 

36-08 

6-50 

tt 

11 

..      9  . 

4-76 

26-77 

3-53 

Overcast 

»» 

„    10  . 

5 

35-5 

7-1 

Sunny 

» 

,f     11   . 

4-25 

33-75 

7-94 

Sun  with  clouds 

!   .. 

.,    29  . 

5 

37-83 

7-66 

Sunny 

1      1* 

..    30  . 

5 

3201 

6-4 

Sun,  but  solution  froaen 

1 

f.    31   . 

7 

38-99 

6-57 

Sunny,  solution  frozen 

1  1»94. 

Jan.    1    . 

4-5 

84-33 

7-63 

Sunny 

t* 

..      2  . 

45 

2677 

6-95 

„      some  clouds 

1      »• 

,.       3  . 

5 

21-53 

4-3 

„     overcast  2  hours 

»» 

,.       *  . 

4-5 

19-73 

4-39 

Overcast 

ti 

..       6  . 

45 

20-95 

4-65 

Very  little  sun 

1      " 

„      6  . 

4-6 

16-86 

3-74 

No  sun,  snowing 

ft 

..      7  . 

5-5 

20-95 

3-89 

ff     ff 

i» 

H        8   . 

626 

19  78 

3-77 

Overcast  most  of  the  day 

M 

„      9  . 

46 

35-5 

7-88 

Sunny 

It 

,.    10  . 

5 

37-63 

76 

»l 

..     11  . 

6 

42-48 

8-45 

»l 

..     12  . 

5 

39-86 

7-97 

»• 

ff     13  . 

5 

5412 

10-82 

1           » 

,.    u  . 

6 

34  63 

G-93 

1 

t* 

..     16  . 

675 

38-99 

C-78 

„    J  hour  after  sunset 

t           " 

.,     16  . 

6-25 

41-61 

7-92 

ft 

»» 

,,     17  . 

5 

34  92 

6-98 

ff 

»» 

„     18  . 

5 

22-98 

4-59 

Cloudy 

f> 

.,     19  . 

5 

22-11 

4-42 

Snowing 

;     „ 

f.     20  . 

5 

35-79 

715 

Sun  and  clouds 

.. 

M     21   . 

6-25 

44-23 

8-42 

Sunny 

»» 

ff     22  . 

5-25 

42-77 

814 

ff 

.. 

..    23  . 

5 

18-62 

3-72 

Snow  all  day 

1  .. 

ff     24  . 

5 

2182 

4-36 

Snowing 

„ 

,f     25  . 

6-25 

43-65 

8-31 

Sunny 

»» 

..     26  . 

4-76 

2415 

5-08 

Snowing 

f» 

..    27  . 

6-5 

48-88 

8-88 

Sun  with  clouds 

If 

,f    28  . 

55 

7304 

13-28 

Sunny 

ft 

„     29  . 

6-75 

46-66 

8-09 

Overcast 

f.     30  . 

6-75 

58-49 

10-17 

Fair,  not  much  sun 

f» 

n       31     . 

5-6 

22-89 

4-16 

Half  sun  and  overcast 

Feb.    1  . 

6-75 

21-86 

3-80 

Overcast,  snow 

f> 

..      2  . 

6-75 

84-38 

5-98 

f9                      ff 

ft 

ff      3  . 

6-6 

44-91 

«-91 

Not  much  sun 

»> 

ff      4  . 

6 

87-17 

14-52 

Sun  all  day 

«» 

„      5  . 

6-5 

64-41 

9-90 

Sunny 

• 

..      6  . 

7 

38-71 

5-53 

Sun  and  clouds 

>f 

ff      7  . 

€•5 

72-69 

11-18 

Sunny 

»f 

f,      8  . 

7 

39  89 

6-69 

Sun  and  clouds                  ' 

»f 

,.       »  . 

7 

56-73 

810 

ti      ff        ff 
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DtL't 

) 

1    No.  of 
1   Houre 

;~8' 

1  Total  Mgms. 
1       lodino 
j    per  100  c.c. 

Hour 
y«lae 

!      7-27 

j                    CondiUoDS 

1  1894. 

Feb 

.  10  . 

r>8-21 

Son  and  clouds 

1      f» 

^j 

u  . 

1     7 

50-83 

1      7-26 

>«      tf        *» 

1      » 

j^ 

12  . 

7 

6703 

;      9-67 

Sunny 

If 

>f 

13  . 

6-25 

28-95 

4  63 

Sun  1^  hour,  then  snow 

!    ** 

14  . 

1      7 

46-98 

6-71 

„    then  overcast 

It 

ft 

15  . 

8 

6200 

6'50 

If       II          >• 

»» 

16  . 

5-5 

3811 

6-92 

t)       If          *f 

It 

17  . 

'      6-5 

26-59 

4 -09 

Snow,  little  sun 

i» 

i» 

18  . 

■      7 

65-25 

7-89 

Sunny 

li»  . 

r.-5 

3G-64 

5-63 

Sun  and  clouds 

»» 

20  . 

7 

65-84 

7-97 

Sunny 

21   . 

C'5 

54-96 

8-45 

T» 

♦• 

»f 

22  . 

7*3 

6525 

8-70 

„      but  IJ  hour  after 
down 

sun- 

tt 

2a  , 

7 

5916 

8-45 

Sun  and  overcast 

24  . 

6-75 

36-83 

5-45 

Overcast 

» 

25  . 

6-75 

6510 

810 

Sun  and  clouds 

It 

ft 

26  . 

7 

32-77 

4-48 

Snow  and  rain 

f» 

If 

27  . 

6-75 

60-90 

902 

Sunny 

>* 

»i 

28  . 

725  ; 

82-87 

11-43 

Sun  1  hour  after  sundown 

It  has  been  remarked  in  the  Engadine  that  the  amount  of  sunlight  during  the 
winter  months  has  been  diminishing-,  but  so  far  as  I  havo  been  able  to  aacertain, 
there  is  no  accSurate  information  upon  which  a  statement  of  this  character  can  be 
based.  The  average  value  per  hour  obtained  from  my  experiments  last  year  for  the 
month  of  January,  including  the  bad  days,  amounted  to  8*41  mgms.  of  iodine 
per  100  c.c,  per  hour,  whilst,  as  already  mentioned,  the  mean  from  the  above 
experiments,  extending  over  a  longer  period,  is  7*05.  This  shows  that  the  aversge 
amount  of  light  was  less  during  the  1803-4  season  than  during  the  previous  one, 
but  I  do  not  think  that  from  the  records  of  two  seasons  any  deductions  can 
legitimately  be  made. 

I  hope  to  make  arrangements  for  a  continuance  of  this  work  during  the  ensuing 
winter,  and  should  be  glad  to  hear  of  similar  work  being  carried  on  at  some  of  the 
other  centres  in  the  High  Alps. 

7.  Interim  Report  of  the  Committee  on  the  Formation  of  Haloids  frotsk 

Pure  Materials, 


8.  Interim  Report  on  the  Bibliography  of  Solution, — See  Reports,  p.  246. 


SA  TURBA  r,  A  UQ  UST  1 1. 
The  Section  did  not  meet. 


MONDAY,  AUGUST  13. 

1.  A  joint  meeting  with  Section  A  was  held,  at  which  Lord  Eaylbiqh, 
Sec,R,S,,  and  Professor  W.  Bamsat,  F.Ii.S,y  gave  a  preliminary  account 
of  a  New  Gaseous  Constituent  of  Air, 
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The  following  Papers  were  read  :-— 

2.  On  SchuUer^a  Yellow  Modification  of  Arsenic.^ 
By  Professor  H.  McLeod,  F.RS. 

3.  On  the  Electrolysis  of  Glass. 
By  Professor  W.  C.  Roberts- Austen,  F.R,S. 


4.  On  the  BekUions  between  the  Viscosity  of  Liquids  and  tlieir  Cliemical 
Nature.^    By  Dr.  T.  E.  Thorpe,  F.R.S.y  and  J.  W.  Rodger. 

During  the  paBt  four  years  the  authors  have  been  making  observations  on  the 
viscosity  of  liquids  with  the  view  of  establishinff  relationships  between  this  property 
on  the  one  hand  and  molecular  weight  and  molecular  structure  on  the  other.  Ihey 
have  employed  the  tube-method  of  measuring  the  viscosity  coefficient,  and  in  the 
case  of  each  licjuid  the  observations  extend  over  the  temperature  range  between  0^ 
and  the  ordinary  boiling-point.  More  than  eighty  liquids  have  now  been 
examined. 

For  liquids  which  do  not  appear  to  contain  molecular  aggregates,  at  any  tem- 
perature, the  following  conclusions  may  be  drawn  : — 

1.  In  homologous  series  the  viscosity  coefficient  is  greater  the  greater  the  mole- 
cular weight. 

2.  The  coefficient  of  a  normal  compound  is  greater  than  that  of  the  isomeric 
iso-conipound. 

8.  The  coefficient  of  an  allyl  compound  is  intermediate  to  those  of  the  corre- 
sponding normal  propyl  and  iso-propyl  compounds,  and,  in  general,  constitution 
exerts  a  regular  effect  on  the  viscosity  coefficient. 

Liquids  which  appear  to  contain  complex  molecules  in  certain  cases  do  not  obey 
these  rules.  Formic  and  acetic  acids  are  exceptions  to  Rule  1.  The  alcohols  do 
not  conform  to  Rules  2  and  8.  In  general,  the  effect  of  temperature  upon  viscosity 
is  much  greater  for  complex  than  for  simple  liquids.  In  both  classes  of  liquids  the 
behaviour  of  the  initial  members  of  several  homologous  series  does  not  accord  with 
that  of  higher  homologues. 

In  attempting  to  quantitatively  connect  viscosity  with  chemical  nature,  the 
authors  have  used  two  magnitudes— the  mcUaUar  viscosity  and  the  molecular  «*- 
cosity-work — which  may  be  derived  from  the  viscosity  coefficient.  If  i;  be  the 
viscosity  coefficient  and  v  be  the  molecular  volume,  the  molecular  viscosity  is  rjt^, 
or  the  product  of  t/  and  the  molecular  area.  The  molecular  viscosity-work  is  ijo, 
the  product  of  i;  and  the  molecular  volume.  The  values  of  these  magnitudes 
have  been  examined  at  three  different  series  of  temperatures  of  comparison— viz., 
the  ordinary  boiling-points,  the  corresponding  temperatures  of  C-C,  and  tempera- 
tures of  equal  slope  or  points  on  the  viscosity  curves  at  which  temperature  is 
exercising  the  same  effect  upon  the  viscosity  of  each  liquid.  On  ascribing 
definite  partial  values  to  the  atoms  and  the  different  modes  of  atom-linkage — the 
iso-grouping,  double  lioJcage,  the  ring-grouping,  &c. — it  has  been  found  possible  to 
calculate  the  viscosity  magnitudes  of  the  great  majority  of  the  simple  liquids. 
The  results  obtained  at  equal  slope  are  by  far  the  most  precise,  but  even  here  the 
alcohols,  water,  and,  to  a  less  extent,  the  acids  are  anomalous,  doubtless  on  account 
of  the  influence  of  molecular  complexity.  A  strong  point  in  favour  of  the  new 
method  of  using  equal  slope  as  a  condition  of  comparison  is  that  the  stoichiometric 
relationships  obtained  at  any  one  value  of  the  slope  appear  to  be  general,  and  thus 
to  be  independent  of  the  particular  value  of  Uie  slope  at  which  the  comparisons 
are  made.  This  conclusion  applies  even  to  complex  liquids  like  water  and  the  acids, 
bat  not  to  the  alcohols,  which  of  all  the  liauids  examined  exhibit,  at  all  of  the 
systems  of  comparison,  the  most  exceptional  behaviour. 

>  Published  in  the  Chemical  JTsms,  Izx.,  p.  139,  Sept.  21, 1894. 

>  Published  in  full  in  the  PhiL  Tram.,  1894. 
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5.  Some  Experiments  on  the  Rate  of  Progress  of  Cfi,emieal  Change. 
By  Dr.  J.  H.  Gladbtonb,  F.£,S. 

In  tbe  last  February  number  of  the  'Philosophical  Magazine'  Mr.  Velej 
pointed  out  four  stages  of  a  chemical  reaction :  '  First,  the  commencement ;  aecond, 
the  period  of  inertness  or  reluctance,  followed  by  acceleration ;  third,  of  cooatancy ; 
fourth,  of  diminution  of  velocity/  This  reminded  the  author  of  various  old 
experiments  which  had  never  been  published,  and  he  returned  to  the  subject  with 
a  view  of  seeing  whether  this  period  of  inertness  followed  by  acceleration  occurred 
in  such  simple  cases  as  that  of  reciprocal  decomposition  of  salts,  and  whether, 
where  it  did  occur,  it  was  capable  of  anj  explanation  on  known  principles.  The 
reciprocal  decomposition  of  potassio-platmum-chloride  and  potassium-iodide  alowly 
proauces  the  iodine  salt  which  makes  itself  manifest  by  its  deep  red  colour.  In 
examining  this  in  various  ways  the  action  always  appeared  most  ra]>id  at  first  and 
gradually  slackened  till  a  balance  of  the  salts  in  solution  was  obtained.  In  such 
cases,  on  the  contrary,  as  that  of  the  formation  of  bi tartrate  of  potassium  or 
calcium,  where  a  larger  amount  of  the  products  is  formed  than  can  be  kept  in 
solution,  it  is  some  time  before  crystals  make  their  appearance,  and  then  they  come 
with  a  rush,  gradually  diminishing  to  the  end  of  the  reaction.  This  seems  to  be 
due  partly  to  the  phenomenon  ot  super-saturation  and  partly  to  the  necessity  of 
rapid  redistribution  of  the  acids  and  bases  when  the  bitartrate  produced  is  thrown 
out  of  the  field  of  action  and  reaction.  In  cases  where  almost  insoluble  salta  are 
formed,  such  as  strontium  sulphate,  the  liquid  becomes  milky  almost  at  once,  a 
constant  redistribution  being  necessitated  by  the  separation  of  the  insoluble  salt, 
and  the  curves  representing  the  course  of  the  action  closely  resembled  those  of  the 
platinum  salt  given  above. 

There  are  unquestionably  many  cases  in  which  there  is  v&ty  little  appearance 
of  action  at  first,  but  afterwa^s  it  comes  on  rapidly,  and  then,ofcour8e,  diminished. 
The  formation  of  zinc-methyl  was  quoted,  but  a  more  interesting  instance  was  the 
reaction  between  cuprous  oxide  and  silver  nitrate  in  rather  weak  solution.  At 
first  little  or  nothing  is  seen  ;  after  a  while  long  filaments  of  metaUic  silver  shoot 
forth,  the  reaction  l>ecoming  very  rapid,  until  the  silver  solution  is  very  much 
weakened,  when,  of  course,  it  proceeds  more  slowly.  In  explanation  of  this  we 
may  conceive  of  some  possible  *  induction,'  or  charging  up  of  the  metallic  oxide,  or 
the  influence  of  the  locsl  rise  of  temperature,  or  the  greater  scope  for  voltaic  action 
between  the  growing  silver  and  the  copper  compound.  The  author,  however,  did 
not  insist  on  any  particular  explanation,  but  gave  the  facts  as  a  contribution  to  the 
general  subject. 

6.  The  Determining  of  the  Freezing-point  of  Water^  voLnH  Hoff*s  Constant^ 
Arrhenius*  Law  of  Dissociation,  OsttvalcTs  Law  of  Dilution.  By  Dr. 
Mejer  Wildermakn. 

I  have  already  given  an  account,  in  the  Physical  Section,  of  the  method 
devised,  in  concert  with  the  late  P.  B.  Lewis,  for  accurately  determining  the 
freezing-point  of  aqueous  solutions  which  freeze  at  temperatures  just  below  &  C. 

The  depression  of  the  freezing-point  of  a  solution  ot  any  concentration  is  stated 
in  degrees  below  the  freesin^-point  of  water.  The  freezing-point  of  water  and  of 
extremely  dilute  solutions  is  very  ditficult  to  determine  with  accuracy.  Under 
ordinary  circumstances  a  cap  of  ice  forms  round  the  bulb  of  the  thermometer;  if 
the  formation  of  this  cap  is  prevented,  the  freezing-point  of  veater  determined  by  my 
thermometer  divided  to  O^-OOi  is  higher  by  0^*0016  to  0°*0017  than  when  the  cap 
exists  and  a  constant  error  in  the  determination  of  the  freezing-point  is  not  removed. 

The  method  of  determining  the  freezing-point  of  verjr  dilute  solutions  which 
.was  devised  by  my  late  friend  P.  B.  Lewis,  and  my  investigations  of  the  freezing- 
point  of  water,  and  of  extren^elv  dilute  solutions,  give  us  a  means  of  submittiDg 
van't  Hofi's  constant,  Arrhenuis^  law  of  dissociation,  and  Ostwald*8  law  of  dilution 
to  a  more  accurate  verification. 

It  is  well  known  that  it  was  van't  Hoff  who  first  drew  attention  to  the  &ct 
that  the  equations  representing  the  generalisations  arrived  at  by  Boyle,  Qay  Luasac, 
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HTkd  Ayogfadro  in  the  case  of  gases  are  equally  applicable  to  dissolved  sulwtances  if 
the  osmotic  pressure  of  the  dissdved  molecules  be  substituted  for  the  pressure 
of  the  ^s. 

While  ran*t  Hoff  was  able  to  establish  a  thermodynamic  relation  between  the 
osmotic  pressure  of  a  dissolved  substance  and  the  molecular  lowering  of  vapour 
presAure,  the  molecular  lowering  of  the  freezing-point  of  solutions  famishes  a 
rational  basis  for  the  empirical  generalisations  of  Kaoult^  and  of  Babo  and  Wiiliner. 

In  van*t  Hoff's  thermodynamical  argument  the  solutions  are  assumed  to  be 
very  dilute,  and  Lence  experimental  verification  is  specially  important  for  the  case 
of  such  solutions. 

I  have  found  that  in  the  case  of  aqueous  solutions  of  sugar  and  urea  the  agree- 
ment between  the  value  calculated  by  van't  Hotf  by  means  of  the  equation 

X  -  9:^^  (which  must  equal  189  if  W-70  kal.,and  is  1-87  if  W-80  kal.)  and 

the  observed  value  of  the  constant  is  excellent.  Even  in  th«^  case  of  alcohol  the 
values  do  not  vary  by  more  than  1^  per  cent,  from  1-87 — a  difference  which  may 
be  accounted  for  bv  the  ditficultv  of  aetermining  exactly  the  percentage  of  alcohol 
in  a  solution  from  its  density.  That  this  is  the  case  is  shown  by  the  fact  that  the 
value  1  *84  or  1  85  is  observed  for  all  concentrations.  It  is  also  possible  to  calculate 
van't  HoiF's  constant  without  determining  the  freezing-point  of  water  in  the 
following  way :  Suffar,  urea,  and  alcohol  are  not  electrolytes,  t.^.,  are  in  water  only 
very  slightly  dissociated.  We  can,  therefore,  determine  the  rehition  between  con- 
centration and  depression  of  freezing-point,  starting  from  a  solution  of  any  convenient 
concentration,  where  an  ice  cap  is  not  formed,  instead  of  from  pure  water,  and  thus 
eliminate  the  influence  of  any  error  in  the  determination  of  the  freezing-point  of 
water.  From  these  observations  made  with  my  thermometers  divided  to  0°*01 
and  0^*001  I  have  been  able  to  establish  van't  Hoflfs  constant  by  a  second  inde- 
pendent method.  Also,  if  the  results  obtained  by  Loomis  with  a  thermometer  read- 
ing to  0^*01  are  similarly  treated,  the  van*t  Hotf's  constant  becomes  evident  in  the 
case  of  sugar,  less  evident  in  the  case  of  water  and  alcohol,  though  the  variations 
are  so  great  that  the  probable  error  is  greater  than  he  suspected,  and  the  concentra- 
tion of  the  solution  was  probably  wrongly  determined. 

We  proceed  to  the  generahsation  of  Arrhenius.  Van't  Hoff  showed  by  four 
different  methods  that  a  law  analogous  to  that  of  Avogadro  was  valid  for  solution 
of  non-electrolytes  like  cane-sugar.  It  then  became  of  importance  to  account  for 
exceptional  cases  in  which  the  depression  of  the  freezing-point  was  abnormal,  and 
in  particular  the  cases  of  salts,  acids,  and  bases  in  aqueous  solutions.  The  explana- 
tion was  given  when  Arrhenius  showed  that  by  two  independent,  quite  different 
methods,  the  observation  of  the  lowering  of  the  Ireezing-point  and  of  the  electrical 
conductivity  of  a  solution,  the  same  value  could  be  obtained  for  the  factor  t,  which 
denotes  the  ratio  of  the  pressure  actually  exerted  by  the  substance  to  the  pressure 
which  the  substance  would  exert  if  it  consisted  entirely  of  undissociated  molecules. 
This  law,  which  is  of  special  importance  owin^  to  the  light  thrown  by  the 
dissociation-theory  on  various  physical  and  chemical  problems,  must,  like  those 
of  van*t  Hoff  already  mentioned,  be  more  valid  in  very  dilute  solutions,  and 
should  at  first  be  verified  for  them.  For  sugar,  urea,  alcohol,  which  are  bad  con- 
ductors of  electricity,  we  have  found  normal  depression  and  a  constant  1*89  or 
1*87.  For  KCl,  SO^H,,  dichloracetic  acid,  trichloracetic  acid,  and  nitrobenzoic 
iicid,  which  are  good  conductors  and  show  at  the  same  time  abnormal  depression, 
I  found  that  the  degrees  of  the  dissociation  from  the  lowering  of  freezbg-point  and 
from  the  electrical  conductivity  are  nearly  the  same. 

It  is  obviously  desirable  that  Ostwald's  dilution  law,  one  of  the  laws  of  the 
action  of  masses,  and  a  most  important  foundation  for  the  theory  of  dissociation, 
should  be  verified  by  determinations  of  freezing-points,  just  as  it  has  been  verified 
by  determinations  of  electrical  conductivity ;  and  for  the  reasons  already  stated  the 
experimental  verification  is  most  important  in  the  case  of  the  most  dilute  solutions. 
The  effect  of  experimental  error  in  tAe  calculation  is  here  very  considerable,  and  the 
freezing  point  methods  hithwto  in  use  have  not  been  sufiiciently  delicate  to  verify 
ihe  dilation  law.    The  more  accurate  method  already  referred  to  haa  to  a  lam 
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extent  supplied  the  deficiency,  and  in  the  caae  of  trichloracetic  acid  and  ortho- 
nitrobenzoic  acid  I  have  experimentallj  verified  the  validity  of  the  dilution  law 

^k.    An  account  of  these  investigations  will  be  given  in  the  'Journal 
of  the  Chemical  Society '  and  in  the  '  Zeitsch,  f.  pfaysik.  Chemie.' 


7.  On  the  Effect  of  Dilution  upon  the  Colours  of  Salt  Solutions  and  the 
Measurement  of  this  Effect.     By  Wyatt  W.  Randall,  PLD. 

The  vnriter  called  attention  to  the  conclusions  deduced  by  Ostwald  from  the 
hypothesis  of  electrolytic  dissociation  with  regard  to  the  source  of  the  colour  of 
salt  solutions,  and  to  the  work  of  Knoblauch,  Kriiss,  Traube,  Arrhenius,  Magna- 
nini,  Ostwald,  Wagner,  and  others  upon  this  subject.  The  experiments  and 
conclusions  of  Vernon  were  then  more  particularly  discussed,  to  show  the 
inaccuracy  which  the  author  believes  characterised  them.  A  drawing  was  then 
shown  of  an  apparatus,  through  the  use  of  which  the  author  hopes  to  be  able  to 
determine  with  comparative  accuracy  the  efi*ect  of  dilution  upon  the  colours  of 
salt  solution.  Since,  according  to  the  theory  of  electrolytic  dissociation,  the 
colour  of  a  salt  solution  is  due  to  the  presence  in  it  of  free  coloured  ions,  it  foUows 
that  with  increased  dissociation  the  colour  must  become  proportionally  more 
intense.  One  of  the  simplest  ways  to  produce  more  complete  dissociation  is  by 
dilution.  Hence  a  dilute  solution,  ceteris  paribus,  should,  in  proportion  to  the 
amount  of  salt  contained,  show  a  more  intense  colour  than  a  concentrated  one. 
In  the  apparatus  shown  the  author  examines  the  relative  length  of  column  of 
coloured  solutions  of  different  concentrations  which  show  the  same  intensity  of 
colour,  in  order  to  determine  whether  or  not  the  colour  remains  proportionid  to 
the  concentration.  Several  advantages  claimed  for  the  apparatus  were  pointed 
out.  It  is,  for  example,  so  arranged  that  the  light  transmitted  through  the 
stronger  solution  also  passes  through  a  column  of  water  equal  in  length  to  the 
difference  between  the  lengths  of  column  of  the  concentrated  and  the  dilute 
solutions.  By  ^s  means  any  error  due  to  the  colour,  &c,  of  the  water  of  the 
solutions  is  ]fresumably  eliminated.  The  tubes  through  which  the  light  is  trans- 
mitted are  silver-plated,  and  the  measurements  are  made  in  a  dark  room,  in  order 
that  all  error  due  to  diffused  light  may  be  removed. 

The  results,  so  far  as  they  have  gone,  indicate  that  the  colour  remains  practi- 
cally proportional  to  the  concentration,  whereas  in  the  solutions  examined  the 
dissociation  varied  in  amount  from  about  25  per  cent,  to  nearly  60  ner  cent.  The 
author,  however,  desires  his  results  thus  far  to  be  considered  as  merely  preliminary. 
The  behaviour  of  one  solution  examined  suggests  that  the  effect  produced  upon 
the  colour  by  varying  the  rate  of  dilution,  which-  Vernon  claims  to  have  noticed 
in  the  case  of  certain  compounds  of  chromium,  may  be  much  more  general  than 
that  investigator  imagined.  This  point  will  in  the  future  receive  special 
attention. 

8.  On  tlie  Distinction  between  Mixtures  and  Compounds. 
By  P.  J.  Hartoo,  B.Sc. 

The  distinction  between  mixtures  and  compounds,  as  it  is  now  understood, 
dates  from  the  controversy  between  fierthoUet  and  Proust  at  the  beginning  of  the 
century.  Most  text-books  state  that  Proust  showed  that  '  the  same  compound 
always  contains  the  same  elements  united  in  the  same  proportions/  and  imply  that 
the  statement  does  not  hold  good  for  '  the  same  mixture.'  Interpreted  uteiaUy, 
the  statement  is  a  mere  truism,  and  applies  equally  to  both  classes  of  substances.  By 
altering  its  form  somewhat  we  are  led  to  the  postulate :  *  Substances  in  other 
respects  alike  possess  the  same  quantitative  composition  *— -a  nostulate  daily  made 
use  of  in  the  laboratory,  though  it  is  not  to  be  found  in  the  text-books.    This 

rtttlate  waa  tacitly  accepted  by  Berthollet  as  well  as  Proust,  and  has  nothing  to 
with  the  disUnetion  sought  for;  we  see,  therefore,  that  the  points  at  issue 
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between  the  two  iDen  have  been  misrepresented.  The  acuthor  has  shown  ebe« 
where '  how  this  misrepresentation  has  arisen.  Pronst  was  unable  to  furnish  tiie 
experimental  distinction  between  compounds  and  mixtures  which  Berthollet 
demanded  again  and  again;  nor  until  lately  has  it  been  possible  to  establish  one. 
It  is  possible  that  such  a>)ne  ]!bay  be  based  on  the  recent  work  of  Raoult,  who  has 
shown  that  the  melting-point  of  a  pure  compound  is  always  lowered  and  its 
boiling-point  raised  'by  the  addition  of  a  smjeill  quantity  of  some  dissimilar  sub- 
stance. But  it  is  important  to  realise  that  a  satisfactory  experimental  diitinction 
is  still  a  desideratum,  and  that  the  only  definition  that  we  can  give  of  a  comj^und 
to  distinguish  it  from  a  mixture  is  a  theoretical  one  based  on  the  consideration  of 
molecules. 

9.  The  Atomic  Weight  of  Carbon.^    By  Professor  J.  A.  Wanklyn, 

Members  of  this  Section  who,  like  myself,  a  third  of  a  century  ago  were  at 
that  time  charoed  with  the  respomiibility  of  teaching  chemistiy  to  the  students  of  a 
University  will  have  a  lively  recollection  of  the  incidents  attendant  on  the  change 
of  notation  at  that  period.  The  controversies  of  that  day  evolved,  as  will  be 
remembered,  a  short  and  easy  method  of  arrivinii^  at  the  molecular  weight  of  a 
chemical  substance,  and  likewise  a  short  and  easy  method  of  finding  the  atomic 
weiffht  of  an  element. 

In  Kekuld's  words,  very  slightly  modified,  these  methods  were  as  follows : — 

'  Defining  etandard  volume  ^or,  as  it  was  called,  the  standard  two  volumes)  as 
that  volume  which  is  occupied  by  two  grammes  of  hydrogen  at  a  given  suitable 
temperature  and  pressure,  we  were  told  that,  if  we  would  know  the  molecular 
weight  of  any  chemical  substance,  we  must  ascertain  how  many  grammes  of  the 
substance  were  required  to  fill  the  standard  volume  with  the  vapour  of  the  sub< 
stance,  and  that  that  number  was  the  molecular  weight.  And  the  atomic  weight 
of  an  element  was  to  be  found  by  observing  what  was  the  very  least  quantity  of 
that  element  ever  entering  into  the  standard  volume  filled  with  a  compound 
of  that  dement/ 

Having  laid  down  the  law  much  in  that  style,  advocates  of  the  new  notation 
forthwith  proceeded  to  make  the  practical  application  by  noting  that  the  least 
number  of  grammes  of  carbon  ever  occurring  in  the  standard  volume  of  any 
carbon  compound  was  12 — ergo^  the  atomic  weight  of  carbon  is  12. 

It  was  at  the  same  time  incidentally  noted  that  in  all  those  cases  where  more 
than  12  grammes  of  carbon  was  found  in  the  standard  volume,  the  number  was 
either  24  or  36,  or  some  other  multiple  of  12.  And  so  the  matter  has  rested  until 
the  present  day. 

I  have  now  to  announce  that,  as  the  result  of  most  laborious  investigation 
carried  on  conjointly  with  mv  friend  and  colleague,  Mr.  Cooper,  there  exists  a 
multitude  of  carbon  compounds  wherein  the  quantity  of  carbon  in  the  standard 
volume  is  not  a  multiple  of  12,  but  is  a  multiple  of  6.  And  the  consequence 
follows  that  the  atomic  weight  of  carbon  is  6,  as  was  commonly  believed  by 
chemists  a  third  of  a  century  ago. 

10.  Popular  Method  for  tlie  Eatimaticn  of  Carbon  Dioxide  in  the  Air. 
By  J.  B.  Cohen,  Ph.D,^  and  G.  Applbtard,  Yorkshire  College. 

The  method  consists  in  determining  the  time  required  to  precipitate  the  lime  in 
dilute  lime  water  containing  an  insufficient  quantity  of  lime  to  unite  with  all  the 
COopresent. 

Pbenolphthalein  ia  used  as  indicator,  and  the  end  of  the  reaction  is  determined 
by  noting  the  point  at  which  the  liquid  becomes  decolourised. 

A  22-ounce  stoppered  bottle  is  used  with  10  cc.  of  lime  water  made  from 
saturated  lime  water,  diluted  100  times  with  diatiUed  water.    One-third  of  a  cc. 

>  JMwre,  Jane  14;  1894. 
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of  pheaolphthaleiD  solution  is  added,  which  is  prepared  by  dissolving  «2  grm.  of 
phenolphtaalein  in  100  c.c.  of  equal  volumes  of  aloohol  and  water. 

Time  Condition  of  the  Air 

Under  3  minutes  .        •        .        •        .        Bad 

Above  3  and  under  5        „ Fair 

Above  6        H  .        •        •        •        •        Good 


11.  On  the  Diffusion  of  very  Dilute  Solutions  of  Chlorine  and  Iodine. 
By  A.  P.  Laubik. 


TUESDAY,  AUGUST  14. 
The  follo^idng  Papers  and  Keport  were  read : — 

1.  Investigations  on  Tautomerism.     By  Professor  W.  J.  BbOhl. 


2.  On  Ortho-dinitroso  Derivatives  of  the  Aromatic  Series, 
By  Professor  E.  Nobltino,  JfuUiouse,  Alsace. 

In  a  paper  jointly  published  about  two  years  ago  bj  Messrs.  Grandmou^n, 
Michel,  and  myself,  the  fact  has  been  mentioned  that  ortho-nitrodiazobenzeneimide, 
upon  being  heated  with  water  or  distilled  with  steam,  evolved  nitrogen,  and  that 
£nally  a  new  body  fusing^  at  70°-71**  was  produced. 

A  recent  investigation  of  that  body,  undertaken  in  collaboration  with  Dr. 
Karl  Kohn,  has  proved  its  composition  to  agree  with  the  formula  C^H^N^O,,  and 
the  determination  of  its  molecular  weight  gave  numbers  corresponding  to  this 
simplest  formula  and  not  to  that  of  a  polymere. 

The  action  of  reducing  agents  resulted  in  the  formation  of  ortho-phenylene- 
diamine. 

These  facts  render  it  probable  that  the  new  body  is  ortho-dinitroso-benzene,  a 

Eara-isomere  of  which  had  already  been  made  known  by  Nietzki.  It  was  produced 
y  the  oxidation  of  para-quinone-dioxime.  The  analogous  oxidation  of  ortho- 
naphto-quinone-dioxime  into  the  corresponding^  ortho-dinitroso«compouDd  has, 
Aome  time  before  Nietzki,  been  carried  out  by  Ilinski.  This  oxidation  is  rendered 
evident  by  the  following  formula : — 


^"^KnOH  +  O  «  H,0  +  C..H.  NO 


Now  the  investigation  of  Mr.  Kohn  and  myself  on  the  products  of  decomposi- 
tion of  the  two  ortho-nitionaphtalenediazoimides 

I  ^N  NO,        „ 

/V/\no.  /\^.n/1 

^N 


\  obtained 
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ninski  has  proposed  for  his  compound  the  formula 

^N— O 

^N— O 


The  formula 


CiaH, 


< 


NO 


NO 


analogous  to  that  of  Bamherser^s  nitrosobenzene,  is  however  also  possible.  No 
conclusiTD  ar^i^ment  can  be  adduced  in  favour  of  either  of  them,  but,  beyond  all- 
doubt,  our  benzene  derivatives  must  have  the  same  constitution  as  Ilinski's 
naphthalene  compounds.    The  reaction  then  proceeds  according  to  the  equation 


C^. 


N 


N.       + 


Ortho-nitrodiazobenzenciinide 


a: 


Ortho-dioitrosobenzene 


A  convenient  method  of  obtaining  dinitroso  derivatives  from  the  corresponding- 
ortho-diazoimides  consists  in  heating  the  latter  in  a  solution  of  ^Ijcerine  at  tempera- 
tures ranging  from  about  100°  to  120°.  When  the  evolution  of  nitrogen  has 
ceased,  water  is  to  be  added  and  the  nitroso-compound  thus  precipitated  is  filtered 
off.  By  crystallisation  from  boiling  alcohol  it  may  be  easily  obtained  in  a  state  of 
perfect  punty. 

Ortho-dinitrosobenzene  crystallises  from  its  aqueous  solution  in  needle-shaped 
crystals,  from  alcohol  in  plates,  fusing  at  70°-71°.  It  is  sparingly  soluble  in  water, 
easQy  in  alcohol,  ether,  &c. 

It  sublimes  readily,  and  may  be  volatilised  in  a  current  of  steam.  The  odour  of 
its  vapour  is  slightl]^  irritatinff,  and  resembles  in  a  dilute  state  that  of  nitrobenzene. 

when  heated,  either  with  nitric  acid  of  66  per  cent,  on  the  water  bath,  or 
treated  with  concentrated  nitric  acid  at  <f  in  sulphuric  acid  solution,  it  yields  a 
mono-nitro  derivative,  crystaUising  in  yellow  needles ;  fusing-point  143°. 

This  mono-nitro  derivative  has  the  constitution 

NO 

Cr 

as,  hy  reduction,  it  yields  the  known  1.  2.  8,  triamidobenzene. 
We  have  also  obtained  an  isomeric  compound — 

NO 
^NO 


0 

KO, 
by  decompoaug  the  dimtrodiazobenzeneimide 


in  the  nme  maimer. 


N<ll 

NO, 
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Bj  the  same  procesB,  ortho-nitrotoluoldiazoimide 


^O, 


CH, 

vields  diniirosotoluene 

NO 

/\no 


CH, 
On  the  other  hand,  the  diazoimides 

n/ii  n/h 

1  ^N  I  NN 

CH.'^NO,         and     CH,/\nO, 

cii, 

in  v/hich.  a  metbylic  group  occupies  an  ortho-position  in  respect  of  the 

group,  have  hitherto  resisted  every  attempt  of  decomposition  by  heat,  from  some 
cause  yet  to  be  investigated. 


3.  On  (he  Formation  of  Indazol  Derivatives fr&in  Aromatic  DiazO'Compotinds. 
By  Professor  E.  Noeltino,  Mulhottsey  Alsace. 

Professor  Witt,  Dr.  Orandmougin,  and  myself  showed  a  few  years  ago  that  the 
diazo-derivative  of  nitro-orthotoyiidine,  fusing-point  107^ 

N=N-C1 

wlieu  heated  with  water,  not  only  yields  the  corresponding  nitrocresol 

OH 

0- 

but  in  about  equal  quantity  a  new  body,  which  we  proved  to  be  nitro-iadaiol, 

yv    I     >H 
'^  >CH'^ 


no; 


'  r 
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We  also  found  that  the  diazo-derivatives  of  1.  2.  4,  nitrotoluidine  and  1,  3.  4.  5, 
nitrcxvlidine 

NH,  NH, 

^  ^CH 


nr-       n 

\/  N0,\/ 


•< 


NO,  Ci 

did  not  undergo  a  similar  decomposition,  but  were  exclusively  transformed  in  the 
corresponding  phenols. 

In  collaboration  with  two  of  mj  pupils,  Messrs.  Lorber  and  Gurwitsch,  I  have 
studied  the  decomposition  of  the  diazo-compounds  of  several  other  nitrated  amines, 
containing  the  methylic  and  the  amido-groups  in  the  ortho-position. 

Some  of  them  yielded  indazols,  while  others  were  only  transformed  into 
phenols. 

The  indazol-yielding  nitro-derivatives  were 

NH,  NH,  NH,  NH,  NH, 

'  Br/\CH,     NO.'^.CH,      NO,/\cH,      NO,/\cH,      NO /\cH, 

Br  CH,  CH, 

I,  II.  III.  IV,  V. 

whilst 

NH,  NH,  NH, 

^H,  /\CH,  /NCH, 

I  and  I 

CH.'        NO,  CH."!  \/N^« 

NO,  CH, 

only  produced  phenols. 

In  the  case  of  I.,  II ,  and  IV.,  the  yield  of  indazol  was  a  very  large  one,  about 
00  per  cent. ;  III.  and  V.,  on  the  other  hand,  gave  more  phenol  than  indazol. 

Not  only  is  the  presence  of  the  nitro-group  advantageous  to  the  formation  of 
indazols,  but  also  the  halogens,  and,  in  some  measure,  the  sulpho-groups  act  in  the 
same  manner ;  for  instance,  the  diazo-compounds  of 

NH,  NH,  NH, 

Br/NCH,  Br/\CH,  .        Br  '^ 


Bi/\CH, 


and 

II  II 

\/  \/  ^ 

Br  CH,  Sa,H 

are  readily  transformed  ioto  the  corresponding  indazols,  and 

NH, 

so,h/\c«« 
so,h 

yields  about  30  to  40  per  cent. :  but 

NH, 

SO.HilNO, 
gives  only  the  nititxresol-sulpho  acid. 


4.  On  8ome  New  Colouring  Matters^    By  Dr^H,  Caro* 
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5.  On  the  Tarirar9enite$, 
,  By  O.  G.  HEimiRSOV,  D.Sc.^  M,A,^  and  A.  B.  Ewiko,  Ph.D. 

Araenioiu  oxide  diaBolves  readily  in  a  boiling  sdlation  of  sodium  Iiydio* 
D  tartrate,  and  on  concentration  and  cooling  a  componnd  of  the  formola 
S^H^O^ AsONa.  2i  Aa.  crystallifles  out  in  afrgregates  of  needlee  or  pnams.  The  salt 
18  ouite  stable  when  ary,  and  may  even  be  heated  for  several  hours  at  186^  without 
unaeigoing  further  change  than  loss  of  water  of  crystallisation.  It  has  a  sweetish, 
not  unpleasant  taste,  and  is  easily  soluble  in  water,  but  it  appears  to  be  deoompoeed 
slightly  by  a  large  excess  of  water.  It  crystallises  from  dilute  alcohol  in  colourless 
plates. 

The  corresponding  ammonium  salt,  C^H^O^AsONII^.  ^  Aq.,  which  is  prepared 
in  a  similar  way,  crystallises  in  small  glistening  needles  which  are  easily  soluble 
in  water.  The  crystals  effloresce  slowly,  and  appear  to  undergo  partial  decompo- 
ation  on  standing  for  some  time. 

The  potassium  salt  is  not  so  easily  prepared,  owing  to  its  instability  in  aqueous 
solution.  It  is  obtained  by  adding  arsenious  oxide  to  a  boiling  concentrated  solu- 
tion of  potassium  hydrogen  tartrate  so  long  as  it  dissolves,  nltering,  cooling  the 
filtrato,  and  then  adding  two  volumes  of  alcohol  to  it.  The  white,  finely  crystalline 
precipitate  which  is  formed  is  washed  with  alcohol  and  dried  on  «  porous  plate. 
Analyms  of  this  compound  gave  results  agreeing  fairly  well  with  the  formula 
C^H^OeAsOE.  Aq.  When  the  salt  is  treated  with  water,  even  in  the  cold,  it 
decomposes  into  arsenious  oxide  and  potassium  hydrogen  tartmte,  but  it  may  be 
recrystallised  from  dilntft  alcohol,  from  which  it  separates  in  long  needles^  Slight 
decomposition  occurs  in  this  case  also. 

When  a  dilute  solution  of  barium  chloride  is  mixed  with  a  dilute  solution  of 
the  sodium  salt,  delicate  glistening  needles  of  the  barium  salt  are  gradually  formed. 
It  has  the  formula  (O^H^O^AsO)^.  A(}.,  and  is  only  slightly  soluble  in  hot  water. 
It  is  decomposed  to  Bome  extent  oy  boihng  with  much  water.  The  corresponding 
strontium  and  calcium  salts  are  obtained  in  a  similar  way,  but  the  mixed  solutions 
are  boiled  for  a  short  time.  They  crystallise  in  small  shining  cubes,  apparently 
isomorphous,  and  are  more  soluble  than  the  barium  salt.  Other  compounds  of  thie 
series  have  not  yet  been  prepared. 

All  of  the  compounos  described  above  are  decomposed  by  excess  of  mineral 
acids,  with  liberation  of  arsenious  oxide.  If,  however,  the  salt  is  kept  in  excess,  a 
substance  is  obtained  in  solution  which  has  the  properties  of  an  acid,  but  which 
has  not  been  isolated  owing  to  its  instability.  When  the  barium  salt,  suspended 
in  water,  is  decomposed  b^  sulphuric  acid  (taking  care  to  keep  the  salt  in  excess), 
barium  sulphate  is  precipitated  and  a  clear  solution  is  obtained,  which  remaina 
unaltered  even  after  standing  for  several  weeks.  The  sofution  has  a  strong  acid 
reaction,  but  contains  no  free  sulphuric  acid,  and  with  hydrogen  sulpUde  it  gives  a 
copious  precipitate  of  arsenious  acid.  If  heated,  or  allowed  to  evaporate  spon- 
taneously over  sulphuric  acid,  or  mixed  with  alcohol,^  it  is  decomposed  into 
arsenious  oxide,  which  precipitates,  and  tartaric  acid,  which  remuns  in  solution. 
It  undergoes  the  some  cnange  at  once  if  a  drop  or  two  of  a  mineral  acid  is  added. 
It  decomposes  the  carbonates  of  the  alkalies  and  of  the  alkaline  earths,  carbon 
dioxide  being  evolved,  and  the  salts  described  above  being  formed.  A  quantitati^-e 
examination  of  the  solution  showed  that  it  contained  exactly  the  quantity  of 
arsenic  required  on  the  assumption  that  a  substance  of  the  formula  AsO^H^O^  wsc> 
present.  It  may  be  concluded,  therefore,  that  there  is  a  definite  compound  or  thi^ 
composition  in  the  solution,  and  that  it  is  stable  at  ordinary  temperatures  if  the 
solution  be  not  too  concentrated.  Taking  its  properties  into  account,  this  substance 

may  be  reg^arded  as  a  tartrarsenioua acid  As^qIt  ^  ^,  ue,,  as  a  derivative  of  the 

hypothetical  orthoarsenious  acid  As(0H)3,  and  tiie  compounds  described  above  may 
be  considered  to  be  the  salts  of  tartrarpenious  acid,  or  the  tartrarsenitea. 

Arsenic  acid  and  various  acid  oxides  likewise  appear  to  form  definite  compounds 
when  treated  with  the  acid  alkaline  salts  not  only  of  tartaric  acid  but  also  of  other 
organic  oxvacids,but  the  investigation  of  this  sul>ject  has  not  proceeded  &r  enough 
to  justify  the  publication  of  results. 
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^.  On  the  CamtUuiion  of  the  Acid  Amides. 
By  J.  B.  CoHBK,  Fh.D.^  Torkehire  CoUege. 

F6rmatim  of  the  AM  .^ImulM.— These  oompounda  are  usuallj  obtained  by 
three  xnethoda,  to  which  the  foUowing  equations  are  aaaigned : 

1.  BorH.NH,  +  RorH.OO^»BorH.NH.CO.RorH  +  H,0 

2.  RorH.NH,  +  R.COCl  =Ror  H.NH.CO.R  +Ha 

3.  RorH.NH,  +  RorH.0O,R-RorH.NH.GO.Ror  H  +  R.OH 

In  2  and  3  the  mode  of  formation  would  point  to  the  following  oonstittttbn  for 
the  add  amides^  which  until  recently  has  been  generally  accepted : 

R  or  H .  NH 

R  or  H .  C  :  O 

Carbonyl  formula. 

The  first  equation  might  be  construed  so  as  to  yield  a  body  of  the  constitution 

R  or  H .  N 

I 
R  or  H .  G .  OH 
Hydzoxyl  formnla. 

Derivatives  of  this  dass  have  actually  been  obtained  by  Pinner  and  others,  and 
termed  imido-ethers,  and  are  therefore  isomeric  with  derivatiyes  of  the  substances 
having  the  first  formula : 

H.N  H.N.R 

I  I 

R.C.OB  R.C:0 

Imido  ether.  Alkjl  amide. 

Evidence  upon  which  the  choice  of  formula  of  the  add  amide  itself  rests  is  of  a 
very  unsatisfactory  kind. 

The  action  of  cone.  HCl,  cone  NaOH,  POlj,  P^Oj,  or  Br  would  satisfy  dther 
formula. 

One  reaclion  appears  definitely  in  favour  of  the  carbonyl  formula,  whereas  there 
are  two  which  point  equally  distinctly  to  the  hydroxyl  formula. 

Oaustic  soda  and  sodium  ethykte  unite  with  a  ^w  add  amides  to  form  Na 
derivatives,  in  which  the  Na  may  be  replaced  by  an  alkyl  group  by  the  action  of 
alkyl  iodide,  and  yields  a  compound  in  which  the  new  group  is  undoubtedly  attached 
to  the  N  atom. 

H.N.R« 

R« .  C  :  0. 

On  the  other  hand,  many  add  amides  unite  with  silver  oxide  to  form  silver 
compounds  in  which  one  atom  of  H  is  replaced  by  Ag,  and  these  bodies  treated 
with  alkyl  iodide  yield  the  isomeric  imido-ethers. 

Beckmann*s  reaction,  which  consists  in  a  molecular  change  produced  by  PCl^. 
and  other  reagents  on  ketozimes  forming  isomeric  acid  amides,  points  at  least  to  the 
intermediate  formation  of  a  compound  of  the  hydroxyl  formula. 

Since  working  on  the  aromatic  amides  it  has  frequently  struck  me  as  curious 
that  of  the  series  formanilide,  acetaniiide,  &c.,  including  benzanilide  and  ozanilide, 
the  first — formanilide — should  possess  chemical  and  physical  properties  so  totally 
ditferent  from  the  others  of  the  series. 

Formanilide  crystallises  in  long  prisms  from  alcohol,  whereas  the  others,  includ- 
ing benzanilide,  form  glistening  plates  all  so  similar  in  appearance  that  it  would  be 
impossible  to  identify  them  by  their  exterior  alone.  Formanilide,  of  which  th» 
formula  is  usually  written  OeHgNH .  (X)H,  yields  with  NaOH  and  Ag^O,  Na  and 
Ag  compounds,  which  none  other  of  the  series  do.  This  evidently  points  to  a 
fundamental  difference  in  constitution. 

JRecent  Vietoe  on  the  Constitution  of  the  Acid  Afnides, — ^Tafel  and  Enoch  showed 
that  the  Ag  compound  of  benzamide  differs  from  the  Na  compound  by  the  hct 
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that  by  the  action  of  alkjl  iodides  the  fi>rm«r  jielded  the  imido-ether  and  the 
latter  the  iaomeric  alkyl  amide  thus: 

1.  C,H, .  C .  OAg  -k-  IC,H.=  C^H, .  C .  OC,H,+ Agl 

I  I 

KH  NH 

2.  C.H, .  0 .  NHNa  +  IC,H,  -  C,H» .  C .  NHC.H,  +  NaT 

I  I 

O  O 

and  Comstock  shortly  afterwards  showed  that  similar  reactions  occurred  in  the 
case  of  formanilide.  Formanilide  was  therefore  regarded  as  an  example  of  tanto- 
merism ;  a  Tiew  which  is  now  generally  held  in  regard  to  the  constitution  of  the 
acid  amides. 

Leaving  for  the  present  the  consideration  of  the  Na  compounds  of  the  amides, 
I  will  take  the  larger  class  of  acid  amides  in  which  an  atom  of  hydrogen  is 
replaceable  by  an  atom  of  Ag. 

The  following  form  Ag  compounds,  and  the  solids  crystallise  in  needles  or  prisms : 

H.CO.NHAg    .        .        .        .  .    Formamide. 


CHj.CO.NHAg 
CH,.CO.N(CH,)Ag 
CH,.CO.N(C,H,)Ag 
H.CO.NfC^JAg 

C.H,.CO.NHAg    . 

C,H,.CO.N(C^,)Ag 


Acetamide. 
Methyl  acetamide. 
Ethyl  acetamide. 
Formanilide. 
Benzamide. 
Sthyl  benxamide. 


The  following  do  not  form  Ag  compounds,  and  crystallise  in  plates  : 

CH,.CO.N(C«H.)H AoetanUide 

C,H..CO.N(O.H.)H Propionamlide 

C,H,.CO.N(C,H,)H Butyranilide 

C,H, .  CO .  N(0,H4)H Benzanilide 

(C,H,)HN.CO.OO.N(C.HJH        ....  OxaniUde 

In  order  to  account  for  the  different  properties  of  the  two  groups,  we  must 
fall  back  upon  Hantzsch's  researches  on  the  stereo-isomeiism  of  the  nitxogeD 
compounds. 

MantM$ch*s  Theory, — Hantzsch  has  shown  that  bodies  of  the  following  general 
formul89  exist  in  two  modifications : 

Anti  Syn 

1.  Aldoximes B'CH  B'C.H 

li  R 

N.OH       HO.N 

2.  Ketoximcs .    B'.C.B*  B'.C.R* 

il  II 

N.OH       HO.N 

8.  Diazobenzenes  .        «       •       .        •        .    B'.N  B'.N 

D  II 

N.OH        HO.N 

4.  Amidoazobenzenes B' .  N  B' .  N 

I  I 

N.NHB'  B'HN.N 

The  two  modifications  vary  in  stability  according  to  the  relative  attraction  of 
the  groups. 

The  lollowing  is  the  order  of  attraction  of  various  radicals  for  the  OH  group, 
according  to  HantzJKsh : 

CO,H .  CH, ;  00,H  ;  C.H,  ;  C.H,X  ;  C,H^  ;  Q»H^^.i ;  CH, 

The  first  attract  and  the  last  repel.    The  ftovm  C^H^  also  repels  NHR^ 

This  attraction  may  be  reversed  in  oertau  of  the  metallic  compooods  of  the 
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fint  three  ^n^upe,  and  bj  the  action  of  a  metallic  oxide  the  one  configuraUon  is 
converted  into  the  second  more  stable  one. 
Thus  NaOH  or  Na^OO,  convert 

C.H.C.H  into  C.H^C.H 

I)  0 

HO.N  N.OM' 

CfiJO  .  CH,  „  C-H.C .  OH, 

D  I 

HO.N  N.OM' 

C,H,.N  .,  C.H,N 

II  R 

HO.N  N.OM' 

Application  of  the  Theory  to  the  Acid  AnUdee. — S  appose  we  reverse  the  con- 
figurations 1  and  2,  we  get  a  formula  which  is  capaDie  of  forming  two  con- 
figurations : 

Svn  Anti 

B'N  B'N 

fl  n 

HO.C.H  HO. OH 

B'N  B'N 

II  I 

HO.C.B«  B'.C.OH 

These  formulae  will  fully  account  for  the  constitution  of  the  acid  amides. 

Before  proceeding  to  apply  the  theoi^,  I  will  assume  that  the  add  amides^ 
which  form  Ag  compound  and  crystaUise  in  prisms,  belong  to  the  *  anti,'  and  those 
which  do  not,  belong  to  the  *  syn '  configuration,  and  crystallise  in  plates.  We  can 
now  predict  which  of  the  acid  amides  belong  to  the  former  class  and  which  to  the 
latter  group. 

1.  All  the  acid  amides  derived  from  ammonia  or  fatty  amines  must  be  '  anti ' 
compounds  of  the  general  formula 

H  or  CnHaa-t^iN 

g 

H  or  CnHaa^i  or  0A*<^-  ^H 

2.  Bodies  derived  from  aromatic  amines  must  have  the  ' syn'  configuration: 

CAN 

n 

HO .  C .  H  or  CaHjB+i  or  C,H»,  &c. 

Formanilide  forms  the  only  exception.  This  substance  should  belong  to  Qroup 
2,  but  evidently  belongs  to  Group  1.  The  other  modification,  which  should  be 
easily  obtainable,  will  crystallise  in  plates,  and  will  not  form  an  Ag  compound 
without  reversal  into  the  '  anti '  form. 

In  anthranil,  oxindol,  and  hi^drocarbostvril,  we  have  inner  acid  amides  corre- 
eponding  to  the  first  three  anihdes.  In  these  compounds  it  is  obvious  that  the 
hydroxyl  group  must  occupythe  anti-configuration,  ana  should  unite  witii  silver  oxide 
and  crystallise  in  prisms.  This  is  the  case,  although  in  anthranil  the  Ag  compound 
rapidly  uudergoes  reduction : 

CA-N  CiH. ^N  C.H. N 

\ll  1        I  I  II 

C.OH  CHj.C.OH  CHj.CHj.C.OH 

Anthranil  Oxindol  Hydrocarbostyril 

The  same  prindple  may  be  applied  to  the  dosed  chuns  in  the  fiitty  compounds, 
which  should  £^ve  stable  Ag  compounds : 

CH,— N  CH^N 

Vc.OH  ^H<  II 

CH,-C.OH 
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It  alflo  accountB  for  caaes  of  isomeriBm,  such  as  the  two  succinamideB,  which 

will  probably  hare  the  oonfigurationa 

OHH  OH 

I      I  I 

CH^C  =  N  CH,— 0-N 

I 
and 


CH,— C-N 
OHH 


H 

CH,— C  =  N 

I      I 
OHH 


Formation  of  the  Sodium  Compounds, — In  the  couree  of  numerous  attempts  to 
f  repare  pure  Na  acetanUide,  one  experiment  gave  an  unexpected  result,  uid  it 
appears  to  me  not  onlj  to  bear  out  the  above  view  of  the  constitution  of  thes& 
bodies,  but  to  throw  some  light  on  the  formation  of  the  sodium  compounds. 

If  acetanilide  is  dissolved  in  dry  ether,  and  one  molecule  of  solid  sodium 
methvlate  is  added,  the  liquid  becomes  turbid,  and  a  compound  of  the  formula 
CJl5N.0(0H)0H,.0H,0Na  separates  out  in  needles.  The  two  molecules  are 
very  loosely  attached,  and  the  acetanilide  may  be  eaMly  dissolved  out  fttun  th» 
other  substance.    The  formation  of  this  compound  points  to  the  following : 

1 .  Acetanilide  is  an  unsaturated  compound. 

2.  The  formation  of  the  sodium  compounds  in  the  case  of  anti  compounds  is 
preceded  bv  the  formation  of  addition  compounds,  with  subsequent  loss  of  ene 
molecule  of  water,  thus: 

C.H^N  +  NaOH  «=  C,H.N  .  Na  »  C.H»N .  Na  +  H,0 

H.C.OH  "~^<^0H    H-C'^ 

The  experimental  part  of  the  work  has  been  carried  out  in  conjunction  with 
>Ir.  Archdeacon,  and  will  shortly  be  communicated  to  the  Chemical  society. 


Report  of  the  CommUtee  <m  the  Bibliography  of  Spectroscopy, 
See  Beportfl,  p.  161. 


WEDNSSDAY,  AUGUST  16. 

The  following  Reports  and  Papers  were  read: — 

1.  Report  of  the  Committee  on  ike  Action  of  Light  on  Dyed  Colours. 
See  Reports,  p.  238. 


2.  Report  of  the  Committee  on  Isomeric  Naphthalene  Derivatives, 
See  Reports,  p.  268. 


3.  A  Discussion  took  place  on  Dr.  J.  B.  Cohbn's  Paper  on  the  Constitution 
of  Acid  Amides. — See  p.  625. 


i.    On   Certain  Phenomena  occurring  during  tlie  Evaporation  of  Salt 
Solutions.     By  Dr.  W.  Meterhoffer,  Vienna. 

When  a  Polntion  is  partialljr  pvaporated  it  is  not  necessarily  the  case  that  the 
aolid  dissolved  Halts  uie  also  precipitated.    From  the  closer  examination  of  what 
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ocean  when  sucb  a  solution  is  eraporated,  the  four  followiog  cases  may  he  di/stin^ 
guished: 

(1)  Solutions  of  a  single  salt. 

(2)  Solutions  with  two  or  more  salts,  all  of  which  contfdn  the  same  acid 
or  basic  radical,  and  form  neither  double  salts  nor  isomorphous  mixtures. 

fS)  Two  salts  that  are  in  a  condition  to  form  a  double  salt. 
4)  So-called  '  reciprocal '  salts,  i.e.,  salts  wbich  can  be  formed  from  two  acid.^ 
and  two  bases. 

Cases  1  and  2  present  nothing  calling  for  special  notice.  In  the  case  of  8,  it 
is  shown  under  what  conditions  a  pure  double  salt  crystallises  out  of  Uie  solution. 
Similarly,  in  the  case  of  4,  instances  are  discussed  in  which  either  two  or  three  salts 
result  by  evaporation,  and  an  account  of  new  experiments  with  NH^Ol  +  NaNOj 
in  this  relation  is  given.  Lastly,  the  study  of  the  occurrences  which  are  discussed 
in  the  paper  is  recommended  in  respect  to  many  technical  processes,  and  the 
formation  of  natural  salts. 

5.  On  some  Derivatives  of  Camphene,    By  J.  E.  Marsh  and  J.  A.  Gabdner. 


6.  On  Fluorene  Diacetate. 
By  Professor  W.  R.  Hodokinson  and  A.  H.  Coote. 

In  some  previous  communications  to  the  Chemical  Society  by  one  of  us,  halogen 
and  other  derivatives  of  fluorene  have  been  described.  With  the  exception  of 
diphenylenketone,  there  is  no  derivative  in  which  it  is  for  certain  known  that  the 
methylenic  hydrogen  is  replaced.  When  solutions  of  fluorene,  dibenzyl  or  ace- 
naphtene  are  acted  upon  by  chlorine,  bromine^  &c.)  substitution  invaiiably  takes 
place  in  the  benzenoid  nucleus. 

From  the  results  of  some  experiments  made  by  one  of  us  on  the  sulphonates  of 
fluorene  and  acenaphtene  dissolved  in  strong  H^SG.,  it  appeared  probable  that  dry 
chlorine  might  act  upon  these  hydrocarbons  in  the  abeience  of  a  solvent,  and  perhaps 
at  some  high  temperature  in  a  similar  manner  to  its  action  on  toluene,  &c. 

Experiment  proved  this  to  be  the  case. 

The  hydrocarbons  were  dried  and  treated  with  very  dry  chlorine  at  the  ordinary 
room  temperature,  and  also  at  or  about  the  boiling-point  of  the  respective  hydro- 
carbons. Action  commenced  immediately,  and  a  tendency  was  noticed  for  the 
chloride  produced  to  distil  over  in  the  current  of  chlorine. 

The  action  is,  however,  not  quite  confined  to  the  methylenic  hydrogen,  for  the 
chlorides  first  produced  act  as  solvents  for  the  still  unacted-npon  fiuorene  or 
acenaphtene,  and  some  substitution  in  the  benzene  nucleus  takes  place.  The 
amount  of  this  can  be  reduced  by  letting  the  chlorine  act  ranidly. 

By  careful  distillation  under  reduced  pressure  it  is  possiole  to  efiect  a  partial 
separation.  A  better  plan  is  to  dissolve  in  absolute  alcohol,  and  fractionally 
orysiaUise  by  cooling  with  a  CO.  alcohol  bath. 

From  fiuorene  the  following  oodies  appear  to  be  produced : — 

I.  If.  III.  IV. 

CCl,  CHCi  CCl,  CCl, 

H4C,--b,H,  H,C,-C,H4         H,C,dl--b.H,Cl  H,(V~b.H,Cl 

Acenaphtene  is  converted  almost  entirely  into  a  dichloride.  None  of  the 
chlorinated  fiuorene  products  gives  diphenylenketone  when  oxidised  under  the 
same  conditions  as  produce  diphenylenketone  from  fiuorene. 

One  fraction  of  the  chlorinated  fiuorene  which  distilled  under  about  300  mm.  at 
320°  to  380®  0.  gave  29°-52  per  cent  CI ;  the  calculated  amount  for  CjjHgCl,  is 
30-23  per  cent. 

A  diacetate  was  prepared  from  this  by  digesting  with  alcoholic  potassium 
acetate.  On  analysis  this  gave  71*23  per  cent,  carbon  and  3*92  hydrogen— 0,,Hg. 
(CH,CO,)g  requires  72-8  0  and  4-9  H.  This  product  boiled  at  326°  to  330°  U.  at 
760  mm.  pressure.  .  .  . 
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A  large  quantity  of  the  crude  chlorioation  product  was  digested  with  acetate. 
From  the  result  several  bodies  have  been  separated  hy  firactional  distillation,  a 
comparatively  easy  process^  since  the  acetates  are  much  more  stable  than  the 
chlorides. 

A  fraction  at  832"  0.  gave  72*61  C  and  4*28  H.  Theiefore  nearly  pure  diacetate. 

We  have  some  proof  that  a  chlormonacetate  is  also  formed  as  well  as  some 
chlorinated  diacetates.  Of  these  we  have  isolated  one  product,  which  on  analjas 
gives  (I)  11-01  per  cent.  CI;  (II)  11-4  pr  cent.  01:  Ct^U^Cl{C^fii\  requires 
11*2  per  cent.  Cl.    It  melts  at  about  60"^  C. 

Aceuaphtene  diacetate  distils  at  about  290^  0.  and  melts  at  iff*. 

We  are  obtainiog  larger  quantities  of  these  acetates — fluorene,  acenaphteae,  and 
dibenzyl— in  order  to  study  them  further. 


7#  Interim  Report  of  live  Committee  to  inquire  into  the  Proximate  Chemical 
Conetittienta  of  the  varioue  kinds  of  Coal, — See*  iReports,  p.  246. 


8,  Interim  Report  of  the  Committee  on  the  Properties  of  Solutions, 


0,  Report  of  the  Committee  for  preparing  a  new  Series  of  Wave-length 
Tables  of  the  Spectra  of  the  Elements. — See  Reports,  p.  248. 
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SwmoN  C— GEOLOGY. 
Pbbbibent  of  thb  Sbciiov— L.  Fletgheb,  M.A.,  F.R.S.y  F.G.S. 


THURSDA  Y,  A  VQ  U8T  9. 
The  President  delWered  the  following  Addreas  :— 

With  an  anxioos  desire  to  conform  to  the  traditions  of  the  past,  I  have  sought  in  the 
Reports  of  the  Association  for  guidance  in  my  present  difficulty,  and,  doing  so,  have 
remarked  that  it  is  customary  for  a  president,  on  first  taking  ih»  Chair,  to  express 
a  deep  sense  of  unworthiness  for  the  position  to  which  he  has  heen  called.  My 
first  duty,  then,  seemed  a  simple  and  obvious  one;  till  I  further  remarked,  to  my 
.  dismay,that  the  more  able  and  distinguished  the  President  the  more  humble  have  been 
the  terms  in  which  such  expression  mis  been  made.  Hence  I  feel  that  it  may  appear 
to  you  presumptuous  on  my  part  if  I  myself  make  any  apology  at  all,  and  it  would 
doubtless  imply  a  claim  to  the  highest  ability  and  distinction  were  I  to  make  that 
humble  apology  which  would  be  really  appropriate  to  the  circumstances  of  the  case. 

Instead,  however,  of  dispenung  with  the  apology  altogether — ^that  might  be 
too  radical  an  innovation  to  be  introduced  this  year — I  propose,  with  your 
sanction,  to  make  a  lesser  change,  and  merely  to  dd!er  the  apology  from  the  first 
to*  the  last  day  of  our  session.  I  may  reasonably  hope  to  be  able,  at  that  Ister 
stage,  to  make  clear  to  you,  by  simple  reference  to  your  own  experience  during 
the  Meeting,  that  the  apology  I  shall  then  feel  it  my  duty  to  make  is  of  no  merely 
formal  character,  but  one  which  is  worthy  of  your  serious  consideration. 

I  would  ask  that  in  the  meantime  your  continuous  sympathy  be  extended  to 
one  who  now  finds  himself  in  a  position  he  would  haye  l!een  the  last  to  seek,  and 
whose  ordinary  duties  in  life  involye  speechless  communion  with  inanimate  Nature 
rather  than  oral  address  to  an  assembly  of  feUow-workers. 

This  matter  of  apologetic  precedent  being  thus  disposed  of  to  our  common 
satisfaction,  I  should  haye  pmerred  to  haye  brought  the  delay  of  the  normal 
business  of  the  Section  to  an  immediate  end  by  cauing  upon  the  author  of  the 
first  paper  to  now  address  you.  Such,  indeed,  was  the  ordinary  course  of  pro- 
cedure m  the  earlier,  and  perhaps  presidentially  happier,  years  of  the  Association ; 
but  the  occasion  of  taking  the  chair  haying  been  once  seized  upon,  in  absence 
of  mind,  by  a  mathematical  president  for  the  deliyery  of  an  address,  it  has  come 
about  that  each  president  now  feels  it  his  bounden  duty,  not  merely  to  give  an 
address,  but  to  make  that  address  at  least  as  long  and  at  least  as  elaborate  as  any 
which  has  preceded  it. 

We  shall  all  agree  that  a  presidential  address,  if  there  is  to  be  any  at  all, 
should  be  elaborately  short  and  elaborately  simple;  it  should  deed,  not  with 
tedmical  details  such  as  are  only  intelligible,  eyen  to  the  president  himself,  after 
much  study,  but  with  general  principles  such  as  can  be  immediately  grasped  by 
eyery  member  of  an  au<&ence :  an  opexuz^  address  which  is  so  long  that  it  can  oe  only 
IH&rtly  read,  and  is  written  to  be  studied  afterwards  in  the  Reports  of  the  Associa- 
tion, may  more  appropriately  be  issued  as  an  ordinary  memoir.  I  make^tl^s  rern^k 
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to  safe^ard  the  interests  of  future  audiences,  for  the  example  of  technicality  which 
I  am  now  about  to  set  is  one  which  I  cannot  recommend  mj  successors  to  follow. 

As  for  subject,  a  record  of  recent  scientific  progress  is  always  interest- 
ing and  instructive,  and  immediately  suggests  itself  as  the  natural  basis  of 
a  presidential  address.  But  seeing  that,  so  lately  as  in  February  last,  the 
geologists  have  had  the  advantage  of  an  address  from  the  retiring  president  of 
their  Society,  Mr.  Hudleston,  which  has  been  virtually  exhaustive  in  its  survey 
and  criticism  of  the  British  geological  work  of  the  last  seven  years,  the  time  has 
scarcely  yet  arrived  when  a  continuation  of  that  review  by  the  president  of  this 
Section  can  be  of  service  to  the  members  of  the  Association. 

For  this  and  other  still  more  weighty  reasons  which  I  need  not  directly 
mention,  I  feel  myself  debarred  from  undertaking  any  review  of  recent  geological 
discovery,  and  shall  therefore  ask  you  to  allow  me  to  confine  mysdf,  in  the 
remarks  it  is  my  duty  to  make,  to  a  science  which,  though  it  is  not  purely 
geological,  and  in  Uie  Reports  of  the  Association  has  long  been  associated  with 
the  science  of  another  Section,  Chemistry,  is  yet  very  closely  related  to  the  science 
of  our  own  Section,  Geology. 

I  trust  that  the  members  of  the  Section  of  Chemistry  and  Mineralogy  are  now 
so  dosely  engaged  in  another  place  that  they  will  fail  to  discover,  or  at  any  rate  to 
resent,  the  technical  trespass  on  their  own  domain :  as  for  yourselves,  you  will 
perhaps  be  more  ready  to  pardon  the  temporary  excursion  from  the  field  of  pure 
QeologT  if  I  remind  you  that  the  Fathers  of  the  Geological  Society  defined  tneir 
sole  obiect  to  be  'the  investigation  of  the  mineral  structure  of  the  Earth  ; '  and  I 
may  add,  if  further  defence  be  desired,  that  in  the  first  half  of  this  century  the 
relationship  of  Mineralogy  and  Geology  was  so  intimate  that  it  was  possible  for  a 
Section  of  the  British  Museum  to  be  long  officially  designated  '  the  Department  of 
Mineralogy,  includinjg  Geology.' 

I  was  the  more  impelled  to  choose  this  subject  for  our  consideration  to-day 
when  I  reflected  that  pure  Mineralogy  has  been  hitherto  almost  completely  out  of 
sight,  and  therefore  probably  out  of  mind,  at  the  Meetings  of  the  Association.  It 
is  true  that  at  the  first  Meeting,  held  sixty-three  years  ago,  Mr.  Whewell,  then  the 
Professor  of  Mineralogy  at  Cambridge,  was  invited  to  draw  up  a  report  on  the  state 
of  knowledge  of  the  science,  and  that  his  report  was  submitted  and  printed  in  the 
following  year.  But  in  the  course  of  the  sixty-three  years  during  which  the  Asso- 
ciation has  flourished,  it  has  chanced  that  a  devotee  of  pure  mineralogy  has  on  only 
one  occasion,  that  of  1862,  been  seated  in  a  presidential  chair ;  and  since  at  that 
time  presidential  addresses  had  not  jet  come  to  be  regarded  as  necessary  to  the 
existence  of  the  Sections,  Professor  Miller,  with  admirable  discretion,  refrained  from 
inflicting  a  mineralogicsl  dissertation  on  an  audience  which,  he  had  reason  to  pre- 
sume, must  consist  entirely,  or  almost  entirely,  of  chemists. 

Perhaps  you  might  be  tempted  to  think  that  the  want  of  prominence  of  the 
mineralogLsts  at  our  previous  Meetings  has  been  due  to  a  becoming  sense  of 
modesty  resulting  from  the  study  of  that  science :  this  would  be  a  mistake.  The 
fact  is  that  a  mineralogical  memoir,  dealing  lai^ly  with  numerical  quantities  and 
involving  mat  variety  of  experiment  and  technicality,  may  be  read  and  studied, 
but  ^ould  never  be  heard ;  like  the  mathematician,  the  mineralogist  despairs  of 
making  clear  to  an  audience,  especially  a  mixed  one,  the  bearing  of  any  researches 
which  have  been  made  in  his  subject.  But  now  that  sixty-two  years  have  elapsed 
since  the  issue  of  Professor  'WhewelPs  Beport,  the  time  has  perhaps  at  length 
arrived  when  it  is  advisable,  notwithstanding  the  difficulties  surrounding  an  oral 
treatment  of  Mineralogy,  to  attempt  to  give  to  the  Association  a  faint  idea  of  the 
present  position  of  the  study  of  the  subject.  And  if  most  of  my  hearers  find  that 
the  remarks  are  too  technical  to  be  in  any  great  part  intelligible,  let  them  console 
themselves  with  the  reflection  that,  if  the  future  at  all  resembles  the  past,  only 
Shalum  and  Hilpa  can  have  to  endure  again  that  particular  kind  of  mawms  quart 
tPhettre  which  is  to  precede  the  Geological  Feast  of  to-day. 


The  Systems  of  CrystaUuation, — At  the  time  of  the  publication  of  Professor 
Whewell^  Beport  it  had  already  been  established  by  the  researches  of  Rom6  de 
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rifilei  Haiiy,  Mobs,  and  WeiM  that  the  position  of  any  nngle  face  of  any  crystal 
can  be  exactly  defined  by  means  of  two  sets  of  quantities:  firstly,  three  lines  or 
axes,  of  which  the  lengths  and  mutual  inclinations  are  characteristic  of  the  substance 
itself;  secondly,  three  whole  numbers  or  indices,  rarely  rising  higher  in  magnitude 
than  the  number  6 ;  further,  an  empirical  arrangement  of  crystals  into  systems 
had  been  based  by  Mohs  and  Weiss  on  Uie  relative  lengths  and  inclinations  of  the 
axes.  And  a  long  series  of  observations  of  the  opticaJ  characters  of  crystals  had 
revealed  to  Brewster  the  fact  that  the  boundaries  or  the  classes  of  optically  isotropic, 
uniaxal  and  biaxal  crystals  form  part  of  the  boundaries  of  the  empirical  systems. 
But  whereas  only  three  optical  classes  of  crystals  had  been  recognised,  it  was  certain 
that  there  were  at  least  four  geometrical  systems,  and  it  was  a  matter  of  contro- 
versy as  to  whether  the  independence  of  two  others  should  not  be  regarded  as 
geometrically  established. 

The  first  important  discovery  following  the  issue  of  Whewell*s  Ileport  was  one 
which  proved  that  the  two  doubted  systems  are  natural  ones.  It  was  found  by 
Herschel  and  Neumann  that  the  biaxal  crystals  are  not  optically  similar,  as  had 
hitherto  been  supposed,  but  are  of  three  kinds.  In  crystals  of  one  kind — for 
example,  barytee — the  two  lines  bisecting  the  angle  of  the  optic  axes  internally  and 
extemallv,  and  a  third  Ime  perpendicular  to  both,  are  constant  in  direction  in  the 
ciystal  whatever  the  colour  of  the  light ;  in  a  second  kind — for  instance,  selenite — 
only  one  of  these  lines  is  constant  when  the  colour  varies ;  in  a  third  kind — for 
instance,  axinite--none  of  the  three  lines  has  anv  constancy  of  direction.  And  these 
three  kinds  of  biaxal  crystals  correspond  exactfy  in  their  facial  development  to  the 
three  systems  of  crystallisation  of  which  the  independence  had  already  been  asserted 
by  some  crystallographers  on  geometrical  groumls.  From  this  time  the  arrange- 
ment of  crystals  into  the  six  systems  has  b^n  regarded  as  a  natural  one ;  and  the 
optical  method  based  on  the  figures  seen  in  plates  when  examined  in  convergent 
polarised  light  has  been  in  constant  use,  and  is  an  invaluable  aid  in  the  determination 
of  the  system  of  crystallisation. 

Cry$taUographic  Notation, — ^For  a  simple  method  of  expressing  the  relative 
positions  of  crystal  faces  by  a  symbol,  crystallographers  are  infinitely  indebted  to 
the  late  Professor  Miller  of  Cambrid^.  The  symools  introduced  by  Mohs,  Weiss, 
L^vy,  Naumann,  and  the  modification  of  the  latter  suggested  by  Dana,  though 
interesting,  are  not  to  be  compared  for  legibility,  pronounceability,  or  utility  in 
calculation,  with  the  simple  symbol  which  is  associated  with  the  name  of  Professor 
Miller.  Though  the  symbol  was  not  invented  by  him,  he  was  the  one  who,  so  to 
say,  gave  it  life.  ^  He  discovered  and  made  known  its  many  advantages  ;  and  in 
his  Ireatise  published  in  1830 — a  treatise  which  is  a  masterpiece  of  mathematical 
terseness  and  simple  elegance — ^he  gave  the  methods  of  crystallographic  calcula- 
tion which  render  the  advantages  of  the  symbol  particularly  manifest.  It  may  be 
here  remarked  that  in  that  treatise  the  rationality  of  the  anharmonic  ratios  of  any 
four  tautozonal  planes  of  a  crystal  was  first  made  known,  and  the  property  was 
largely  used  in  the  simplification  of  the  methods  of  calculation :  the  fact  that  the 
fraction  was  of  the  kind  which  had  been  already  termed  an  anharmonic  ratio, 
however,  had  escaped  the  attention  of  the  author. 

But  the  change  of  a  method  of  notation,  like  a  change  in  a  system  of  weights 
and  measures,  involves  such  serious  practical  difficulties  that  many  years  passed 
away  before  the  MiUerian  symbol  received  abroad  the  consideration  which  it 
deserved.  Now,  at  last,  no  Continental  text-book  of  Mineralogy  fails  to  introduce 
the  MiUerian  indices,  even  if  the  symbols  of  L^vy  or  of  Naumann  are  given  in 
addition ;  and  it  is  evident  that  within  a  few  more  vears  the  mineralogist  will  be 
completely  relieved  from  the  tiresome  necessity  of  translating  each  crystalline 
symbol  into  another  form  to  make  it  intelligible  to  him,  and  the  student  will  be 
able  to  make  a  more  advantageous  use  of  the  time  which  has  been  hitherto 
devoted  to  acquiring  a  mastery  over  a  second  and  unnecessary  form  of  crystallo- 

Saphic  notation.  For  this  result  credit  is  largely  due  to  Professor  Groth  of 
unich,  whose  adoption  of  the  MiUerian  symbol  in  the  '  Zeitschrift  fur  Krystallo- 
graphie '  has  done  much  to  bring  home  its  advantages  to  the  foreign  worker.  It  is 
to  be  hoped  that  Professor  Groth  will  earn  the  further  gratitude  of  students  by 
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encouraging  the  adoption  of  the  true  Millerian  symbol  in  the  still  outstanding  ease 
of  the  luiomhohedral  System. 

BaUonaUty  of  Indtees  and  the  Law  of  Zones, — It  maj  here  be  pointed  out 
that,  although  the  importance  of  zones  for  the  simplification  of  CTystaOographic 
calculation  had  been  reco^ised  by  Weiss,  it  was  only  later  that  Neumann  proved 
that  the  fact  that  idl  possible  crystal  faces  can  be  derived  by  means  of  the  inter- 
section of  zones  is  a  necessary  consequence  of  the  rationality  of  the  indices ;  that, 
indeed,  the  law  of  zones  is  mathematically  identical  with  the  law  of  rationality. 
To  the  same  able  physicist  and  mathematician  we  owe  the  development  of  the 
method  of  stereographic  proiection  now  in  common  use  by  czystallographers  for 
the  representation  of  the  poles  of  crystal  faces. 

Symmetry, — We  have  said  that  the  recognition  of  six  systems  of  crystallisation 
was  a  result  of  consideration  of  the  lengths  and  mutual  inclinations  of  certain 
lines  called  axes.  Now,  it  had  long  ago  been  remarked  that  any  one  face  of  a 
crystal  is  accompanied  by  certain  others  similarly  related  to  the  geometrically 
similar  parts  of  what  may  be  regarded  as  a  fundamental  figure :  such  a  group  of 
concurrent  faces  is  called  a  simple  form.  It  came  to  be  recognised,  too,  that  all 
the  faces  of  such  a  form  can  be  geometrically  derived  from  any  one  of  them  by 
repetition,  according  to  certain  Taws  of  symmetry,  and  that  the  same  laws  of 
symmetry  are  binding  for  every  simple  form  or  combination  of  forms  exhibited  by 
crystals  of  the  same  substance.  Hence  it  came  to  be  perceived,  though  very 
slowly,  that  the  essential  difierenoes  of  the  systems  of  crystallisation  are  not  mere 
difierences  of  lengths  and  mutual  inclinations  of  lines  of  reference,  but  are  really 
differences  of  symmetry.  Ever  since  his  appointment  to  the  professorship  of 
Mineralogy  in  this  University,  now  thirty-eight  years  ago,  Mr.  Maskelyne  has 
been  persistent  in  directing  attention  to  the  importance  of  symmetry,  and  such 
importance  now  receives  universal  recognition. 

Thirty-two  Types  of  Symmetry  in  Crystals, — ^But  in  each  system  of  crystallisation 
it  becomes  necessary  to  reco^ise  both  completely  and  partially  symmetrical  types. 
In  the  latter,  the  symmetry  is  in  abeyance  relative  to  various  planes  or  lines  wmch 
in  other  crystals  of  the  same  system  are  active  as  planes  or  axes  of  symmetry.  But 
this  abeyance  of  symmetry  Js  itself  found  to  be  subject  to  a  law,  for  all  planes  or 
axes  of  symmetry  which  are  geometrically  similar  are  either  simultaneously  active 
or  simultaneously  in  abeyance.  By  means  of  this  law  relating  to  partial  symmetiy, 
it  has  been  inferred  that  altogether  thirty-two  types  of  symmetry  are  possible  m 
the  six  crystalline  systems. 

The  possible  existence  of  these  thirty-two  types  of  symmetry  of  crystals  is  thus 
an  induction  from  observation :  the  question  naturally  arises  as  to  why  only  these 
thirty-two  exist  or  are  inferred  by  analogy  to  be  possible.  Axes  of  symmetry  are 
observed  round  which  faces  of  crystals  are  symmetrically  repeated  by  twos  or  threes 
or  fours  or  sixes ;  why  is  it  that  in  crystals  no  axis  of  symmetry  is  ever  met  with 
round  which  the  faces  are  symmetrically  repeated  by  fives  or  sevens  P  A  few  words 
as  to  how  this  most  important  problem  has  been  attacked  and  solved  may  be  of 
interest. 

We  know  that  the  characters  of  a  crystal  relative  to  any  line  in  it  vary  with 
the  direction  of  the  line,  but  are  the  same  for  all  lines  parallel  to  each  other.  Such 
a  property  will  result  if  we  imagine  with  Bravais  that  in  a  crystal  elementary 
particles  are  arranged  at  equal  distances  from  each  other  along  every  line,  and  are 
similarly  arranged  in  all  those  lines  which  are  parallel  to  each  other ;  the  distances 
separating  particles  being,  however,  in  general  different  for  lines  which  are  inclined 
to  each  other.  Such  an  arrangement  of  particles  is  termed  parallelepipedal :  space 
may  be  imagined  to  be  completely  filled  with  equal  and  similarly  disposed  parallele- 
pipeds, and  an  elementary  particle  to  be  plac^  at  every  comer  or  quoin  of  each. 
F'urther,  each  particle  is  r^rded,  not  as  being  spherical,  but  as  having  different 
characters  on  its  different  sides ;  and  the  particles  must  be  similarly  orientated — ^that 
is,  have  similar  sides  in  similar  positions. 

Now,  it  will  be  seen  on  examination  of  a  model  or  figure  that  with  such  an 
arrangement  any  plane  containing  three  particles  will  contain  an  infinite  number, 
all  arranged  at  the  corners  of  pantllelograms.   Further,  any  such  plane  will  clearly 
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have  whole  nttxnbera  for  the  indices  which  fix  its  position,  for  along  any  line  the 
distance  between  two  particles  is  by  hypothesis  a  whole  multinle  of  the  common 
distance  between  any  two  adjacent  ones  in  the  same  line.  Thus  the  first  great 
crystallographic  law — the  law  of  the  rationality  of  the  indices — is  an  immediate 
consequence. 

In  the  next  i)lace,  it  was  found  that  the  possible  modes  of  flymmetxy  of  arrange- 
ment of  the  particles  of  such  a  system  depend  on  the  form  of  the  parallelepiped, 
and  that  any  possible  arrangement  of  the  particles  must  present  a  symmetry  which 
is  identical  with  one  or  other  of  the  six  completely  83rmmetrical  types  already 
referred  to.  And  calculation  shows  that  an^  other  mode  of  grouning— a  repetition 
by  fives  or  sevenSy  for  example — round  an  axis  of  symmetry,  would  inyolye  uie  pre- 
sence of  planes  having  irrational  indices;  and  tnis  accoiding  to  the  first  law  b 
impossible. 

The  abeyance  of  symmetry,  however,  met  with  in  the  partially  symmetrical 
types  required  the  aid  of  an  auxiliary  hypothesis — namely,  that  the  abeyance  of 
qrmmetry  belongs  to  the  particle  itself,  and  not  to  the  arrangement  of  the 
particles. 

But  the  parallelepipedal  arrangement  imagined  by  Bravab  is  unnecessarily 
special.  Our  actual  oDservations  of  physical  characters  relate  not  to  sinele  lines  of 
particles,  but  to  groups  of  parallel  lines  of  particles :  the  identity  of  character 
observed  in  parallel  directions  is  thus  not  necessarily  due  to  actual  identity  of  each 
line  with  its  neighbour,  but  may  be  due  to  statistical  equality,  an  equality  of 
averages.  If,  for  example,  a  plane  were  divided  into  regular  hexagons,  and  a 
partioe  were  placed  at  each  comer  of  each  of  these  figures,  the  physical  properties 
of  the  system  of  particles  would  be  the  same  along  all  lines  parallel  to  each  other 
as  far  as  experiment  could  decide,  and  yet  the  arrangement  of  the  particles  in  the 
plane,  though  possibly  crystalline,  is  not  that  of  a  Bravais  system.  In  anj  straight 
line  passing  along  the  sides  of  a  series  of  the  hexagons,  the  particles  will  not  be 
equioistant  from  each  other:  thejjr  are  in  equidistant  pairs,  and  the  two  nearest 
particles  of  adjacent  pairs  are  twice  as  far  from  each  other  as  the  particles  of  the 
same  pair. 

Sohncke  accordingly  suggested  a  more  ffeneral  definition  than  that  of  Bravais 
for  the»regularity  of  the  arranffement,  a  definition  which  had  been  proposed  some 
years  before  by  Wiener — namely,  that  the  grouping  relative  to  any  one  particle  \a 
identical  with  that  relative  to  any  other.  This  definition  admits  of  the  posttbility 
of  the  hexap>nal  arrangement  just  mentioned ;  further,  it  allows  of  the  orientation 
of  the  particles  themselves  being  difierent  in  adjacent  lines.  Following  a  matbe* 
maticai  process  which  had  been  already  em|>loyed  by  Jordan,  Sohncke  deduced  all 
the  possible  modes  of  ^uping  consistent  with  the  new  definition,  and  for  a  time 
was  under  the  impression  that  the  tjpes  of  symmetry  found  by  him  to  be  mathe- 
matically possible  are  exactly  identical  with  those  already  referred  to ;  and  this 
without  introducing  the  auxiliary  hypothesis  relative  to  partial  symmetry  of  the 
elementary  particles  of  merosym metrical  crystals,  except  in  cases  of  hemimorphism. 
It  was,  however,  ^inted  out  by  Wulfi*,  who  has  himself  made  yaluable  contri- 
butions to  the  subject,  that  though  no  unknown  crystallographic  type  belongs  to 
such  a  regular  arrangement,  one  type  of  symmetry,  that  presented  by  dioptase,  is 
missing ;  and  it  seems  that,  in  this  case  at  least,  the  merosymmetry  can  only  be 
accounted  for  by  the  merosymmetry  of  the  particle,  or  something  equivalent  to 
it,  if  the  definition  of  reffuhuity  sugsested  by  Sohncke  is  to  be  accepted.  It  was 
recognised  b^  Sohncke  that  each  of  his  point-systems  can  be  regaraed  as  a  com- 
posite Bravais  system,  one  of  the  latter  being  repeated  in  various  positions  corre- 
spondmg  with  the  symmetry  of  the  parallelepiped  itself. 

More  recently,  Sch()nfiies  has  made  a  more  general  hypothesis  still — ^namely, 
that  in  each  substance,  whether  its  crystals  be  completely  or  partially  symmetrical 
in  facial  development;  the  particles  are  not  of  a  single  land,  but  of  two  kinds, 
related  to  each  other  in  form  in  much  the  same  way  as  a  right-hand  glove  and  a 
left-hand  glove.  With  this  hypothesis  he  finds  that  all  the  thirty-two  Imown  typea 
are  accounted  for  without  any  specialisation  of  the  characters  of  the  particle,  and 
that  no  other  type  of  symmetry  is  mathematically  possible. 
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It  now  only  remained  to  discoTer  that  Professor  Hessel  had  already  arriTed  at 
the  thirty-two  types  of  crystallographic  symmetry  hy  mathematical  reasoning 
more  than  sixty  years  a^o  ;  his  work,  being  far  in  advance  of  his  time,  appears  to 
have  attracted  no  attention,  and  the  memoir  remained  unnoticed  till  moie  than  half 
a  century  after  its  publication. 

Startbg  from  Sohncke's  definition  of  a  regular  point-system,  and  proceeding, 
though  independently,  by  a  method  which  closely  resembles  that  of  the  regular 
partitioning  of  space  b^  Schonflies,  Mr.  William  Barlow  has  given  in  a  paper  just 
issued  a  general  definition  applicable  to  all  homogeneous  structures  whatever,  and 
has  shown  that  every  such  homogeneous  structure  falls  into  one  or  other  of  thirty- 
two  types  of  symmetry,  coinciding  exactly  with  the  thirty-two  types  of  crystal- 
symmetry.  He  points  out  that  eadi  of  those  homogeneous  structures  which  poesess 
planes  of  symmetry  or  centres  of  symmetry  does  so  by  reason  of  its  having  an 
additional  proj^rtv  beyond  mere  homogeneity,  namely,  that  if  we  disregard  mere 
orientation,  it  is  identical  with  its  own  ima^  in  a  mirror.  Mr.  Barlow  further 
discovers  that  every  one  of  the  Sohnckian  pomt-systems  can  be  geometrically  con- 
structed by  finite  repetition  of  some  one  of  a  certain  ten  of  them. 

Lord  Kelvin,  who,  with  characteristic  versatility,  has  lately  enlightened  us  with 
his  researches  on  Molecular  Tactics,  has  quite  recently  attacked  another  nroUem 
of  the  same  group,  and  has  sought  to  discover  the  most  general  form  of  cell  which 
shall  be  such  that  each  cell  encloses  a  single  point  of  a  Bravais  system,  while  all  the 
oells  resemble  the  parallelepipeds,  of  which  we  have  already  spoken,  in  being  equal, 
similar,  similarly  orientated,  and  in  completely  filling  up  space.  He  finds  that  in 
the  general  case  the  ceU  can  have  at  most  fourteen  walls,  which  may  be  themselves 
oither  plane  or  curved,  and  may  meet  in  edges  either  plane  or  curved.  Having 
regard,  however,  to  the  limited  time  at  our  disposal,  we  may  hesitate  before 
following  Lord  Kelvin  into  his  curious  and  many-walled  cell. 

The  deduction  of  the  thirty-two  types  of  symmetry  by  mathematical  reasofning 
was  also  made  independently  by  both  Gadolin  and  Viktor  von  Lang  thirty  years 
ago  from  the  law  of  rationality  of  indices ;  while  Fedorow  points  out  that  the 
method  of  deduction  recorded  in  the  recent  German  treatise  of  Schonfiies  is 
remarkably  similar  to  the  one  independently  published  by  himself  in  Rossia. 
Both  Curie  and  Minnigerode  have  also  lately  given  comparatively  brief  solutions 
of  the  problem. 

Nor  must  I  omit  to  mention  to  you  the  elaborate  memoir  dealing  with  the 
symme^  of  parallelepipedal  point-systems  which  was  written  hj  the  late  Pro- 
fessor Henry  Stephen  Smith,  whose  too  early  death  this  University  has  so  much 
reason  to  deplore.  To  the  outer  world  he  was  perhaps  best  known  as  one  of  the 
most  perfect  mathematicians  of  the  age,  but  those  who  had  the  good  fortune  to  find 
themselves  among  his  pupils  will  always  treasure  up  in  thdr  memory  rather  the 
kindly  courtesy,  the  warm  sympathy  of  the  man,  than  the  genius,  however  tran- 
scendent, of  the  mathematician. 

To  sum  up  this  part  of  the  subject — it  is  now  established  that  a  definition  of  the 
regularity  of  a  point-system  can  he  so  framed  that  thirty-two,  and  only  thirty-two, 
types  of  symmetry  are  mathematically  possible  in  a  regular  system,  and  that  these 
are  identical  witn  the  types  of  symmetry  that  have  been  actually  observed  in 
crystals,  or  are  inferred  by  analogy  to  be  crystallographically  possible. 

It  remains  for  subseauent  investigators  to  determine  what  the  points  of  the 
system  really  correspond  to  in  the  crystal ;  according  to  SchSnflies,  the  physicist 
and  the  chemist  can  be  allowed  in  each  crystal  absolute  control  within  a  definite 
elementary  region  of  space,  and  the  crystallographer  is  only  entitled  to  demand 
that  the  Matures  of  this  region  are  repeated  throughout  space  according  to  one  or 
other  of  the  thirty-two  types  of  symmetry  already  referred  to ;  or,  what  appears 
to  be  the  same  thing,  the  crystallographer  requires  mere  homogeneity  of  structure. 

Simplicity  qf  Indices, — We  have  seen  that  the  planes  containing  points  of  a 
regular  point-system  have  rational  indices.  But  there  still  remains  unaooounted 
for  the  remarkable  fact  that  the  indices  of  the  natural  limiting  faces,  and  also  of 
the  cleavage-planes  of  a  crystal,  are  not  merely  whole  numbers,  but  are  in  general 
extremely  simple  whole  numbers.  Bravais  and  his  followers  have  sought  to  account 
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for  this  by  the  hypotheeiB  that  both  the  natural  limiliDg  planes  and  the  deava^- 
planes  are  those  planes  of  a  point^jstem  which  are  most  densely  sprinkled  with 
points  of  the  system.  Curie  and  Liyeing,  independent! jr  of  each  other,  have  been 
led  to  the  same  result  from  considerations  relative  to  capillary  constants.  Sohncke, 
however,  pointing  out  that  there  are  many  cases — for  mstance,  calcite — ^where  an 
excellent  cleavage-plane  is  rarely  a  limiting  plane,  suggests  that  his  generalised 
point-fljstem  is  more  satisfactory  than  a  Bravais  system  in  that  not  only  the  density 
of  the  sprinkling  must  be  had  regard  to,  but  also  the  tangential  cohesion  of  the> 
particles  in  the  plane,  and  that  in  his  system  these  may  be  independent  of  each 
other ;  while  Wulif  remarks  that  Sohncke's  arrangement  is  identical  with  that  of 
Bravais  for  the  anorthic  system,  where  the  same  objection  holds,  and  he  denies  the* 
legitimacy  of  the  reasoning  b^  which  the  hypothesis  of  a  relation  between  the 
density  of  the  sprinklbg  of  points  on  a  plane  and  the  likelihood  of  the  natural 
occurrence  of  tbe  plane  as  a  limiting  face  is  supported. 

Complexity  of  Indices, — Doubtless,  however,  crystal  faces  are  observed  of  which 
the  symools  involve  indices  far  exceeding  6  in  magnitude — so  complex,  in  fact,  that 
one  is  tempted  to  doubt  the  rigidity  of  the  experimental  proof  that  indices  are 
necessarily  rational.  Often,  though  the  numbers  are  high,  thdr  ratios  difier  by- 
only  small  amounts  from  simple  ones.  A  most  patient  and  detailed  study  of  such 
faces  was  made  for  danburite  by  the  late  Dr.  Max  Schuster  of  Vienna,  and  the 
results  were  brought  by  him  some  years  ago  to  the  notice  of  this  Section.  From 
careful  examination  of  similar  faces  in  the  case  of  quartz,  Molengraaif  has  been 
led  to  conclude  that  it  is  extremely  probable  that  such  faces  are  of  secondair 
origin  and  have  been  the  result  of  etching :  they  would  in  such  case  correspond, 
not  to  original  limiting  planes,  but  to  directions  in  which  the  crystal  yields  most 
readily  to  solvent  or  decomposing  influences. 

Optical  Characters, — Passing  from  the  purely  geometrical  characters  of  crystals 
to  the  optical,  we  may  in  the  first  place  remark  that  the  relationship  between  crys- 
talline lorm  and  circular  polarisation  discovered  by  Herschel  in  the  case  of  quarts 
has  been  generalised  since  the  issue  of  Whewelrs  Report  We  now  know  that 
many  crystallised  substances  belonging  to  difierent  systems  give  circular  polarisa- 
tion, and  that  all  of  them  are  merosymmetrical  in  facial  development  or  structure; 
further,  they  belong  to  types  of  symmetry  which  have  a  common  feature,  though 
this  is  only  a  necessary,  not  a  sufficient,  condition. 

Tbe  importance  of  the  discovery  of  the  dinpersion  of  tbe  mean  lines  haa 
already  been  referred  to. 

We  may  recall  attention  to  the  fact  noticed  by  Norremberg,  that  when  cleavaffe- 
plates  of  biaxal  mica  are  crossed  in  pairs  and  the  pairs  are  piled  one  upon  another 
m  similar  positions,  the  optical  figure  yielded  by  the  combination  approaches  nearer 
and  nearer  to  that  of  a  uniaxal  crystal  the  thinner  the  plates  and  the  more  nume- 
rous the  pairs :  in  the  same  way,  by  means  of  triplets  of  plates,  each  plate  being 
turned  through  one-third  of  a  complete  revolution  from  the  position  of  tbe  preced- 
ing one,  Reusch  found  it  possible  to  closely  imitate  the  optical  figure  of  a  right- 
handed  or  a  left-handed  circularly  polarising  crystal. 

And  it  has  been  observed  that  repeated  combinations  of  differently  orientated 
parts  actually  occur  in  crystals.  Large  crystals  of  potassium  ferrocyanide,  for 
example,  are  really  composite,  and  the  different  parts  are  differently  orientated : 
on  the  one  hsud,  a  thicK  slice  may  give  an  optical  figure  which  is  uniaxal ;  on 
the  other  hand,  a  thin  slice  shows  two  optic  axes  inclined  to  each  other  at  a  con- 
siderable angle. 

It  has  been  suggested  that  the  circular  polarisation  of  quartz  and  other  crystals 
is  due  to  a  spiral  molecular  arrangement  corresponding  to  that  of  the  mica-triplets 
as  arranged  ny  Reusch.  Such  a  spiral  arrangement  is  shown  by  the  points  of  the 
corresponding  Sohnddan  system. 

Optical  Anomalies, — As  already  mentioned,  we  owe  to  Brewster  the  establish- 
ment of  the  relatioD  between  the  optical  behaviour  of  crystals  and  the  systems  of 
crystallisation.  But  in  the  course  of  his  long  research  Brewster  met  with  numerous 
puzzling  exceptions,  and  to  the  investigation  of  the  origin  of  their  peculiar  optical 
behaviour  he  devoted  much  study ;  subsequent  workers  have  concurred  in  express- 
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ing  their  admiration  of  tbe  accuracy  of  his  obseryations  and  deacriptionA,  more 
especially  when  regard  ia  had  to  the  extreme  simplicity  of  the  apparatua  available 
in  those  early  days. 

It  was  recognised  by  Brewster  that  some  of  these  optical  anomalies  are  due  to 
a  condition  of  strain  of  the  crystal,  as  in  the  case  of  the  diamond.  But  in  other 
minerals,  as  analcime  and  apophyllite,  the  hypothecs  of  strain  was  not  entertained 
by  him :  he  re^ptrded  the  crystals  as  being  f3^y  composite  and  not  simple ;  and, 
recognising  optically  different  kinds  of  apophyllite,  went  so  far  as  to  give  to  one  of 
them  the  specific  name  of  tesselite  by  reason  of  its  distinctive  characters.  Biot,  on 
tbe  other  hand,  sought  to  account  for  this  kind  of  optical  behaviour  in  another 
way,  by  tbe  hypothesis  of  lamellar  polarisation :  a  crystal  of  alum,  for  example,  he 
held  to  be  built  up  of  thin  laminsd  arranged  parallel  to  the  octahedral  planes,  and 
imagined  that  light  which  has  traversed  such  a  crystal  is  polarised  by  its  passage 
through  the  aggregation  of  lamin®  in  the  same  way  as  by  passage  through  a  pile 
of  glass  plates.  But  in  the  latter  case  there  is  a  freauent  paHsa^  of  the  light  from 
air  to  glass  and  glass  to  air,  whereas  in  the  case  of  alum  there  is  no  evidence  of  the 
existence  of  atmospheric  intervals.  Erankenheim  sought  to  overcome  this  diffi- 
culty by  the  further  hypothesis  that  the  successive  layers  of  a  composite  potassium- 
and  ammonium-alum  are  of  difierent  chemical  composition,  but  such  a  diflfeinence  of 
material  would  be  insufficient  for  the  desired  object  by  reason  of  the  nearness  to 
each  other  of  the  refractive  indices  of  alums  of  different  composition.  Still,  it  is  a 
remarkable  fact  that  neither  a  pure  potassium-alum  nor  a  pure  ammonium-alum 
ehows  any  depolarisation-effects  at  all ;  these  belong  only  to  tbe  alums  of  mixed 
composition,  and  yet  there  is  no  visible  difference  in  the  physical  structure  of  the 
crystals  of  simple  and  composite  material. 

An  epoch  was  made  in  the  history  of  the  so-called  optical  anomalies  by  the 
publication  in  1876  of  an  elaborate  memoir  by  Professor  Ernest  Mallard  of  Paris, 
whose  death  last  month  deprived  Mineralogy  of  its  greatest  philosopher.  To  make 
the  position  more  clear,  we  may  take  as  a  definite  illustration  the  mineral  boracite. 
In  development  of  faces  and  magnitude  of  angles  the  crystals  of  this  mineral  an*, 
as  far  as  measurement  with  the  goniometer  can  deeidLe,  precisely  cubic  in  their 
symmetry.  But  an  apparently  simple  crystal  of  boracite,  when  examined  in 
polarised  light,  behaves  exactly  like  a  regularly  composite  body.  If  the  oiystal  be 
a  rhombic  dodecahedron  in  external  development,  aU  the  twelve  pyramids  which 
can  be  formed  by  drawing  lines  from  the  centre  to  the  angular  points  are  found  to 
be  exactly  similar  to  eacli  other  in  evenrthinff  but  orientation ;  and,  further,  each  of 
them  has  tte  optical  characters  of  a  biaxfu  crystal,  the  optic  bisectrix  of  each 
individual  pyramid  being  perpendicular  to  the  corresponding  base,  and  thus  having 
a  different  direction  for  each  of  the  six  pairs  of  parallel  faces  of  the  dodecahedron. 
Hence  Mallard  inferred  that  boracite  belongs  really,  not  to  the  cubic,  but  to  the 
orthorhombic  system,  and  that  its  crystallographic  elements  are  so  nearly  those  of 
a  cubic  crystal  that  the  molecular  structure  is  m  stable  equilibrium,  not  only  when 
different  molecules  have  their  similar  lines  parallel,  but  also  when  only  approxi- 
mately similar  lines  have  the  same  orientation ;  further,  the  cubic  symmetry  of 
tbe  external  form  was  regarded  by  him  as  a  consequence  of  the  approximation  of 
the  crystallographic  elements  to  those  of  a  cubic  crystal  and  of  the  variety  of 
orientation  of  the  constituent  molecules.  Variety  of  orientation  of  constituent 
molecules  is,  in  fact,  already  recognised  in  the  case  of  ordinary  interpenetrant 
twins.  The  variatioD  of  optical  character  in  different  crystals  of  the  same 
substance  or  different  parts  of  the  same  crystal  was  then  explained  as  being  due 
to  the  variation  in  the  number  of  molecules  l>elonffiiig  to  each  mode  of  orientation. 

According  to  another  view,  it  was  contended  that  a  crystal  of  boracite  is  really 
cubic  and  simple,  but  that,  like  unannealed  glass,  it  is  in  a  state  of  strain  related 
to  the  external  form.  It  was  replied  tnat  the  optical  characters  of  such 
unannealed  glaas  are  changed  with  the  change  of  strain  which  follows  the  fracture 
of  the  specimen,  while  those  of  boracite  are  unaltered  when  the  crystal  is  broken. 
To  this  It  was  rejoined  that  a  once  compressed  gum  retains  its  depolarising  cha- 
racter unchanged  on  fracture  of  the  specimen,  and  that  the  same  permanence  may 
very  well  be  a  character  of  some  strained  cxystallised  bodies. 
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The  controTsray,  however,  paaeed  to  a  fresh  stage  when  it  was  diaoovereSl  that 
boracite  becomes  optically  isotropic  when  sufficiently  heated,  and  resumes  an 
optically  composite  character  on  coolinf^.  Mallard  showed  that  the  temperature  at 
which  the  change  takes  place  is  a  definite  one,  265^  C,  and  that  a  defimte  amount 
of  heat  is  absorbed  pr  given  out  during  the  change  of  condition. 

It  is  now  agreed  that  boracite  is  really  dimorphous ;  that  above  266^  it  is  cubic 
in  symmetry,  below  265^  orthorhombic :  the  only  remaining  point  of  controversy 
as  regards  boracite  seems  to  be  whether  the  external  form  owes  its  cubic  symmetry 
to  the  crystallisation  having  taken  nlace  at  a  temperature  h%her  than  265^,  and 
therefore  when  the  structure  itseli  was  truly  cubic,  or  at  a  temperature  below 
266°,  in  which  case  the  cubic  character  of  the  form  would  be  ascribed  to  the  fact 
that  the  orthorhombic  constituent  particles  are  so  nearly  cubic  in  tiieir  dimensions 
that  at  any  temperature  they  may  by  variety  of  orientation  combine  to  form  a 
structure  having  practically  cubic  symmetzy,  and  naturally  limiting  itself  by  faces 
corresponding  to  such  a  symmetry. 

In  exactly  the  same  way  leucite  and  tridymite  become  respectively  optically 
isotropic  and  uniaxal  when  sufficiently  heated,  and  the  optical  characters  iJ^en 
correspond  exactly  to  the  symmetry  of  the  external  form. 

Three  years  ago  Dr.  Brauns  prepared  a  most  useful  summary  of  the  ninety-four 
memoirs  which  had  up  to  that  time  been  contributed  relative  to  the  much-dis- 
cussed subject  of  the  optical  anomalies  of  crystals,  and  added  many  new  experi- 
mental results  which  had  been  obtained  by  himself.  He  concludes  that  the 
original  view  of  Mallard — ^namely,  that  an  optically  anomalous  structure  consists 
merely  of  differently  orientated  particles  of  the  same  kind  and  of  symmetry 
approximating  to  a  higher  type — is  only  applicable  to  a  very  limited  number  of 
crystals,  such  as  those  of  prdmite ;  that  dimorphism  is  the  true  cause  in  others, 
boracite  bemg  an  example ;  that  in  the  remaining  minerals  the  cause  is  strain, 
which  in  some  of  them  is  due  to  foreign  enclosures,  as  in  the  case  of  the  diamond, 
and  in  others  is  due  to  a  molecular  action  between  isomorphous  substances,  as  in 
the  mixed  alums  and  the  garnets. 

FUsnei  of  Olidmg, — One  of  the  most  startUng  of  crystallographic  discoveries 
was  one  made  by  Reusch,  who  found  that  if  a  crystal  oi  caldte  is  compressed  in  a 
certain  way  each  particle  springs  into  a  new  but  definite  position,  exactly  as  if  the 
crystal  had  undergone  a  simple  shear  and  the  particles  at  the  same  time  had  each 
described  a  semi-somersault:  a  simpler  method  of  producing  the  same  result  was 
discovered  afterwurds  by  Baumhauer.  If  only  part  of  the  calcite  crystal  is  sheared, 
the  two  parts  of  the  structure  itself  are  related  to  each  other  in  the  same  way  as 
the  two  parts  of  a  twin  growth ;  but  in  general  the  external  form  is  different  from 
that  of  a  twin,  since  after  the  shearing  of  the  material  few  of  the  faces  retain  their 
former  crystallographic  signification.  The  property  has  since  been  shown  by  Bauer, 
Liebiach,  and  more  especially  Miigge,  to  be  a  very  general  one ;  and  doubtless  the 
so-called  twin  lamellaB  met  with  in  rock-constituents  have  in  many  cases  resulted 
from  pressure  during  earth-movements  long  subsequent  to  the  epoch  of  formation 
of  the  crystals.  Similar  lamelloe  have  been  produced  artificially  in  anhydrite  and 
some  kinds  of  felspar  hv  exposure  of  the  crystals  to  a  high  temperature. 

Pieeo-electricity. — ^The  most  remarkable  addition  to  our  knowledge  of  the 
relation  of  minerals  and  electricity  has  been  the  recent  discovery  of  the  electrifica- 
tion produced  by  strain  ^piezo-electricity).  It  has  been  shown  by  J.  and  P.  Curie 
that  if  a  quartz-plate,  with  faces  cut  parallel  to  the  axis  and  silvered  to  make  them 
conductive,  be  strained  in  a  certain  direction,  the  two  faces  either  become  oppositely 
electrified  or  show  no  signs  of  electrification  at  all,  according  as  the  faces  of  the 
plate  are  cut  to  be  perpendicular  to  the  prism»&ces,  or  to  pass  through  the  prism- 
edges.  Lord  Kelvin  says  that  this  result  is  explicable  by  electric  eolotropy  of  the 
molecule  and  by  nothing  else,  a  character  whicn  he  had  suggested  for  the  molecule 
thirty-four  years  ago :  experiments  confirmatory  of  this  hypothesis  of  the  permanent 
electrification  of  the  molecule  were  made  some  time  ago  by  Riecke. 

Pyro^lectridty, — ^The  development  of  opposite  electricities  at  different  parts  of 
a  crystal  during  diangirg  temperature  (pyro-electricity)  has  long  been  known  in 
the  case  of  tourmaline.    We  owe  to  Hankel  a  long  series  of  investigatiDns  of  this 
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kind  relative  to  boraeite,  topai,  and  Tarioua  other  mineraliiy  but  it  seems  to  be  now 
established  that  most  of  the  electrificatiaDS  observed  by  means  of  his  method  are 
reidly  piezo-electric,  and  are  due  to  strains  caused  bv  inequality  of  temperature  in 
difierent  parte  of  the  cooling  crystaL  A  model  has  been  lately  made  by  Lord 
Kelvin  wnich  gives  a  perfect  mechanical  representation  of  the  elasticity,  the  piezo- 
electricity, and  also  the  pyro-electricity  of  a  crystal. 

Electrical  Methods. — A  delightfully  simple  method  of  investigattng  the 
difference  of  electrical  condition  of  the  plurts  ota  cooling  crystal  and  of  making  the 
distribution  of  electricity  visible  to  the  eye  has  been  invented  by  Kundt  Mixed 
particles  of  (red)  minium  and  (yellow)  sulphur  are  oppositely  electrified  by  their 
passage  through  the  meshes  of  a  small  sieve;  falling  on  the  cooling  crystal,  each 
partide  adheres  to  the  oppositely  electrified  region,  and  the  electrical  condition  of 
the  latter  is  thus  immediately  indicated  by  the  colour  of  the  adherent  powder. 
Mr.  Miers  remarks  that  this  method  is  practically  useful  as  a  means  of  discrimina- 
tion even  when  the  crystals  are  extremely  minute. 

Other  Physical  Characters, — Of  other  physical  characters  much  studied  since 
the  issue  of  WhewelFs  Report,  I  may  recsJl  to  you  more  especially  the  dilatation 
of  crystals  on  change  of  temperature,  in  which  the  obser\'ations  of  Mitscherlich 
have  been  extended  by  Fizeau  and  Beckenkamp;  the  forms  of  the  isothermal 
surfaces  of  crystals,  as  determined  by  S^narmont,  and  afterwards  by  RSntgen;  the 
magnetic  induction  treated  of  by  Faraday,  Lord  Kelvin,  PlUcker,  and  Tyndall ; 
the  hardness  of  crystals  for  different  directions  lying  in  the  same  faces,  by  Ghrailich* 
Pekarek,  and  Exner ;  the  elasticity  of  crystals,  investigated  by  Neumann,  Lord 
Kelvin,  Voigt,  Baumgarten,  and  Koch ;  the  distortion  of  crystals  in  an  electro- 
magnetic  field,  by  Kundt,  Rontgen,  and  MM.  Curie. 

Chemical  Relations, — In  the  short  time  I  can  reasonabljr  ask  you  to  allow  me 
it  is  clearly  impossible  to  enter  upon  any  discussion  of  the  mcrease  of  our  know- 
led^  of  the  chemical  relations  of  minerals,  and  to  treat  of  the  much-investigated 
subjects — isomorphism,  polymorphism,  and  morphotropy ;  nor  can  I  attempt  to  ^ve 
you  any  idea  of  the  advance  which  has  been  msde  towards  a  natural  classification : 
nor  must  I  mention  the  experiments  whidi  have  been  made  relative  to  the  growth 
of  crystals,  the  etching  of  tbeir  faces,  or  their  directions  of  easiest  solution. 

Systematic  MinercUogy, — \m  regards  systematic  mineralogy  an  immense  amount 
of  progress  has  been  made.  The  condition  of  affairs  in  1832  was  described  by  Whewell 
as  ToUows : — '  We  have  very  few  minerals  of  which  the  chemical  constitution  is  not 
liable  to  some  dispute ;  scarcely  a  single  species  of  which  the  rules  and  limits  are 
known,  or  in  which  two  different  analyses  taken  at  random  miffht  not  lead  to 
different  formules ;  and  no  system  of  classification  which  has  obtained  general  accep- 
tation or  is  maintained,  even  by  its  proposer,  to  be  free  from  gross  anomaliea.'  An 
idea  of  the  extent  of  the  improvement  will  be  best  obtained  from  a  comparison  of 
the  first  edition  of  Dana's  Treatise,  published  in  1887,  and  that  treasury  of  infor- 
mation, the  sixth  edition,  which  appeared  in  1892.  The  names  of  Miller  and 
Descloizeaux  are  to  be  honourably  mentioned  in  connection  with  this  detailed 
work  on  species.  In  the  interval  of  time  under  consideration  the  number  of  well- 
establishea  species  has  been  more  than  doubled,  and  the  rate  at  which  new  epectea 
are  discovered  shows  as  yet  no  sign  of  diminution.  In  particular,  I  may  remind 
you  of  the  work  which  has  been  done  in  the  correlation  of  the  members  of  large 
groups,  like  the  felspars,  amphiboles,  pyroxenes,  scapolites,  micas,  tourmalines,  and 
garnets.  A  paper  just  published  by  Penfield  relative  to  topaz  furnishes  an 
excellent  illustration  of  the  important  results  which  are  still  to  be  arrived  at  from 
a  careful  study  of  a  common  mineral.  It  has  long  been  known  that  the  mutual 
inclination  of  the  optic  axes  of  topaz  is  very  different  in  difierent  specimens,  and  it 
has  been  suspected  that  the  variation  m\g\i%  depend  on  the  percentage  of  fluorine. 
Professor  Penfield  has  carefully  determined,  not  only  the  fluorine,  but  also  the 
water  yielded  in  the  course  of  analysis  of  specimens  from  different  localities,  and 
finds  that  the  analytical  results  are  best  explained  by  the  hypothesis  of  sn  iso- 
morphous  replacement  of  fluorine  by  hydroxyl;  further,  he  discovers  that  the 
msffuitude  of  the  angle  between  the  optic  axes  is  a  function  of  the  amount  of  that 
repkcement 
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The  successes  acliieyed  in  the  artificial  formation  of  minerals,  the  advances 
made  in  the  methods  of  discrimination  of  minerals  hj  the  blowpipe  and  miczo- 
ehemical  reactions,  the  increase  in  our  knowledge  of  the  modes  of  alteration  of 
minerals,  of  their  association,  of  their  modes  of  occurrence,  must  all  be  left 
undiscussed. 

Irutruments. — ^I  may  add  a  word  relative  to  the  instrumental  appliances  which 
have  been  placed  at  the  service  of  the  mineralogist  since  the  issue  of  Wheweirs 
Report.  As  regards  goniometers,  the  provision  of  two  mechanical  circular  move- 
ments in  perpendiculu^  planes  for  the  easier  adjustment  of  a  crystal-edge  parallel 
to  the  axis  of  the  instrument,  first  suggested  by  Viktor  von  Lang  when  assistant 
at  the  British  Museum,  has  proved  a  great  convenience  and  is  now  in  general  use. 
The  employment  of  a  collimator  with  interchangeable  signals,  of  a  telescope  with 
interchangeable  eyepieces,  and  the  provision  of  lenses  and  dianhragms  for  obtaining 
images  from  faces  so  small  as  to  be  invisible  to  the  unassisted  eye,  would  seem  to 
have  brought  the  reflective  goniometer,  the  invention  of  our  distinguished  country- 
man Dr.  WoUaston,  to  a  degree  of  perfection  where  further  improvement  is  scarcely 
to  be  looked  for ;  though  two  crystallographers,  Fedorow  and  Goldschmidt,  have 
recently  constructed  instruments  with  an  additional  telescope  and  entirely  ditferent 
arrangements.  It  may  be  worthy  of  remark  that,  though  reflective  goniometers  are 
.  generally  made  for  use  with  very  small  specimens,  one  was  constructed  for  the  British 
Museum  some  years  ago  bv  which  it  is  possible  to  measure  the  angles  of  a  valuable 
crystal  without  removal  of  the  specimen  from  a  matrix  of  several  pounds'  weight. 

The  polariscope  for  use  with  convergent  light,  the  stauroscope,  the  employment 
of  polarised  light  with  the  microscope,  the  adaptation  of  the  microscope  for  the 
observation  of  the  interference-figures  yielded  by  extremely  mioute  crystals,  the 
spectroscope  in  the  investigation  of  selective  absorption,  have  all  proved  of  great 
service  in  the  advancement  of  our  knowledge  of  the  characters  of  minerals. 

Worthy  of  special  mention  is  that  recent  addition  to  our  resources,  the  total 
reflectometer,  an  instrument  by  which  it  is  possible  to  determine  with  wonderful 
accuracy  the  refractive  index  or  indices  from  observation  of  the  reflected  light. 
The  process  was  long  a^  suggested  by  Wollaston ;  but  it  is  only  within  the  last 
few  years  that  forms  of  instrument  have  been  devised  by  Kohlrausch,  Soret,  Lie- 
bisch,  Pulfi'ich,  and  Abbe,  which  make  the  method  as  precise  in  its  results  as  that 
which  depends  on  refraction  by  a  prism.  In  its  more  refined  forms  the  total 
reflectometer  has  been  used  to  test  the  accuracy  of  the  form  of  FresneVs  wave- 
surface  :  in  the  convenient,  though  less  precise,  form  devised  by  Bertrand,  the 
instrument  is  useful  in  the  discrimmation  of  the  species  of  minerals. 

For  the  measurement  of  the  optic  axal  angle,  when  the  angle  is  so  large  that 
the  rays  corresponding  to  the  optic  axes  are  totally  reflected  at  the  surface  of  the 
plate  and  do  not  emerge  into  air  from  the  crystal,  Professor  W.  G.  Adams 
made  the  valuable  suggestion  that  the  crystal-plate  should  be  interposed  between 
two  hemispheres  of  glass ;  several  instruments  on  this  principle  have  been  oon- 
etmcted  abroad,  and  have  only  been  imperfectly  satisfactory,  but  one  lately  made 
in  this  country  for  the  British  Museum,  under  the  superintendence  of  my  excellent 
colleague  Mr.  Miers,  proves  to  be  most  efficient  for  the  intended  purpose.  Mr. 
Tutton's  apparatus  for  supplying  monochromatic  light  of  any  desired  wave-length 
is  a  noteworthy  addition  to  the  instrumental  resources  of  the  mineralogist  The 
meldometer  of  Joly  for  the  more  accurate  determination  of  the  fusing  point  of 
minerals  should  also  be  recalled  to  you. 


In  this  slight  sketch  it  has  been  possible  to  moke  only  the  barest  mention  of 
some  of  the  more  important  results  which  have  been  arrived  at  since  the  issue  of 
Whewell's  Report.  You  will  doubtless  tJiink  that  it  must  have  been  possible  in 
the  year  1832  to  look  forward  enthusiastically  to  the  progress  which  was  about  to 
be  made.  But  though  Professor  AV  he  well  was  himself  confident  that  valuable 
discoveries  would  reward  the  mineralogical  worker,  he  was  sadly  depressdd,  and, 
I  think  I  may  venture  to  say,  with  good  reason,  by  the  neglect  of  mineralogical 
study  in  this  country.  His  own  words  are :  '  This  decided  check  in  the  progress  of 
the  8ci<»nce  has,  I  think,  without  question,  very  much  damped  the  interest  with  whicii 
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MlnenlogT,  as  a  branch  of  Natural  Philosophy,  has  been  looked  upon  in  England. 
Indoed,  this  feeling  appears  to  have  gone  so  Jar  that  all  the  general  questions  of 
the  science  excite  witn  us  scarcely  any  notice  whatever.  But  a  more  forward 
and  hopeful  spirit  appears  to  have  prevailed  for  some  time  iu  other  conntries, 
especially  Sweden,  Germany,  and  more  recently  France/  Those  are  the  worda 
of  despair  of  the  future  of  british  Mineralogy.  I  may  add  that  in  the  same  year 
he  resigned  Ids  professorship  of  Mineralogy,  and  directed  his  vast  energy  to  the 
advancement  of  other  subjects ;  many  of  you  will  remember  that  he  afterwards 
became  Professor  of  Moral  Philosophy  and  Master  of  Trinity  College,  Cambridge. 

Now,  I  think  that  a  country  like  our  own,  which  aims  at  taking  and  maintain* 
ing  a  high  place  iu  the  scale  of  civilisation,  ought  in  some  way  or  other  to  secure 
that  in  every  important  branch  of  learning  there  is  a  group  of  men  in  the  country 
who  will  make  it  the  main  purpose  of  their  lives  to  render  themselves  familisir 
with  all  that  has  been  and  is  being  discovered  in  the  subject,  will  do  whatever  is 
possible  to  fill  up  tho  gaps  in  the  science,  and,  last  but  not  least,  will  make  the 
more  important  results  accessible  to  other  workers  for  whom  so  complete  and 
original  a  survey  is  impracticable. 

No  one  will  doubt  that  Mineralogy  should  be  such  an  important  branch  of  learning. 
Minerals  existed  before  man  was  thrust  upon  the  scene ;  they  will  possibly  con- 
tinue to  exist  long  after  he  himself  has  passed  away :  at  least  as  persbtent  as 
himself,  they  will  have  an  interest  for  every  age. 

The  Continental  nations  have  not  only  long  recognised  the  importance  of 
minerslogical  study,  but  have  acted  accordingly.  The  difference  between  action 
and  inaction  will  be  most  clearly  grasped  if  we  compare  the  position  of  Minerak^ 
in  Germany  with  that  in  this  country. 

In  Freiberg,  the  centre  of  a  mining  district  in  Saxony,  an  institute  was  opened 
in  the  year  1766  for  the  scientific  training  of  those  students  whose  interest  was  in 
ininerals,  and  the  lectures  on  Mineralogy  given  there  by  Professor  Werner  became 
a  prominent  feature ;  of  the  many  pupils  of  this  remarkable  man,  Breitfaaupfy 
Von  Buch,  Haidinger,  Humboldt,  Mohs,  Naumann,  and  Weiss  may  be  especially 
mentioned  as  having  afterwards  distinguished  themselves  by  their  scientific  work. 
Of  other  Germans,  who  haye  likewise  gone  to  their  rest  after  much  labour  giyen 
to  the  advancement  of  Mineralogy  and  Crystallography,  men  whose  names  will 
long  be  household  words  for  mineralogists,  we  may  especially  recall  Beer,  Bischof, 
Blum,  Credner,  Hessel,  Klsproth,  Kobell,  Lasaulx,  Mitscherlich,  Pfaff,  Plattner, 
Pliicksr,  Quenstedt,  Vom  Hath,  Beusch,  Gustay  Hose,  Heinrich  Hose,  Sadebeck, 
Scheerer,  Sartorius  yon  Waltershausen,  Websky,  and  Wdhler.  Of  the  many  Qer- 
mans  who  are  now  contributing  to  our  knowledge  of  minerals  it  is  an  inyidions 
task  to  make  a  selection,  but  we  may  mention  Arzruni,  Bauer,  Beckenkamp,  Biick- 
in^r,  Cathrein,  Cohen,  Goldschmidt,  Groth,  Haushofer,  Hintze,  Hirschwald,  Klnn, 
Klocknuinn,  Enop,  Lasneyres,  Lchmann,  Liebifch,  Liidecke,  Miigge,  Neumann^ 
Osann,  Bosenbusch,  Sandberger,  Streng,  Voigt,  Weisbachand  Zirkel :  most  of  them 
are  University  Professors  of  Mineralo^ ;  all  of  them  hold  important  positions  as 
teachers  of  the  subject.  Further,  the  laboratories  and  instruments  avaikble  for  the 
teaching  of  practical  work  are  in  many  cases,  notably  at  Strassbuig,  Munich,  G6t- 
tingen,  and  Berlin,  of  an  elaborate  character. 

So  much  for  Germany;  let  us  now  look  at  home.  In  the  Universities  of 
England,  Wales,  Scotland,  and  Ireland  there  is  a  grand  total  of— two  Pro- 
fessorships of  Mineralogy,  one  of  them  at  Cambridge,  the  other,  and  younger  one^ 
at  Oxford.  Further,  the  stipends  are  nearly  as  low  as  they  can  be  made;  in  the 
former  case,  according  to  the  University  Calendar,  the  stipend  paid  from  the  Uni- 
versity Chest  to  the  present  holder  of  the  otKce  amounts  to  300/.  a  year ;  in  the 
more  ancient  but  less  extravagant  University  of  Oxford,  the  Calendar  states  that 
the  present  professor  receives,  subject  to  previous  deduction  of  income-tax,  the 
annual  sum  of  100/.,  and  the  necessary  instruments  and  many  of  the  specimens 
have  presumably  been  provided  from  his  private  resources;  in  case  of  residence  he 
is  to  be  allowed  another  150/.  a  year  for  the  luxuries  which  University  life  involves. 
And  these  are  the  only  teaching  appointments  in  his  own  subject  that  a  successful 
inyestigator  of  minerals  can  look  forward  to  being  a  candidate  for !    The  result  is 
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ineyitable ;  all  those  students  who  intend  to  earn  their  own  living,  all  those  who  feel 
anwua  to  undertake  professorial  work,  conclude  that,  however  much  they  may 
be  interested  in  the  inyestigation  of  the  characters  of  minerals,  they  will  do  well 
fjo  follow  the  example  of  Professor  Whewell  and  turn  to  other  branches  of  knowledge 
in  which  there  is  a  more  hopeful  prospect  of  their  studies  meeting  with  practical 
recognition. 

It  cannot  be  expected  that  advanced  Mineralogy  will  ever  be  able  to  command 
the  attention  of  more  than  a  limited  number  of  students,  seeing  that  its  successful 
pursuit  requires  a  preliminary  knowledge  of  at  least  three  other  sciences — mathe- 
matics, physics,  and  chemistry — sciences  which  must  be  assigned  a  fundamental 
importance  in  any  scheme  of  education ;  if  a  preliminary  knowledge  of  geology  can 
be  added,  so  much  the  better.  Only  few  students  can  find  time  in  their  undergraduate 
days  to  acauire  a  competent  knowledge  of  these  sciences  and  to  proceed  afterwards 
to  the  study  of  Mineralogy.  But  the  comparatively  flourishing  condition  of  the 
science  in  Germany,  France,  and  other  countries  indicates  that  this  is  not  a 
sufficient  reason  for  refraining  from  giving  proper  facilities  and  encouragement  to 
those  who  wish  to  enter  upon  its  study.  Some  years  ago  the  University  of 
Oambrid^re  took  a  step  in  the  right  direction,  and  introduced  Mineralogy  into  their 
examinational  system  in  such  a  way  that  the  students  of  Physics,  Chemistry,  and 
Geology  can  give  time  to  the  acquisition  of  a  knowledge  of  Crystallography  and 
Mineralogy,  and  obtain  credit  for  that  knowledge  in  the  examination  for  a  degree. 

It  is  clear  that  if  in  the  future  there  is  to  be  an  honourable  rivalry  between 
this  and  other  countries  in  the  advancement  of  the  knowledge  of  minerals,  each  of 
our  Universities  should  be  enabled  in  some  way  or  other  to  found  Professorships 
of  Mineralogy,  and  be  prevailed  upon  to  follow  the  example  of  Cambridge  in  en- 
couraging the  students  of  Physics,  Chemistry,  and  Geology  to  acquire  a  knowledge 
of  Crystallography  and  Mineralogy  before  their  education  is  regarded  as  complete. 
Even  where  a  student  has  no  intention  of  devoting  himself  to  advanced  mineral- 
ogical  study,  an  elementary  knowledge  of  Crystallography  and  Mineralogy  will  be 
extremely  useful  in  giving  him  a  better  grasp  of  his  own  special  subject. 

And  if,  perchance,  any  of  you  are  anxious  to  reduce  the  amount  of  those  un- 
mentionable duties  of  which  we  have  heard  so  much  of  late,  and  feel  that  yon  can 
best  do  this  by  the  endowment  of  Professorships  of  Mineralogy  in  our  Uuiversitiee, 
I  would  advise  you  not  to  do  what  has  been  so  long  practicame  at  this  Association, 
couple  Mineralogy  with  any  other  science — that  would  be  an  unwise  economy. 
Eacn  of  the  sciences  is  now  so  vast  in  its  extent  that  no  professor  can  be  thoroughly 
master  of  what  has  been  done,  and  is  now  being  done,  by  other  workers,  in  more 
than  one  of  them.  I  remember  that  in  my  younger  days  it  was  held  by  some  at 
Oxford  that  the  Professor  of  Mineralogy,  a  80-<mlled  subordinate  subject,  should 
continue  to  be  paid  on  a  lower  scale  than  his  brother  professors,  and  that  he  should 
obtain  a  living  ^age  by  adding  a  college  tutorship  or  a  lectureship  in  some  other 
subject  to  his  professorial  duties.  It  is  not  by  the  prospect  of  such  appointments 
that  you  can  expect  the  most  capable  men  to  be  attracted  to  the  study  of  minerals. 
The  practical  enect  of  such  an  arrangement  would  only  be  that  a  college  lecturer 
would  give  formal  teaching  in  Mineralogy  while  devoting  his  real  energy  to 
another  subject  in  which  the  pupils  are  more  numerous. 

It  only  remjuns  to  thank  you  for  the  way  in  which  you  have  listened  to  a 
technical  addreas  relative  to  a  science  for  the  'study  of  which  very  few  facilities 
have  been  offered  to  you  in  our  own  country.  Not  often  does  the  mineralogist 
present  himself  before  an  audience ;  be  sees  only  too  clearly  that 

The  applause  of  listening  senates  to  command, 
To  read  his  history  in  a  nation's  eyes, 
His  lot  forbids ; 

but  I  shall  not  have  broken  the  long  silence  in  vain  if  I  have  made  clear  to  you 
that,  though  the  Science  of  Miner^ogy  is  itself  making  great  progress,  we  lave 
hitherto  given  too  little  encouragement  to  its  study  in  our  own  Universities,  and 
lag  far  behind  both  Germany  and  France  in  the  recognition  of  its  importance. 
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Hie  foflowing  Papers  ieind  Report  were  road : — 

1.  Sonui  Points  of  Special  Interest  in  the  Geology  of  the  Neighbourhood 
of  Oxford.    By  Professor  A.  H.  Green,  M.A.,  F.R.S. 

There  are  several  spots  around  Oxford  the  names  of  which  have  come  to  he 
household  words  in  the  literature  of  geology. 

It  is  not  likely  that  I  can  add  anything  to  what  has  heen  lonff  known  about 
localities  which  were  favourite  haunts  of  Buckland,  Phillips,  and  other  of  our 
foremost  geologists.  But,  as  excursions  to  some  of  these  places  have  been  planned, 
I  hoped  It  might  be  serviceable  to  recall  attention  to  the  more  important  of  the 
specialities  of  these  spots. 

We  hope  to  visit  historic  Stonesfield.  Work  will  be  begun  at  some  brick-  and 
ironstone-pits  at  Fawler,  where  the  Liassic  zones  of  Amnumites  caprxcorma^ 
A.  tnargaritatiu,  and  A.  spinatus  are  weU  shown.  Above  these  comes  an  at- 
tenuated representative  of  the  Upper  Lias,  not  more  than  10  feet  thick.  The 
basement  hiid,  with  its  mixture  of  ammonites  elsewhere  relegated  to  separate 
zones,  which  has  been  studied  by  Mr.  Walford,  is  present  Above  the  Upper  Lias 
we  have  the  representative  of  the  Inferior  Oolite,  here  reduced  to  the  two  birnds  of 

Chipping  Norton  Limestone. 
Olypeus  Qrit. 

The  latter  is  referred  to  the  Parkinsoni  zone,  the  lower  zones  of  the  subformation 
being  here  absent.^  On  the  hill  above  lie  the  workings  in  the  Stonesfield  Slate, 
with  its  mixture  of  terrestrial,  fresh  water,  and  marine  forms,  too  well  known  to 
need  special  description.  Quarries  may  afterwards  be  visited  in  Great  Oolite 
(Upper  Zone),  Forest  Marble,  and  Oombrash,  one  of  which  shows  a  curious  case  of 
contemporaneous  erosion. 

An  excursion  over  Shotover  will  show  a  succession  from  the  Oxford  Clay  to 
the  Neocomian  Ironsands.  One  point  of  interest  here  is  the  little  coral  reefs  of 
the  Corallian  Beds,  and  the  bank  of  finely  comminuted  material,  derived  from 
their  wear,  which  adjoins  them.^  The  Portland  Beds  are  sandy  and  shingly,  and 
mark  the  margin  of  the  southern  Portlandian  sea. 

The  Neocomian  Ironsands  are  part  of  a  long  strip  which  runs  from  Wiltshire, 
through  Oxfordshire  and  Bedfordshire,  to  Cambridgeshire  and  onwards.  They 
are  coarse,  shingly,  very  current-bedded,  obviously  shore  deposits.  Possibly  they 
were  formed  in  a  long  strait  that  connected  the  northern  ana  southern  Neocomian 
basins.  At  most  of  the  spots  where  they  yield  fossils,  these  are  marine.  But  it 
is  only  natural  that,  as  we  go  along  a  coast  line  where  the  physical  conditions 
change  from  place  to  place,  there  should  be  a  corresponding  change  in  the 
character  and  fossils  of  the  deposits.  And  it  is  so  here.  On  a  hill  adjoining 
Shotover  the  Ironsands  have  long  been  known  to  contain  fresh«water  foesils. 
We  are  here  facing  what  was  the  mouth  of  a  river.  At  Faringdon,  again,  the 
beds  depart  widely  from  their  normal  type.  There  is  no  current  bedding,  indeed 
very  little  bedding  at  all.  Their  abundant  fossils  include  sponges,  most  of  which 
are  very  perfect,  and  delicate  bryozoa  but  little  worn,  with  scattered  specimens 
of  perfect  brachiopods,  all  embedded  in  a  matrix  of  very  finely  conuninuted 
organisms.  These  facts  seem  to  me  to  point  to  a  tract  of  still  water  such  ae 
would  be  found  in  a  sheltered  bay.  In  tne  deeper  water  of  the  centre  the  fossils 
would  be  preserved  entire,  while  over  the  shallow  margins  they  would  be  ^und 
small,  and  the  finely  comminuted  matter  swept  into  the  central  pit  till  it  was 
filled  up. 

An  mteresting  section  occurs  in  a  brick-pit  near  Culham.    It  shows— 

3.  Gault  clay,  with  a  band  at  the  bottom  containing  sand,  pebbles,  and  rolled 
fossils  derived  from  the  Neocomian  Ironsands. 
.    2.  Thin  band  of  earthy  limestone ;  Eammeridgian  (P)  or  Portlandian. 

1.  Kimmeridge  Clay. 

»  Waif  Old,  Q.J.G.S.,  xU.  (1885),  p.  38. 

«  Blake  and  Hudleston,  QJ,G.8,,  xxxiii.  (1877).  pp.  308-311.  , 
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The  Neoeomian  IroDMmds  are  in  fiill  force  hard  hj;  at  this  spot  they  have 
been  denaded  before  the  Gault  was  deposited|  and  their  ruiDs  hare  accumulaied 
towards  the  base  of  that  subformation. 

The  Purbeck  and  Portland  rocks  of  the  Swindon  outlier  have  been  so  often 
described  that  they  need  no  special  notice.^  The  shell-marks  and  tufaceous  lime- 
stones of  the  Purbeck  lie  in  a  hollow  worn  out  in  the  Portland  rocks,  and  the 
two  are  most  sharply  marked  off  from  each  other.  A  limestone  crowded  with 
Otrithium  Portiandicum  marks  the  upper  limit  of  the  Portland.  It  has  been 
irregularly  denuded,  and  here  and  there  small  isolated  blocks,  which  have  escaped 
denudation,  project  up  into  the  Purbeck.  The  Portlands  haye  a  shingly  character 
in  some  beds,  which  must  haye  been  formed  in  shallow  water. 


2.  Report  of  the  CommiUeefor  making  new  Sections  in  the  Stonesfield 
Slate.—Bee  Reports,  p.  304. 


3.  On  the  Terraced  Hill  Slopes  of  North  Oxfordshire. 
By  Edwin  A.  Walpobd,  F.0,S. 

The  green  slopes  of  many  of  the  minor  vales  of  North  Oxfordshire  are  scored  with 
parallel  terraces  or  terraced  banks,  frequently  of  such  regularity  in  depth  of  step 
and  slope  as  to  present  to  the  mind  any  other  origin  for  their  formation  than  that 
of  the  every-day  work  of  natural  forces.  They  haye  been  described  as  camps, 
entrenchments,  and  amphitheatres,  and  those  of  other  districts  Mr.  Gomme  has 
described,  and  has  cited  the  many  theories  of  their  origin. 

Mr.  Walford  first  drew  attention  to  the  Oxfordshire  and  Warwickshire  terraced 
fields  in  1886,'  and  dealt  at  greater  length  with  the  subject  in  1890.' 

He  gives  as  causes  of  formation — 

1.  The  downward  creep  of  the  surface  and  sub-surface  soil. 

2.  The  occurrence  of  the  terraces  upon  one  precise  geologic  line,  the  micaceous 
marls  of  the  Middle  Lias  which  come  in  below  the  Red  Rock  bed.  The  marls  are 
porous  and  non-cohesive.  On  the  slippery  slopes  the  soil  must  creep.  The  rain  and 
rain-wash  loosen  the  light  soil  below  and  about  the  roots  of  the  herbage  and  urge 
its  movement  downward.  Terraces  from  an  incipient  stage,  like  an  ordinary  grass 
ridge,  to  minor  and  major  terraced  banks  of  varying  regularity  of  form  can  be 
traced.  Below  these  marls  are  depths  of  compact  blue  clay  (the  zone  of  Ammonites 
marfforitatus  if  in  near  contact  with  the  marls).  A  little  below  the  point  where 
the  marls  and  claya  meet  is  the  line  of  water  outflow.  Along  the  line  there  is 
constant  removal  of  marl  by  chemical  and  mechanical  solution.  The  effect  is  the 
loosening  and  sliding  of  the  land  downwards  and  outwards.  This  movement  is 
aided  by  the  weight  of  the  overlying  mass  of  rock,  sometimes  twenty-five  feet  in 
thickness. 

3.  Free  passage  of  water  through  the  rock  and  marl  is  necessary,  for  the  Upper 
lias  clays  have,  on  the  Oxfordshire  terraced  hills,  either  been  wholly  stripped  from 
the  hill  top  or  pushed  back  by  atmospheric  denudation.  Regularly  terraced  slopes 
are  not  found  on  clay-covered  hills ;  the  appearance  of  terraces  is  coincident  with 
the  wearing  away  of  the  clay  *  roof/ 

The  amphitheatre  form  of  terraced  land  is  always  a  valley  head.  The  outflow 
of  the  stream — the  valley-maker — marks  ordinarily  the  base  of  the  amphitheatre. 
More  frequently  the  terraces  of  the  valley  head  are  small  in  step  and  their  curvature 
is  broken.  Such  an  instance  is  Kenhill,  near  Shennington.  An  instance  of 
greater  regularity  of  curvature  and  greater  depth  of  step  is  the  Beargarden,  Ban- 
bury. 

>  Blake,  QJ.0,8.,  xxxvi.  (1880),  p.  203. 

«  B.  A.  Walford,  Edge  BiU :  the  Battle  and  Battlefield,  p.  24.    Banbury,  1886. 
•  B.  A.  Walford,  *  On  some  Terraced  Hill  Slopes  in  the  MidlandH,*  Joum.  North- 
ampton Nat,  Hist,  See.,  January,  1890. 
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*  '  FkhA  tbe  Edg«  fiill  ^sdavpfDoat  ^  fofrk-  ^f  «the  Hoitotf  raSe  nxB§  aloDj^aide 
AdBom  Plantatioti,  and  makes'what  is  known  as  AdBam  Hollow.  The  temeeft 
sweep  in  regular  curves  along  the  high  banks  of  the  stream,  and  where  it  joins  the 
main  vale  to  the  North  of  Horley  the  steps  are  so  prominent  as  to  give  Uie  name 
of  Steps  Meadow  to  the  ^und.  Gredenton  Hill,  on  the  Burton  Barrett  range,  is 
YSry  regularly  and  beautifully  terraced  on  three  sides. 

The  author  does  not  attempt  description  of  the  chalk  hills  or  the  lynchets  of 
Dorsetshire.  Tbe  sandy  marb  of  the  Dorsetshire  Inferior  Oolite  have  a  compon- 
tion  approaching  that  of  the  micaceous  marls  of  the  Midlands,  and  reasons  like 
those  Drought  forward  will  do  doubt  prove  their  similar  mode  of  formation. 


«  The  Probable  Range  of  the  CoaZ-Medsurea  under  the  Newer  Rocks  of 
Ootfordskire  and  the  Adjoining  Counties.  By  Professor  BorD 
Dawkins,  F.R.S. 

The  principle  laid  down  by  Godwin-Austen  and  Prestwich  that  the  master 
or  tectonic  folds  in  the  pre-Garboniferous  and  Carboniferous  rocks  are  lines  of 
weiJmess  abng  which  the  newer  rocks  have  been  folded  in  later  times,  has  been 
recently  applied  by  Bertrand  to  the  district  of  northern  France.  In  the  present 
communication  the  author-  proposes  to  see  how  far  it  can  be  used  in  the  seazch 
after  the  buried  coal-fields  of  the  counties  of  Oxford,  Buckingham,  Berks,  and 
Wilts. 

From  the  relation  existing  between  the  tectonic  anticlines  and  syndines  in  the 
districts  of  South  Wales,  Gbucester,  and  the  West  of  England,  where  they  can 
be  studied  at  the  surface  in  the  Paleeozoic  rocks,  most  important  conclusions  may 
be  dnwn  as  to  the  coal-fields  buried  under  the  newer  rocks  in  southern  England. 
They  are  as  foUows : — 

1.  The  Mid-Devon  syncline,  traceable  eastwards  until  it  cuts  the  sea-line  near 
Bognor. 

2.  The  North  Devon  anticline,  which  runs  eastwards  throuffh  the  Vafe  of 
Wardour,  past  Salisbury,  and  along  the  anticline  of  the  Weald  from  Peterafield 
to  Dunffenees. 

3.  The  Mid-Somereet  syncline,  which  sweeps  eastwards  through  the  Vale  of 
Bridgewater  and  Glastonbury,  throiigh  the  chalk  downs  between  Beytesbury  and 
Hindon,  to  Haslemere.  From  this  point  it  is  continued  to  the  east  through 
Tonbridge  Wells  and  Tenterden  to  the  sea  to  the  south  of  Hythe. 

These  three  folds  have  no  bearing  on  the  range  of  the  coal-fields  in  the  drainase 
area  of  the  Thames,  The  fourth,  or  Pembroke-Mendip  anticline,  and  the  fifui, 
or  South  Welsh  syncline,  are  the  two  great  tectonic  folds  which  remain  for 
consideration. 

The  Pembroke-Mendip  anticlinal  range,  highly  faulted  and  folded,  is  traoeaUe 
westwards  into  South  Ireland,  and  eastwards,  Sirough  Pembroke  and  the  peninsula 
of  Gower,  to  the  south  of  Cardiflf,  through  Weston-super-Mare  and  the  Mendip 
Hills.  Throu|^hout  this  area  it  forms  the  southern  margin  of  the  coal-fields. 
Near  Frome  it  plunges  beneath  the  Oolites.  It  is,  however,  clearly  marked  by 
the  Upper  Greensand  anticline  of  the  Yale  of  Pewsey,  and  by  the  Upper  Green- 
sand  iniiers  of  Ham  and  Kingsclere.  Thence  it  passes  along  the  line  to  the 
high  downs  past  Basinflstoke  and  Famham  to  Peasemarsh,  south  of  Guildford, 
where  it  is  seen  in  an  inlier  of  Weald  clay.  It  is  carried  still  further  to  the  east 
by  similar  iniiers  south  of  Westerham,  and  at  Wateringbury  and  Maidstone. 
From  Maidstone  it  sweeps  to  the  south-east,  through  Otham  and  Ashford, 
arriving  at  the  coast  close  to  Hythe.  In  the  eastern  portion  of  its  course  it  has, 
in  my  opinion,  been  the  chief  factor  causing  the  south-eastern  trend  of  the  North 
Downs  in  the  district  of  Maidstone.  It  forms  also  the  southern  boundaiy  of  the 
South-eastern  coal-field  discovered  in  the  boring  at  Dover,  and  of  tlie  coal-fields  of 
northern  France  and  Belgium. 

The  South  Welsh  syncline,  only  two  miles  wide  at  St.  Bride's  Bav,  in  the 
anthracite  district  of  Pembroke,  widens  out  into  the  coal-field  of  SoatL  Wala^ 
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twenty  milM  in  width.  As  it  avproocbes  the  upper  estuer;  of  the  Sevem  \t  ia^ 
i!|0p]!e8etited  by  the  outljing  ooel-faeld  of  the  Forest  of  Dean,  end  the  three  par-* 
iially  or  wholly  covered  fields  to  the  north  of  the  Mendip  Hills,  distributed  through 
an  area  measuring  forty-fiye  mDee  from  north  to  south.  The  wedge-like  sjrndine,  with 
its  more  or  less  connected  coal-fields,  continues  to  widen  eastwards,  its  northern 
boundary  being  probably  represented  by  a  line  drawn  from  the  northern  rim  of 
the  South  Weuh  coal-field  to  the  north  of  the  Forest  of  Dean,  and  continued  due 
east  beneath  the  Secondary  and  Tertiary  rocks  to  some  point  between  Walton-on- 
tbe-Nase  and  the  mouth  of  the  Blackwater.  It  passes  through  Gloucester, 
Bissington,  in  the  yalley  of  the  Wiudrush,  Blenheim,  Kirtlington,  Quainton, 
Luton,  Bishop's  Stortford,  Danmow,  Braintree,  and  Colchester.  The  width  of 
this  great  tectonic  syncline  between  Oolchester  and  Dover  is  about  fifty  miles, 
and  it  occupies  nearly  the  whole  of  the  London  Tertiary  baan,  which,  it  must  be 
noted,  is  of  the  same  wedge  shape,  widening  to  the  east 

The  boring  recently  described  by  Mr.  Whitaker  at  Culford,  near  Bury 
St.  Edmunds,  m  which  a  slate  rock,  probably  of  Silurian  or  pre-Silurian  age,  was 
struck  at  a  depth  of  6S7  feet  6  inches  from  the  surface,  shows  that  in  all  probability 
that  area  is  an  anticlinal  area.  About  forty-two  miles  to  the  south ,  in  the  aeep  boring 
at  Harwich,  the  Yoredale  shales  come  in.  Both  these  points  are,  be  it  remarked, 
to  the  north  of  the  line  in  question.  Both  indicate  a  Pa1»ozoic  area  in  Suffolk 
and  northern  Essex  older  than  the  Coal-Measures,  and  similar  to  that  on  the  same 
meridian  in  South  Wales  and  Gloucestershire  which  lies  to  the  north  of  the 
western  coal-fields.  We  have,  therefore,  not  merely  a  well-defined  Pembroke- 
Mendip  anticline  forming  the  southern  boundary  of  the  coal-fields  both  in  the 
west  and  in  the  east,  as  ])roved  bv  the  south-eastern  coal-field  at  Dover,  but  also 
evidence  pf  the  continuation  of  tne  Soath  Welsh  pre-Carbouiferous  barrier  of 
Hull,  which  forms  the  northern  boundary  of  the  visible  coal-fields  due  eastwards 
into  Sufiolk.  It  may  therefore  be  reasonably  inferred  that  similar  coal-fields, 
isolated  from  each  other  by  tracts  of  older  rocks,  are  to  be  found  in  the  South 
Welsh  syncline  where  it  lies  buried  beneath  the  Secondary  and  Tertiary  strata. 
In  other  words,  we  may  conclude  that  there  are  coal-fields  in  North  Wilts,  in  the 
counties  of  Berks,  Oxford,  and  Buckingham,  and  the  Tertiary  basin  of  the  Thames 
within  the  limits  Uid  down  above,  and  in  a  direction  indicated  in  1871  by  the 
Coal  Commissioners. 

One  such  coal-field,  indeed,  has  already  been  discovered  in  a  deep  boring  at 
Burford,  near  Whitney,  in  the  valley  of  the  Wiudrush.  The  discoveiy,  however, 
has  unfortunately  not  been  followed  up,  and  we  do  not  know  whether  it  is  of  wide 
east  and  west  range,  similar  to  that  of  South  Wides,  or  of  Bethune  and  Namur,  or 
whether  it  is  small  and  unimportant,  like  some  of  the  smaller  coal-basins  north  of 
the  Mendip  Hills.  It  offers  a  sure  basis  for  other  deep  borings,  which  may  have 
the  same  industrial  effect  on  Oxfordshire  as  those  whicn  have  extended  the  range' 
of  the  buried  Coal-Measures  in  northern  France,  ninety  miles  to  the  west  of 
Oharleroi,  and  converted  a  purely  agricultural  into  a  great  manufacturing  district. 
There  is  no  practical  difficulty  arising  from  the  depth  at  which  the  Coal-Measures 
may  be  expected  to  occur  in  this  re^on.  At  Burford  they  were  struck  at 
1,184  feet  from  the  surfietce,  and  at  Dover  at  1,113  feet  below  high-water  mark. 

The  borings  in  the  area  of  the  London  Tertiaries  prove  that  the  Palseozoic  rocks  are 
not  buried  to  a  greater  depth  than  about  1,200  feet  below  sea-level,  and  in  Hertford- 
shire to  as  little  as  706  feet.  The  most  important  collieriee  in  EngUnd  are  carried 
on  at  depths  ranging  from  1,500  to  more  than  S,000  feet. 

The  new  light  thrown  upon  the  question  of  the  buried  coal-fields  by  recent  dis- 
coveries places  it  in  a  very  aifferent  position  from  that  which  it  occupied  in  1871, 
when  Godwin- Austen,  Prestwich,  and  Hull  gave  their  evidence  before  the  Royal 
Commission.  The  boring  at  Dover,  revealing  the  existence  of  a  valuable  coal-field, 
now  offers  a  fixed  point  for  further  discovery  in  south-eastern  England.  That  at 
Burford  offers  a  similar  basis  for  the  proving  of  the  Oxfordshire  coal-field.  The  many 
other  wells  and  boring  made  in  the  area  of  London,  and  as  far  north  as  Bury  St. 
Edmunds,  also  afford  important  information  as  to  the  northern  boundary  of ^  the 
productive  South  Welsh  syncline.    The  development  of  our  mineral  wealth  is  of 
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•ttch  Tsat  importance  that  it  would  be  quite  worth  the  while  of  the  GoTenuaeBl  to 
undertake  a'  series  of  experimental  borings,  which  would  indicate  the  exact  poeitkm 
of  the  buried  coal-fielde.  In  the  present  state  of  the  mining  laws  it  is  a  tjisk  not 
likely  to  be  undertaken  by  the  private  adventurer.  It  might,  howeyer,  be  carried 
out  by  the  County  Councils,  or  by  a  combination  of  landowners,  either  with  or 
without  a  compulsory  rate,  on  the  property  which  would  be  benefited  by  the 
discovery  of  new  fields.  It  is  one  of  those  objects  of  public  utility  which,  are 
especially  worthy  of  the  regard  of  the  British  Association  at  this  time  and  in  thia 
place. 


Upper  Cretaceous 
Keocomian 


5.  On  the  Deposit  of  Iron  Ore  in  the  Boring  at  Shakespeare  Cliff  Dover, 
By  Professor  Boyd  Dawkiks,  F,B.S. 

The  general  results  of  the  boring  at  Dover  were  laid  before  the  British  Associa-- 
tion  at  Cardiff  in  1892,  so  far  as  relates  to  the  discovery  of  the  south-eastern  coal- 
field. In  the  present  communication  the  author  treats  of  a  bed  of  ironstone,  which 
is  likely  to  be  of  great  importance  in  the  new  industries  which  will  spring  up 
sooner  or  later  in  Kent  in  consequence  of  the  discovery  of  coal  in  workable 
quantities. 

The  strata  penetrated  in  the  boriog  are  as  follows: — 

FMt 

'  liower  Grey  Chalk  and  Chalk  marl  .        .130 

•  ■  Glanconitic  marl 8 

Ganlt.        .        .        .        .        •        .        .121 

Folkestone  Beds 64 

Sandgate  Beds 77 

•  ■  Hythe  Beds 87 

Atherfteld  Clays 18 

(Portlandian 32 

Kimmeridgian  •        •        .        ...        .  73       ; 

Corallian 159 

Callovian  / ^^ 

Batbonian 166 

Total 1,113 

Coal-measures  with  twelve  seams  of  coal  23  feet  5  inches  thick   •        •  1,068| 

The  ironstone  occurs  in  the  Kimmeridgian  part  of  the  section,  and  as  shown  io 
the  following  details : — 

Portlandian  Beds : —  Feet 

Grey  marl  with  oolitic  grains  of  ferric  oxide 2 

Hard  grey  limestone 1 

Brown  calcareous  sandstone 2 

Grey  shelly  limestone  with  oolitic  grains  of  ferric  oxide     ...  1 

Bark-grey  marl 2 

Hard  blue  limestone  with  Littorina 1 

Brown  oolitic  ironstone        . 12 

Grey  limestone 4       . 

Dark  bituminous  clay 8 

Fl<^g7  sandstone 2 

Grey  sandy  clay 4 

Arenaceous  limestone  with  Cidaris 7 

Dark  bituminous  shale 27 

Grey  nodular  limestone 2 

Coralline  Oolite  with  the  usual  fossils,  Peeten  vaga/Mt  &c.  .        •        .  27 

The  ironstone  presents  very  singular  physical  characters.  It  is  composed  of 
small  dark-brown  shining  grains  of  by drated  oxide  of  iron  like  millet  seed,  embedded 
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in  a  crystalline  Imuw  partly  of  calcium  carbonate,  and  partly  of  iron  carbonate. 
These  grains  are  oolitic  iD  structure,  and  are  probably  the  result  of  the  same  chemi- 
cal change  by  which  the  calcareous  beds  of  the  Inferior  Oolite  in  Lincolnshire  have 
been  converted  into  the  iron  ores.  They  occur,  it  will  be  noted,  in  several  strata 
above  the  main  bed,  12  feet  in  thicknees  in  the  above  section. 

This  bed  of  iron  ore  is  identical  with  that  described  by  Blake  and  Hudleston  at 
Abbotsbury  in  Dorset,  where  it  occurs  between  the  Kimmeridge  clay  above  and 
the  Qorallian  rocks  below. 

It  is  also  physicaUv  identical  with  the  valuable  iron  ore  worked  for  many  years 
at  Westbury  m  Wiltshire,  where  it  is  met  with  at  a  lower  horizon,  being  there 
separated  from  the  Qorallian  limestones  by  4  feet  of  marls  and.  sands. 

This  stratum,  although  probably  of  purely  local  origin,  is  to  be  looked  for  in  the 
beds  above  the  Corallian  throughout  the  whole  of  southern  England,  from  Dorset 
eastwards.  Its  discovery  at  Dover  is  only  second  in  importauce  to  that  of  the 
South-eastern  Ck>al-field.  It  will  have  to  be  taken  into  account  in  the  future 
development  of  the  coal-fields  in  southern  Eugland. 


6.  On  the  Cause  of  Earthquakes.     By  J.  LoGAN  Lobley,  F.G.S.^ 
Professor  of  Physiography^  City  of  London  College. 

Although  a  connection  between  the  cau£e  of  volcanic  and  of  seismic  action  is 
generally  assumed,  neither  has  been  satisfactorily  determined,  though  both  are 
usuallv  attributed  in  their  bception  to  a  shrinksge  of  the  globe  from  secular  cool- 
ing. 1  he  author  took  exception  to  this  view,  and  adduced  the  great  amount  of  rock- 
foldiDg  since  the  Cambrian  Period,  as  showing  that  if  this  were  doe  to  planetary 
shrinkage,  which  rock-folding  is  assumed  to  prove,  the  earth's  radial  contraction 
must  have  been  at  least  100  miles  during  po6t*Cambrian  ages,  that  such  a  contraction 
would  require  a  loss  of  heat  to  the  extent  of  6,000°  F.,  that  therefore  the  globe 
would  have  had  at  the  Cambrian  Period  a  temperature  6,000°  F.  higher  than 
at  present,  and  that  such  a  temperature  was  altogether  incompatible  with  terres- 
trial conditions.  Neither,  apart  from  greater  terrestrial  heat,  would  meteorological 
conditions  be  at  all  like  the  present,  with  a  surface  100  miles  further  from  the 
centre,  for  an  attenuated  atmosphere  and  difierent  gravities  would  affect  all 
climatal  conditions  and  all  the  agencies  of  nature. 

Both  the  petrological  and  the  palseontological  teachings  of  the  Cambrian  rocks 
are  entirely  at  variance  with  any  such  conditions,  since  they  indicate  terrestrial 
inoiganic  conditions  and  agencies  similar  to  those  of  the  present  epoch. 

It  was  submitted,  therefore,  that  the  assumption  of  a  planetary  shrinkage  was 
opposed  to  geological  facts,  and  that  consequently  another  cause  must  be  sought 
for  seismic  phenomena. 

The  autnor  thought  the  hypothesis  he  brought  before  the  Section  in  1888  to 
account  for  volcanic  action '  would  meet  the  difBcultj,  and  expressed  the  opinion 
that  earthquakes  were  originated  by  chemicaJ  action  arising  from  favouring 
physical  conditions  at  separate  and  isolated  dynamic  foci,  at  moderate  depths  and 
quite  unconnected  with  any  central  fused  mass.  These  originating  foci,  liae  those 
of  both  volcanic  and  plutonic  action,  were  in  a  thin  outer  rind  of  the  globe  of  a 
few  miles  in  thickness,  which  with  all  its  foldings  and  plications  rested  upon  a 
solid  foundation,  giving  the  earth  its  ascertained  rigidity,  and  since  the  Cam- 
.  brian  Period  there  has  been  no  appreciable  decrease  of  the  bulk  of  the  globe  or  of 
terrestrial  heat. 


'  « On  the  Causes  of  Volcanic  Action/  Ifeport  cf  the  British  Association  for  1888 
(Bath  Meeting),  p.  670. 
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7.  On  Cek'tain  Vdeanic  Submt^nces'ifi,  the  Ifarth  of  IbeUtfO:- '  *  **  '  • 
£y  TKMPB6T  Andbbson,  Jf.2).,  B.Sc.,  F,G.S. 

BsrhApe  the  most  striking  features  in  loelandio  aoeneiy  are  the  pitft  (pronomioed 
'  geow '),  or  fissures  and  chasms  which  are  so  frequently  met  with  in  all  the  diatriete 
in  whidi  fecent  yoluanic  actiritj  manifests  itself.  They  *re  vsoaMy,  and  in  most 
cases  lightlji  ascrihed  to  the  lower  stratum  of  a  molten  lava  stream  having  obtained 
an  outlet  after  the  surfiBoe  has  consolidated  into  a  crust  of  greater  or  less  thickneaai 

Gi&s  of  this  class  are,  so  far  as  the  author  has  been  able  to  obserre,  confined 
within  the  limits  of  a  single  lava  stream,  and  do  net  affect  ]jrevioasly  formed  rocka. 
Usually  there  is  a  large  gift  roughly  parallel  with  each  side  of  the  original  lava 
stream,  and  the  space  between  these  has  subsided  considerably.  Any  ^a  in  this 
eubsided  portion  are  much  smaUer,  and  obviously  of  secondary  imj^ortanoe. 
Examples  of  this  are  to  be  found  in  the  weU-known  Almanagiai  at  Thingralla, 
which  has  a  throw  of  about  100  feet,  while  the  sides  of  the  smaller  gil»  which 
enclose  the  Logberg  in  the  subsided  portion  are  practically  on  the  same  level. 

There  are  also  several  such  subsidences  near  Ldn  and  Asbergi,  in  the  N(n-th  of 
Iceland.  The  main  subsidence  at  Asbergi  is  a  little  more  complicated,  thoush 
evidently  due  to  the  same  causes.  Here  a  large  roughly  triansnilar  area  has  sub- 
sided,, the  throw  at  the  apex  being  probably  nearly  SOO  feet,  out  a  space  in  the 
middle  has  remained  at^  its  original  hught,  so  that  a  depression  has  been  produced 
like  a  great  Vi  the  portions  both  between  and  outside  the  less  having  remained 
standing.  In  the  case  of  Thinffvalla  it  appears  not  unlikely  uiat  the  lava  which 
flowed  down  into  the  lake  solidified  on.  coming  in  contact  with  the  water  and 
formed  a  wall  sufficiently  strong  to  hold  up  the  lava  plain  till  it  formed  a  firm 
crust,  and  that  the  giving  way  of  this  and  the  escape  of  the  molten  lower  layers 
into  the  deeper  parts  of  trie  luce  caused  the  subsidence. 

Siniilarly  the  lava  which  escaped  from  Asberflri  may  have  been  that  which  now 
occupies  the  low  ground  near  the  estuary  of  the  Jokulsi,  in  the  direction  of  Ldn. 

On  the  east  and  south-east  of  Lake  llfyvatn  a  very  extensive  eruption,  or  series  of 
eruptions,  has  taken  place  from  a  chain  of  craters  locally  called  Gudr  fiorgir  ('  the 
castles  of  Gardr,Vhich  is  the  name  of  a  fium).  The  lava  flow  has  occupiM  nearlv 
all  the  bed  of  Lake  M^atn,  and  flowed  down  the  valley  of  the  Lax&  to  its  mouth 
at  Laxamjyri.  All  this  stream  of  lava  is  very  remarkable  for  the  number  and  mie 
of  the  spiracles  with  which  it  is  studded,  and  a  regular  gradation  of  sizes  exists, 
between  spiracles  the  sixe  of  a  haycock  and  cones  some  of  which  caimot  be  less 
than  200  feet  high.  These  cones  and  craters,  which  coostitute  such  a  striking 
feature  of  Lake  Myvatn,  mav  probably  be  nothing  more  than  spiracles  formed  1^ 
the  escape  of  steam  generated  by  the  conflict  of  the  hot  lava  with  the  water  of  the 
lake.  The  barrier  which  holds  up  the  water  of  the  present  lake  oonsists  of  this 
lava,  and  caves  exist  in  it  which  are  obviously  channels  by  which  molten  lava  has 
escaped.  These  and  deeper^eated  ones  would  be  those  by  which  the  lava  escaped 
and  left  the  depression  occupied  by  the  present  lake.  Between  the  craters  of 
eruption  and  the  lake  no  spiracles  were  noticed,  but  there  is  a  very  remarkable 
series  of  rocks — the  Dimmuborgir — masses  of  lava  of  fantastic  shape,  30  or  40  feet 
high,  which  have  remained  standing  while  the  intervening[  portions  have  subsided. 
They  present  sUckenside  marks  where  the  subsiding  portions  have  scratched  the 
masses  that  have  remained  standing,  and  tide-marks  where  the  crust  has  halted  in 
its  descent ;  also  in  many  places  bmgings,  where  the  lava  has  been  scarcely  stiff 
enough  to  stand,  and  others  where  it  has  actually  formed  stalactitic  massee. 

So  far  for  actual  lava  subsidences. 

The  special  object  of  this  paper  is  to  draw  attention  to  a  subsidence  on  the 
elopes  of  Leimukr,  a  volcano  several  mUes  north  of  Myvatn,  where  a  large  strip 
of  land,  perhaps  200  yards  wide  and  one  mile  or  more  long,  has  been  let  down  to  a 


varying  depth,  aven^n^  perhaps  00  to  80  feet. 
The  faults  bounding  it,  like  nearly  a 


^  all  the  fissures  in  this  district,  run  north 
and  south ;  and  the  east  face,  which'  is  most  perfect,  cuts  right  throi^^h  a  thick 
stream  of  old  columnar  lava  and  through  a  large  boss  of  toff*,  round  and  over  which 
the  lava  has  bedded  itself,  and  also  ^irough  the  tuff  rocks  at  each  side  of  the  lav% 
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•iream.  It  would,  avpotf  'worthy^  of  contidera^n-wlMther  ifaisipeat  depreasion, 
which  thiia  afiiicto  all  the  craet  of  the  Toleano  impartiaUji  may.not  haToheaa 
cauaed  by  the  faliiog  in  of  one  of  the  eteam  cavities  which  may  be  presttined  to 
exist  under  yolcanoee  after  the  layas  have  been  expelled  by  the  steam  pressure. 

This  would  accord  with  the  obserration  that  sedimentary  rocks  near  yolcanoes 
often  dip  towards  those  yold^oes.  Mr.  Qoodchild  has  informed  the  author  that 
the  sedimentary  rocks  round  Arthur's  Seat  are  much  thicker  the  nearer  they  are 
to  that  old  volcanoi  as  if  the  ground  had  slowly  sunk  while  they  were  being 
deposited. 

Near  L6n  the  author  was  shown  a  small  giA,  said  to  have  been  formisd 
during  an  earthquake  in  February  1885.  The  crack  was  of  a  freshness  correspond- 
ing to  such  a  date,  and  was  only  a  few  inches  wide,  and  so  short  that  it  could  not 
be  determined  whether  it  extcaoded  beyond  one  bed  of  lava.  It  certainly  was  not 
an  example  of  the  escape  of  liquid  lava  from  below  a  crust,  nor  of  a  subsidence 
over  a  steam  cavity,  and  its  chief  interest  in  this  connection  is  as  showinff  that  at 
least  three  separate  sets  of  causes  are  at  work  in  producing  the  gi&s  of  Iceuind. 


FRIDAY,  AUGUST  10. 


1.  A  joint  discustton  with  Section  H  on  the  Plateau  Gravels,  Ac,  West  Kent, 
was  opened  by  the  following  two  communications : — 

(a)  On  the  Geology  of  the  Plateau  Implements  in  Kent,^ 
By  Professor  T.  Rupbbt  Jonbs,  F.E.S.,  F.G.S. 

This  subject  having  been  fully  treated  of  b^r  Professor  Dr.  Prestwich,  the 
requisite  references  to  his  various  memoirs  elucidating  the  general  geology  of  the 
loc^  drift-deposits,  the  geological  stages  of  their  formation,  and  the  peculiar  flint 
implements  of  the  plateau  were  given.  He  has  shown  that  certain  superfidal  soils 
on  the  North  Downs  between  Sevenoaks  and  Rochester  contain  numerous  rudely 
worked  flints,  discovered  by  Mr.  B.  Harrison ;  and  that  these  were  derived  from 
a  ^vel,  of  very  great  antiauity)  originally  formed  on  the  side  of  the  old  Weakiea 
Hill-range  or  Mountain,  which  once  rose  about  3,000  feet  above  where  Crow- 
borough  and  other  hiUs  in  Sussex  now  are.  Man  existed  at  the  time  of  these 
graveu,  and  used  the  flints  for  tools.  These  gravels  and  the  implements  left  in 
them  were  removed  by  natural  agencies,  such  as  rain,  rivers,  sea,  frost,  snow,  and  ice, 
and  distributed  by  torrential  stzeams  on  the  Chalk  slopes  (now  part  of  the  North 
Downs)  at  a  lower  level  on  the  flanks  of  the  range. 

Theee  rude  old  flint  implements  have  an  ochreous  colouring,  due  to  ferruginous 
gravel  whence  they  came ;  and  are  now  found  on  the  plateau,  sometimes  with 
limited  patches  of  some  of  the  ochreous  flint  gpravdi,  together  with  Tertiary 
pebbles,  lesa-wom  flints,  and  fragments  of  Lower  Grreensand,  on  the  red '  clay- 
with-flints '  covering  the  Chalk,  ft  was  shown  how  desirable  systematic  excava- 
tions, to  prove  the  extent  and  thickness  of  the  implementiferous  soil,  would  be. 

I^fessor  Prestwich's  history  of  the  origin  of  the  ancient  Wealden  Dome, 
Island,  and  Hill-ranges,  and  of  the  gradual  aestruction  of  those  uplands,  in  the 
course  of  untold  ages,  with  the  resulting  formation  and  removal  of  successive 
geological  groups  of  strata,  such  as  the  Thanet  Sands,  Woolwich-and-Keading 
Beds,  London  Clay,  Lenham  Beds,  and  the  old  ferruginous  gravel  with  its  rude 
implements  above  mentioned,  was  noticed  in  detaiL 

The  Diestian  or  Lenham  Beds  were  formed  in  the  Early  Pliocene  period ;  and 
the  denudation  of  Holmesdale  probably  be^n  directly  afterwards,  at  about  the 
time  of  the  Bed  or  the  Chillesfbrd  C&ag  m  Late  Puocene,  or  in  Post-Pliooene 
times;  and  the  old  ferruginous  gravel  had  not  only  been  formed,  but  washed 
away  to  a  lower  level  before  that  time. 

■  This  paper  has  been  printed  in  lull  in  Natural  Scionoe.  October  1894. 
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The  ultimate  denudation  of  the  ralleje  cuttingr  off  the  Chalk  from  the  Weald 
being  subsequent  to  the  formation  and  removal  of  that  gravd,  the  latter  must  faaTa 
been  Pre-gladal  in  age, 

(b)  On  tlie  Age  of  the  Plateau  Beds.    By  W.  Whitakbb,  F.E.S.,  F.G.S. 

Mr.  Wbitaker  said  that  the  flints  exhibited  might  be  divided  into  two  classes,  the 
few  that  would  be  allowed  bj  every  qualified  observer  to  be  the  work  of  man  and 
the  many  as  to  the  authenticity  of  which  judgment  should  be  deferred.  He  then 
alluded  to  the  two  points  of  view  from  which  the  subject  was  approached,  the 
anthropologpical  and  the  geological.  In  the  former  the  work  of  man  was  the 
starting  point ;  but,  as  a  geologist,  he  thought  that  Nature  should  be  duly  con- 
sidered, and  the  varied  way  in  wluch  she  worked,  sometimes  leading  to  results 
that  were  somewhat  unexpected.  The  district  in  question,  too,  was  of  a  double 
character.  In  the  first  place,  we  had  to  do  with  a  tract,  south  of  the  Chalk  range, 
over  which  there  were  m  pa^  beds  of  gravel,  sometimes  along  the  courses  of  Sie 
stream-valleys,  but  sometimes  having  no  connection  with  the  present  drainage- 
system.  In  the  latter  case  the  comnosition  and  position  of  the  gravel  seemed  to 
point  to  a  time  when  the  features  of  tne  country  were  not  the  same  as  now,  when 
the  streams  ran  in  different  courses,  and  when  the  Chalk  escarpment  and  other 
similar  ranges  of  hill  reached  further  south  than  now.  He  pointed  out  that  the 
district  was  at  and  near  the  watershed  between  the  Medway  and  the  Darent,  and 
that  in  such  a  position  alterations  in  the  flow  of  streams  could  be  brought  about 
by  smaller  causes  than  lower  down  along  the  river-valleys.  The  other  part  of  the 
district  was  alon?  and  north  of  the  great  Chalk  range,  and  the  deposit  here  mostly 
met  with  over  the  Chalk  could  not  properly  be  called  Drift ;  it  had  not  been  brought 
into  its  present  position  from  elsewhere  by  sea,  river,  or  ice,  but  had  grown  where 
it  stood ;  it  was  a  residuum,  the  matter  left  from  long-continued  gradual  dissolu- 
tion of  the  chalk  and  the  leaving  behind  of  its  flints  and  other  insoluble  matter, 
to  which  was  added  a  mass  of  loam,  resulting  presumably  from  the  remains  of  old 
Tertiary  beds.  With  regard  to  the  gravels,  flint  implements  of  undoubted  work- 
manship having  been  found  in  them,  it  must  be  conceded  that  man  existed  at  the 
time  of  the  deposition  of  those  gravels.  This  certainly  carried  man  back,  locoJly 
at  all  events,  beyond  the  time  of  the  river  gravels,  which  occur  in  the  bottoms  and 
along  the  slopes  of  the  valleys.  He  could  not  admit,  however,  that  there  was  any 
good  evidence  to  connect  these  ancient  men  with  Pre-glacial  or  even  with  Glacial 
times,  as  there  were  no  deposits  of  undoubted  Qlacial  age  in  or  near  the  district. 
Over  the  Clay-with-flints  of  the  Chalk  tract  manv  implements  had  been  found,  but 
these  were  on  the  surface,  and  therefore  we  had  no  evidence  of  their  age  other 
than  that  given  by  their  form.  He  understood  that  it  had  been  said  that  a  very 
few  implements  had  been  found  in  the  Clay ;  but  even  were  it  so  we  should  he 
little  wiser  as  to  their  age,  the  formation  of  this  clay  having  continued  over  a  long 
time,  right  down  to  the  present  day.  Elsewhere  implements  had  been  found  in  a 
brickearth  that  was  associated  with  the  Clay-with- flints ;  but  in  this  case  we  were 
still  ignorant  of  the  age  of  the  deposit,  no  other  bed  having  been  found  above. 
He  thought  that  in  such  a  matter  great  caution  was  needed  lest  observers  should 
be  carried  away  by  their  zeal  in  discovery,  and  that  the  right  spirit  was  to  approach 
the  question  with  wholesome  doubt,  contesting  the  views  of  those  whose  faith  led 
them  to  believe  very  ordinary-looking  chippings  to  be  the  work  of  design,  so  that 
they  should  have  to  prove  that  the  balance  of  probabilities  was  in  favour  of  theii 
view. 

The  following  Papers  and  Report  were  read  :— 

2.  On  the  Traces  of  Two  Rivets  belonging  to  Tertiary  Time  in  the  Inner 
Hebrides,    By  Sir  Archibald  Geikib,  F.B.S. 

Many  years  ago  the  author  had  described  part  of  the  course  of  a  stream  which 
had  cut  its  channel  in  the  lava-plateau  of  the  IAb  of  Eigg,  and,  as  shown  by  the 
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materials  of  its  gravel  deponts,  bad  flowed  from  east  to  vest.  The  chamiel  of 
the  main  river,  as  well  as  those  of  some  of  its  tributaries,  had  been  sealed  up 
under  a  flow  of  pitchstone,  which,  after  ases  of  waste,  now  forms,  owing  to  its 
greater  durability,  the  prominent  ridge  of  the  Scuir,  the  original  higher  ground  of 
bedded  basalt  having  been  worn  down  into  lower  slopes.  The  river-course  thus 
entombed  must  be  assigned  to  the  volcanic  period  of  older  Tertiary  time  in  this 
country.  Its  western  end  is  truncated  by  a  precipitous  sea-cliff,  at  the  top  of 
which  a  section  of  it  is  displayed,  with  its  underlying  shingle  and  overlying  pitch- 
stone,  at  a  height  of  some  500  feet  above  the  sea.  This  summer  the  author  had 
enjoyed  a  favourable  opportunity  of  visiting  Hysgeir,  a  small  low  islet  about 
eighteen  miles  to  the  west  of  Eigg,  which  had  recently  been  identified  by  Professor 
Heddle  as  a  continuation  of  the  rock  of  the  Scuir.  He  was  able  completely  to 
corroborate  this  identification.  The  pitchstone  of  Hysgeir  in  its  external  forms 
and  ifitemal  striicture  precisely  resembles  that  of  Eigg,  presenting,  indeed,  so  dose 
a  resemblance  that  it  looks  like  a  detached  piece  of  the  high  ridge  of  the  Scuir. 
Unfortunately,  the  columnar  rock  eveiywhere  slips  under  the  sea,  and  allows  no 
trace  to  be  seen  of  what  it  rests  upon.  If  it  be  approximately  as  thick  as  it  is  in 
Eigg,  its  base  may  be  200  or  300  feet  below  sea4evel.  The  gradual  fsU  of  the 
river-bed  from  east  to  west  had  been  noticed  at  the  Scuir,  and  the  position  of  the 
pitchstone  at  Hysgeir  showed  a  continued  declivity  in  the  same  direction  of 
perhaps  as  much  as  35  feet  in  the  mile.  No  visible  rock  rises  to  the  surface  of 
the  sea  between  Hysgeir  and  Eigg.  The  region  has  been  intensely  glaciated,  and 
the  low  ridge  and  rocky  slopes  oi  Hysgeir  are  strewn  with  erratics,  which  show 
that  the  ice  moved  westwards  from  the  Invemess-ehire  highlands. 

A  much  older  river,  but  one  still  belonging  to  the  volcanic  period,  has  left 
some  interesting  records  in  the  islands  lying  to  the  north  of  Hysgeir.  A  succession 
of  coarse  rive]>gravels  are  there  found  intercalated  on  different  horizons  among 
the  bedded  basalts.  The  materials  of  the  lowest  of  these  conglomerates  are 
remarkably  coarse,  blocks  6  feet  in  length  being  occasionally  visiUe.  They  con- 
sist in  large  measure  of  volcanic  rocks,  especially  slaggy  and  amygdaloidal 
varieties.  These  constitute  the  largest  and  least  water-worn  blocks.  Pieces  of 
Torridon  sandstone,  epidotic  grit,  quartzite,  and  various  granites  and  schists  are 
generally  well-rounded  and  smooth,  and  especially  abound  in  the  finer  and  more 
stratified  gravels.  The  rapid  dying  out  of  thick  sheets  of  coarse  conglomerate  is  a 
conspicuous  feature  of  the  deposits,  their  place  being  sometimes  taken  by  layers  of 
fine  tuff  or  volcanic  mudstone,  or  by  shales  with  remains  of  land-plants.  Some 
portions  of  the  conglomerate  pass  into  true  volcanic  agglomerate,  and  this  latter 
rock  can  in  one  pla^  be  seen  to  rise  as  a  neck  enclosing  blocks  of  scorisa  and  basalt 
sometimes  15  feet  in  length. 

The  sequence  of  eventa  which  these  various  deposits  indicate  appears  to  be  as 
follows.  During  the  outpouring  of  the  lavas  of  the  great  basaltic  plateaux  of  the 
Inner  Hebrides  a  river  flowed  across  the  volcanic  plain  from  the  western  High- 
lands, whence  it  carried  large  Quantities  of  shingle.  By  successive  violent  floods 
these  materials,  together  with  the  detritus  of  the  lava-fields,  were  strewn  irregu- 
larly far  and  wide  beyond  the  immediate  channel  of  the  river.  In  the  pools 
left  behind,  fine  volcanic  silt  gathered  and  entombed  leaves  and  stems  of  the 
surrounding  terrestrial  vegetation.  But  volcanic  activity  still  continued,  and, 
though  cones  of  slags  and  pumice  were  swept  down,  new  eruptions  took  place  by 
which  masses  of  rock,  sometimes  9  feet  in  diameter,  were  thrown  out  to  a  distance 
of  a  mile  or  more,  and  fresh  streams  of  lava  were  poured  out,  completely  burying 
the  previous  accumulations.  Renewed  river-fioods  of  gradually  lessening  severity 
spread  fine  detritus  over  the  cooled  sheets  of  basalt,  and  again  these  later  fluviatile 
deposits  were  entombed  beneath  fresh  outbursts  of  lava.  Perhaps  no  more 
stnking  evidence  can  be  elsewhere  obtained  of  the  conditions  of  the  land-surface 
over  which,  from  many  scattered  vents,  the  materials  of  the  volcanic  plateaux  of 
the  Inner  Hebrides  were  slowly  piled  up. 
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d.  On  a  New  Method  of  Meeuuring  Crystals^  and  He  Applieatum  to  the 
Measurement  of  the  Octahedron  Angle  of  Potash  Alum  and  Ammonia 
.     Alum.    By  H.  A.  Mibrs,  M.A,,  F.G.S. 

The  two  fondameiital  laws  of  crystallographj— namely^  (1)  the  oonstanej  of  the 
angle  in  crystals  of  the  same  substance,  and  (2)  the  law  of  simple  ratioDal  indioea — 
seem  to  be  violated  hf  those  crystals  which  are  liable  to  inegular  variations  In 
iheir  angles,  or  those  which  have  the  simple  faces  replaced  by  complicated  'vicinal ' 
planes. 

Both  these  anomalies  axe  exhibited  by  potash  and  ammonia  alum.  Brilliant 
and  apparently  perfect  octahedra  of  these  salts  show  large  variations  in  the  octa- 
hedron angle ;  other  crystals  show  low  vicinal  planes  in  place  of  the  octahedron 
faces. 

If  it  be  true,  as  is  supposed,  that  the  octahedron  angle  varies  in  difiarent 
crystals,  it  would  be  interestmg  to  ascertain  whether  progressive  variations  can  be 
traced  during  the  growth  of  a  single  ciystal,  and  whether  some  or  all  of  the  octa* 
hedron  faces  change  their  direction  in  space  if  the  crystal  be  held  fixed  daring 
growth. 

In  order  to  solve  this  problem  a  new  goniometer  has  been  coustructed,  in  which 
the  crystal  is  fixed  at  the  lower  end  of  a  vertical  axis,  so  that  it  can  be  immersed 
in  a  li(}nid  during  measurement. 

This  device  is  in  reality  an  inversion  of  the  ordinary  goniometer  with  horizontal 
disc;  the  liquid  is  contained  in  a  rectangular  glass  trougn  with  parallel-plate  sides; 
one  side  is  placed  rigidly  perpendicular  to  the  fixed  collimator,  and  the  other  is 
perpendicular  to  the  telescope,  which  is  set  at  90°  to  the  collimator.  The  trough  is 
supported  on  a  table  which  can  be  raised  and  lowered,  so  that  the  crystal  can  be 
placed  at  any  required  depth  in  the  liquid.  If  the  liquid  used  be  its  own  concen- 
trated solution  the  crystal  can  be  measured  during  growth,  and  the  changes  of 
angle,  if  any,  can  be  obserTed  at  difl*erent  stages. 

In  order  that  it  may  be  held  rigidly,  the  crystal  is  mounted,  when  small,  in  a 
platinum  clip,  which  it  envelops  as  it  grows  larger. 

The  results  derived  from  the  measurement  of  a  large  number  of  alum  crystals 
are  as  follow : — 

(1)  The  faces  of  the  regular  octahedron  are  never  developed  upon  alum  grrowing 
from  aqueous  solution. 

(2)  The  reflecting  planes  (which  are  ofton  very  perfect^  are  those  of  a  very  fiat 
triangnlar  pyramid  (triakis  octahedron)  which  overhes  eacn  octahedron  face. 

(§)  The  three  faces  of  this  triangumr  pyramid  may  be  very  unequal  in  sin. 

(4)  The  triakis  octahedron  which  replaces  one  octahedron  face  may  be  different 
from  that  which  replaces  another  octahedron  face  upon  the  same  crystal. 

(5)  During  the  growth  of  the  crystal  the  reflectmg  planes  change  their  mutual 
inclinations ;  the  triakis  octahedron  becomes  in  general  more  acute,  t>.,  deviates 
further  from  the  octahedron  which  it  replaces,  as  the  crystal  grows. 

(6)  This  change  takes  place  not  continuously,  but  per  saltiim,  each  reflecting 
plane  becoming  replaced  by  another  which  is  inclined  at  a  small  angle  ^generally 
about  three  minutes)  to  it. 

(7)  During  growth  the  fiiu^es  are  always  those  of  triakis  octahedra ;  if,  owing 
to  rise  of  temperature,  re-solution  begins  to  take  place,  faces  of  icositetrahedra  are 
developed. 

Conclusions, 

The  above  observations  prove  that  the  growth  of  an  alum  crystal  expresses  an 
ever-changing  condition  of  equilibrium  between  the  crystal  and  the  mother  liquor. 
It  does  not  take  place  by  the  deposition  of  parallel  plane  layers ;  new  faces  are 
constantly  developed :  since  these  succeed  one  another  per  saltum  they  doubtless 
obey  the  law  of  rational  indices,  though  not  that  of  simple  rational  indices. 

From  the  mutual  inclinatiots  of-these.:dcinal  faces  it  is  possible  to  calculate 
with  absolute  accuracy  the  angle  of  the  faces  to  which  they  symmetrically  approxi- 
mate.   This  angle  is  found  to  be  that  of  the  regular  octahedron,  7Q°  ^^'-i  ^® 
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Octahedron  angle  of  alum  is  not,  therefore,  as  appeared  fiom  the  obeerrationa  of 
Pfaff  and  Brauna,  subjeet  to  any  variation. 

The  angle  at  which  a  given  vicinal  plane  is  inclined  to  the  octahedron  face  is 
independent  of  the  area  of  the  plane,  and  of  the  temperatore  of  the  solution  and 
of  the  barometric  pressure :  it  appears  to  be  conditioned  by  the  ooncentraticm  of 
the  solution  at  the  sur&ce  of  the  plane. 

In  confirmation  of  this  view  it  is  found  that  the  upper  and  lower  portions  of  an 
octahedron  face  which  stands  vertical  are  often  replaced  by  two  different  triangular 
pyramids ;  also  that  the  three  faces  of  one  such  pyramid  are  at  a  given  moment 
not  necessarily  equally  inclined  to  the  octahedron  face  which  it  replaces. 

When,  as  is  often  the  case,  one  of  the  three  vicinal  planes  is  laige  and  the 
other  two  are  too  small  to  give  a  visible  reflexion,  the  face  appears  to  be  a  single 
reflecting  plane.  It  ia  this  which  has  been  mistaken  for  the  octahedron  face  in 
previous  observations. 

Similar  phenomena  of  growth  are  exhibited  by  crystals  of  other  substances 
belonfring  to  difierent  systems.  The  conditions  of  equilibrium  between  the  crystal 
and  ^e  solution  are  such  that  vicinal  planes  appear  in  place  of  simple  forms ; 
these  vary  with  the  concentration  of  the  solution,  and  give  rise  to  variations  in  the 
measured  angles  which  are  only  apparently  anomalous.  Their  true  position  can  be 
determined  on  a  crystal  of  cubic  symmetry  (such  as  alum)  whose  theoretical  angles 
are  known. 

A  further  studv  of  the  faces  developed  during  the  growth  of  crvstals  will,  it  is 
hoped,  lead  to  a  better  understanding  of  the  reasons  why  a  simple  face  like  the 
octahedron  should  not  be  a  surface  of  equilibrium,  and  of  the  relation  between 
the  vicinal  planes  and  the  structure  of  the  crystal. 


4.  A  Comparison  of  the  Pebbles  in  the  Trias  of  Budleigh  SaUerton  and  of 
Cannock  Chase.    By  Professor  T.  G.  Bonney,  D.Sc,,  LL.D.,  F.B.S, 

The  pebbles  in  the  two  deposits  correspond  in  certain  respects.  In  both  vein 
quartz  and  various  quartzites  are  abimdant,  with  certain  dark  green  rocks,  which 
undoubtedly  in  some,  probably  in  most,  cases  owe  their  colour  to  minute 
tourmaline.  The  compact  quartzites  so  common  in  Staflbrdshire  are  found  in  the 
Devonshire  deposit,  but  less  abundantly,  while  other  quartzites  more  rare  in  the 
former  are  commoner  in  the  latter.  A  quartz-felspar  grit  like  the  Torridou 
Sandstone  occurs  in  both.  The  following  are  points  of  difference.  The  shape  of 
the  Staffordshire  pebbles  is  nearer  to  a  prolate  spheroid,  that  of  the  Devonshire  to 
an  oblate  one:  igneous  rocks  are  much  rarer  in  the  latter,  and  the  compact 
tourmaline  rocks  in  the  former.  The  author  thinks  that  the  pebbles  at  Budleigh 
Salterton  must  have  travelled  from  a  more  or  less  south-westerly  quarter,  and 
that  the  frequent  correspondence  of  materials  indicates  that  somewhat  similar 
detrital  rocks  fringed  the  archsBan  rocks  of  the  ancient  western  land  in  localities 
far  apart. 

5,  On  a  Soda-Felspar  Bock  at  Dinas  Head,  North  Coast  of  Cornwall, 
By  Howard  Fox. 

Dinas  Head  adjoins  Trevose  Head,  four  miles  west  of  Padstow. 

The  base  and  foreshore  of  the  headland  appear  to  be  entirely  composed  of 
greenstone  containing  much  calcite,  probably  an  altered  dolerite. 

Between  the  greenstone  and  the  slate,  as  well  as  interbedded  with  the  slate, 
occurs  a  rock  which  covers  about  an  acre.  It  assumes  various  characters,  all  of 
which  contain  nearly  10  per  cent,  of  soda  and  from  64*4  to  66'6  of  silica.  The 
compact  varieties  are  crypto-crystalline,  and  might  easily  be  mistaken  for  cherts. 
The  concretionary  and  spherulitic  varieties  show  grains  and  blades  of  a  felspar 
which  is  doubtless  albite.  It  varies  in  colour  from  creamy  grey  to  light  brown  and 
dark  bluish-grey ;  it  weathers  white,  and  is  often  studded  with  cavitieSyfiUed  with 
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rusty  brown  material  contuning  ciystallified  quartz.  Thia  ruaty-ooloored  material 
occaaionallj  weathers  out  as  nodules  8-10  mm.  in  diameter,  projecting  10-15  mm. 
beyond  the  white  surface  of  the  rock.  In  other  places  this  rock  contains  lenticles 
and  concretions  of  calcareous  matter  of  considerable  size,  with  concentric  structures 
around  some  of  them.  When  interbedded  with  slate  it  is  densely  studded  with 
small  rusty  brown  spots,  sometimes  irregular  and  sometimes  of  such  forms  as  would 
be  yielded  by  rhombs ;  they  are  undoubtedly  pseudomorphs  after  carbonate.  It  has 
in  places  all  the  appearance  of  a  stratified  rock,  and  is  distinctly  bedded.  In  one 
locality  this  rock  assumes  a  nodular  form,  with  the  outer  edges  composed  of  spheru- 
lites  varying  from  2  to  10  mm.  in  diameter.  The  central  ^rtions  of  the  spherules 
are  composed  of  crypto-crystalline  material,  the  outer  portions  of  radiating  blades 
or  prisms  of  felspar,  presumably  albite.  Ferric  oxide  is  scattered  through  the  rock 
in  irregular  patches,  in  veins,  or  in  radial  streaks  between  the  blades  of  felspar,  or 
occasionally  it  is  almost  wholly  concentrated  in  the  polygonal  sutures  formed  by 
the  mutual  interference  of  adjacent  sphendites.  ^ 

The  gfreenstone  is  posterior  to  and  intrusive  in  this  soda  rock,  and  cuts  across, 
bends,  and  disorders  its  beds.  Extreme  crushing  has  in  places  altered  the  original 
junction  line,  and  thrust  planes  and  fault  breccias  are  seen.  Quartz  veins  traverse 
ix>th  rocks,  but  are  more  numerous  in  the  soda  rock. 

The  slate  is  interbedded  on  the  northern  side  of  the  headland  with  bands  of 
blue  limestone,  and  is  occasionally  studded  with  ferruginous  patches  and  nodules 
in  much  the  same  way  as  the  soda  rock. 

A  rock  containing  as  much  as  7*64  per  cent  of  soda  is  said  by  Kayser  to  occur 
as  a  contact  product  due  to  greenstone  in  the  Hartz.  The  Question  arises.  Is  this 
Dinas  Head  rock  an  adinole  or  a  soda  felsite — 1>.,  a  keratopnyre  P  The  presence 
of  ferriferous  carbonates  favours  the  theory  of  its  being  an  altered  sedimentary 
rock,  whilst  the  spheruUtic  and  concretionary  structure  favours  the  theory  of  its 
being  an  igneous  rock. 

6.  Report  of  the  Committee  on  Geological  Photographs. 
See  Reports,  p.  274. 


SATURDAY,  AUGUST  11. 
The  following  Reports  and  Papers  were  read  :«— 
I.  Report  of  the  Committee  onPalceoxoic  Phylhpoda, — See  Reports,  p.  271. 


2.  Report  of  the  Committee  on  the  Eurypterid-hearing  Depoeits  of  the 
Pentland  Eills.—See  Reports,  p.  302. 


3.  Preliminary  Note  on  a  New  Fossil  Fish  from  the  Upper  Old  Red 
Sandstone  of  Elginshire.    By  R.  H.  Traquaib,  M,D.^  F.R.S. 

These  remains  consisted  of  large  broad  thick  plates  gently  hollowed  in  boat- 
like fashion,  and  showing  no  articular  surfaces  along  any  of  their  free  margins. 
None  of  these  plates  had  been  found  entire,  though  pieces  had  occurred  of  over  a 
foot  in  length  and  a  quarter  of  an  inch  in  thickness.  To  these  plates  the  author  has 
given  the  name  of  Megalaspis  Taylori, 
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4/  On  the  Homes  and  MigrcUione  of  the  Earliest  Forms  of  Animal  Life 
as  indicated  by  Recent  Researches.  By  Hekrt  Hicks,  M.D,^  F.R.S.^ 
F.G,S. 

The  author,  after  giving  a  hiatory  of  the  finding  of  zones  of  animal  life  at 
lower  and  lower  horizons  in  the  Oamhrian  rocks  during  the  past  forty  years, 
referred  to  some  recent  evidence  which  points  to  the  extension  of  similar  forms  of 
life  over  veiy  large  areas.  That  there  were  many  centres  of  dispersion  in  different 
.parts  of  the  world  seems  certain ;  but  as  the  migrations  of  the  forms  found  on  each 
Aide  of  the  Atlantic  seem  to  have  taken  place  contemporaneously,  the  author  believes 
that  the  original  home  of  these  forms  must  have  been  at  some  point  in  the  Atlantic 
when  that  basin  was  much  narrower  than  it  is  at  present.  The  author  then  referred 
to  the  eyidence,  showing  a  gradual  development  m  these  earlier  forms  of  life,  and 
to  some  points  bearing  on  the  question  of  evolution. 


5.  On  some  Vertebrate  Remains  from  tJie  Rhcetic  Strata  of  Britain,   {Third 
Contribution.)    By  Montagu  Browne,  F.G.S.^  F.Z.S. 

LABTSUnCHOOONTIA. 

Parts  of  jaws  and  teeth  of  a  Labvrinthodont  Amphibian  are  found  commonly, 
though  very  imperfect,  in  the  '  bone-bed '  of  Aust  Clitf,  Gloucestershire.  So  much 
material  has  been  accumulated  that  it  may  be  as  well  to  record  that  ten  specimens 
of  the  pre-maxilla — showing  large  ^  tusks '  and  a  serial  outer  row  of  smaller  teeth — 
are  known  to  the  writer,  four  of  which  are  in  the  Bristol  Museum,  where  they  are 
labelled  '  Jaws  of  Enaliosaurians,'  and  six  others,  from  Aust  and  Westbnry-on- 
Severn,  are  in  his  own  possession.  One  of  theee  was  sent  as  the  *  scute  of  a  reptile ; ' 
and  another,  before  its  development  from  the  matrix,  was  so  much  like  a  coprolite 
as  to  lead  to  the  inference  that  others  may  have  been  previously  passed  over.  Of 
the  maxilla  there  are  six  large  portions  and  several  smaller  ones,  carrying  both 
large  and  small  teeth  of  two  distinct  characters.  Several  Inrge  and  many  small 
pieces  represent  the  mandible,  some,  near  the  symphysis,  showing  large  teeth.  Of 
teeth,  both  seated  upon  the  bone  and  broken  away,  there  are  a  great  many  examples 
of  sll  sizes.  Five  pieces  are  apparently  portions  of  the  palato-vomerine  element, 
carrying  large  and  small  teeth. 

Between  fifty  and  sixty  specimens  are  fragments  of  the  jaws,  and  there  are 
many  specimens  which  are  Sloubtless  portions  of  the  elements  of  the  skull  and  of 
the  thoracic  plates.  A  few  portions  of  limb-bones  are  doubtfully  referable  to  the 
Labyrinthodontia. 

The  definite  determination  of  the  pre-maxilla,  portions  of  the  maxilla,  man- 
dible, and  some  other  parts  of  the  Labyrinthodontia,  appears  to  be  a  new  record  for 
the  RhsBtic  of  Britain.  No  speculation  is  hazarded  as  yet  as  to  the  generic  or 
specific  determination  of  these  remains,  as  if  not  referable  to  Metoposaurus  {Meto^ 
frias)  diaffnofticuSf^  they  appear  to  have  affinities  with  Trtmatosaunu  in  the 
character  of  the  united  or  single  pre-maxilla,  and  by  the  large  tusks  being  internal 
to  the  serial  mandibular  teeth ;  on  the  other  hand,  the  anterior  or  '  tusk '  teeth  are 
lar^fre — some  of  them  }  in.  in  diameter — oach  with  a  correspondingly  large  pulp- 
cavity,  and  although  apparently  simply  plicated  in  the  exserted  portion,  yet  at  the 
extreme  base  the  plications  of  the  dentine  are  complex,  and  somewhat  resemble 
those  shown  in  the  teeth  of  Mastodonsaurus  Jiigen  as  figured  by  Meyer.^ 

The  presence  of  teeth  of  two  characters — ^large  or  Labyrinthodont,  and  small  or 
*  Saurichthyan  ' — in  the  same  jaws,  together  with  the  characters  of  the  external 
surface  and  alveolar  palatal  extension  of  the  maxilla  and  of  sections  thereof,  leads' 
to  the  conclusion,  hinted  at  in  the  last  Report  under  the  heading  of  Termatosaurus 
erocodiiinus,^  that  '  Saurichthys*  is  a  non-existent  piscine  genus,  and  that  jaws 

>  Miall,  Rep,  Brit,  Assoc,  1874,  p.  167 ;  bat  see  Lydekker,  Cat,  Foss,  Rep,  and 
Amph,,  p.  157. 

>  DU  Saurier  des  MusohelhaXhes  (1847-56),  Tab.  64,  fig.  2. 

•  Montagu  Browne,  i?^x7.  BrU,  Anoe,^  1893,  p.  749.  r^^^^T^ 
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^giired  under  that  headiDgr  are  mainly  referable  to  thoae  of  Labjrinthodontd,  and  tlutt 
teetb  of '  Saurichthys''  of  various  authors  can  be  definitely  assigned — 
*      1.  To  Labyrinthodontin,  sp. 

2.  To  PUsiosaurus  rostratus, 

8.  To  HybaduSf  sp.  (synsphysial  teeth). 

4.  To  dyrclepis,  sp.,  and  perhaps  Colobodus,  sp. 

*  RrsosTEUs.'  ^ 

This  genus  was  instituted  by  Owen  from  the  examination  of  a  single  anterior 
dorsal  vertebra  *  half  imbedded  in  its  pyritic  matrix  from  the  bone-bed  of  Aust 
Passage,  near  Bristol,*  and  of  other  portions  from  Westbury-on-Severn ;  the  type 
specimen  not  being  in  existence  has  apparently  presented  any  reference  to  similar 
specimens  since  that  time,  and  it  may  be  as  well  to  put  on  record  that  some  few 
nearly  perfect  examples  of  dorsal  and  other  vertebr»,  and  many  portions  of  others, 
of  the  character  of  tnoee  attributed  to  Rysostem  Choeni,^  have  been  procured  by  the 
writer  from  Aust  Cliff  and  Westbury-on-Sevem,  Gloucestershire. 

Whether  Ry9o$teu8  be  truly  a  reptile  is  not  mooted  at  present,  until  the  whole 
of  the  material  in  the  writer^s  possession  has  been  exhaustively  examined ;  but,  from 
the  striated  character  of  the  neural  and  hcemal  spines,  and  the  characters  of  the 
centra  of  the  vertebrse,  &c.,  the  resemblance  to  some  amphibian  such  as  Uroeor^ 
dyluB  Wandesfordii^  is  by  no  means  incomplete. 

DlNOSAUBIA. 

Phalangeals  similar  to  those  from  Aust  Cliff  in  the  British  Museum,  and  attri- 
buted to  Zanclodon  (P),  are  in  the  writer's  possession,  but  a  fairly  large  vertebra^ 
2^  in.  in  length  by  2  in.  in  height,  exclusive  of  the  neural  spine,  which  is  missing,  may 
pertain  to  Zanclodon,  or  is  perhaps  more  closely  allied  to  Massotpondyhu :  in  either 
case  this  vertebra  will  be  a  new  record  for  Britain.  limb-bones,  both  large  and 
small,  are  also  in  his  possession,  and  are  provisionally  assigned  to  this  order. 

! 

6.  On  some  Forma  o/ Saurian  Footprints  from  the  Cheshire  Tr 
By  Osmund  W,  Jeffs. 

The  picturesque  quarries  in  the  Lower  Eeuper  ^building  stones'  series),  situUted 
at  Storeton  Hill  in  Cheshire,  have  long  been  familiar  to  geologists  as  being!  the 
scene  of  the  earliest  discovery  in  England  of  the  famous  Cheirotherium  footprintsby 
Messrs.  Cunningham  and  Yates  in  1839.  Besides  the  impressions  of  Chdrotken 
and  Rhyncosaurus  (figured  by  Mr.  G.  H.  Morton,  F.G.S.,  in  his  *  Geology  of 
Country  around  Liverpool ')  these  quarries  yield  impressions  made  by  other  specl 
of  animals,  which  have  been  obtained  by  the  author  during  several  jeBXs'  stud 
of  the  district.  Some  of  these  forms  (hitherto  undescribed)  were  exhibited.  Tb<| 
include — 

(a)  Genus  non  det — Slab  of  Eeuper  sandstone  showing  hind  and  fore  feet  < 
a  smaller  animal  than  C  Stortonense,  with  narrower  toes,  which  curve  inw 
and  are  not  separated,  nor  do  they  radiate  as  in  true  species  of  Cheirotherium. 

(6)  Oenus  non  det — Tracks  of  a  small  animal  f  inch  in  length,  with  a  stubbjj 
foot  and  having  very  distinct  claws  on  the  digits.  ^  i 

(c)  Oenus  non  det — A  Ptill  more  minute  form,  ^  inch  in  length,  showing  four; 
digits  tapering  to  a  point,  with  no  vestige  of  claws.  \ 

(d)  An  oval  impression,  with  concave  terminated  digits  and  a  hinder  pro<l 
jecting  '  spur/    Toes  webbed.    This  may  be  the  impression  of  a  cfaelonian. 

»  R.  Owen,  Rep.  BrU.  Assoc.,  1841  (1842),  pp.  159, 160 ;  J.  Morris,  Cat,  BrU.  Foss.^ 
1864,  p.  353. 

»  A.  S.  Woodward  and  C.  D.  Sherbom,  Cat.  Brit  Foss.  Vert.,  1890,  p.  285J. 

•  T.  H.  Huxley  and  E.  Perceval  Wright,  Trans.  Roy.  Irish  Aead.,  18«7,  pp# 
369-362,  pi.  XX. 

*  The  paper  will  be  published  in  tuttenso  in  the  Geoloqieai  Uagatfne.  . 
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The  author  thinks  it  desirable  that  some  of  the  more  deQnite  forms  unong 
the  variety  found  on  the  slabs  from  the  *  footprint  bed '  at  this  quarry  should  be 
accurately  determined,  if  possible,  instead  of  being  included,  as  at  present,  under 
the  genend  term  of  *  Cheirotherian/ 

^  The  author  pointed  out  that,  although  fifty  years,  have  elapsed  since  its 
original  discovery,  the  nature  of  the  animal  which  made  the  impressions  is  still 
as  much  a  mystery  as  ever ;  and  that  the  more  we  study  the  known  forms  of 
Labyrinthodonts,  we  are  forced  to  conclude  that,  whatever  was  the  animid  by 
which  the  larger  five-toed  footprints  at  Storeton  were  made,  it  cannot  be  referred 
to  any  known  species  of  Labyrmthodont. 

Dr.  Tempest  Anderson  exhibited  in  the  Geographical  Section  Boom  a  series  of 
lantern  slides  illustrating  the  volcanoes  of  Iceland. 


MONDAY,  AUGUSTS, 
The  following  Reports  and  Papers  were  read  :— 

1.  Report  on  Erratic  Blocks, 
[Will  be  published  in  the  Report  for  1895.] 


2.  Report  of  the  Committee  on  the  High-level  Shell-hearing  Deposits  of 
Clava,  Sc. — See  Reports,  p.  307. 


3.  On  some  Lacustrine  Deposits  of  the  Glacial  Period  in  Middlesex. 
By  Hbnry  Hicks,  M,D.,  F.R.S.,  F.G.S. 

In  this  paper  the  author  refers  to  some  deposits,  consisting  of  stratified  ^vels, 
sands,  and  clay,  varying  in  thickness  from  a  few  feet  to  over  20  feet,  which  are 
spread  out  over  the  plateaux  of  Hendon,  Finchley,  and  Whetstone.  They  are 
freauently  covered  over  by  the  chalky  Boulder  Clay  with  northern  erratics;  but 
seldom  themselves  contain  other  materials  than  those  which  could  have  been 
derived  from  the  Tertiary  or  Cretaceous  series  in  the  south-east  of  England.  No 
marine  fossils  of  contemporaneous  age  have  been  found  in  these  deposita,  but 
remdins  of  land  animals  occur  occasionally  in  and  under  them.  The  author  has 
found  that  their  geographical  distribution  is  much  wider  than  has  usually  been 
supposed,  and  he  has  been  led  to  the  conclusion  that  they  must  have  been  deposited 
dur  ng  the  glacial  period  in  a  lake,  whose  waters  attained  to  a  height  of  nearly  400 
feet  above  present  O.D.  This  lake,  he  believes,  occupied  a  considerable  area  in  the 
south-east  of  England,  and  spread  for  some  distance  south  of  the  Thames,  but  was 
dammed  up  on  the  east  and  west  by  ice  and  morainic  matter.  As  the  lake  became 
gradually  reduced  in  size,  lakelets  were  formed  in  the  Thames  valley,  and  the 
stratified  deposits  now  found  there,  except  those  in  the  immediate  proximity  of  the 
present  Thames  and  its  tributaries,  date  back  to  that  period.  Man,  however,  lived 
in  the  valley  before  any  of  these  deposits  were  thrown  down ;  hence  it  is  that  the 
flint  implements  and  the  mammalian  remains  usually  occur  under,  or  in  the  lower 
parts  o^  the  deposits. 

4.  On  Sporadic  Glaciaiion  in  tl^e  Harlech  Mountains^ 
By  the  Rev.  J.  F.  Blake,  M.A.,  F.G.S. 

The  author  drew  a  distinction  between  two  results  of  glaciation — ^the  one, 
negative,  in  which  the  rocks  are  rounded  and  striated,  and  all  or  nearly  all  the 
debris  removed;  the  other,  positive,  in  which  the  rocks  are  covered  by  a  thick 
deposit  of  drift  with  boulders.    In  the  Harlech  Mountains  district  areas  showing 
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these  opposite  results  lie  side  hj  side.  Most  of  the  glaciation  is  of  the  negative 
Mnd,  but  the  areas  drained  1>7  the  Crawcwellt  and  the  Ys^tbin  axe  covered  by 
glacial  cones  of  dejection.  Tliis  diiTerence  is  accounted  for  in  the  first  instance 
by  the  local  drainage  being  opposite  to  the  general  drainage,  and  in  the  second 
by  the  small  size  of  the  gathering  ground  for  the  ice.  From  these  results  it  was 
argued:  1.  That  drift  deposits  are,  as  a  rule,  left  beyond  the  area  of  ice-flow. 
2.  That  no  submergence  could  possibly  have  taken  place  here  since  the  Glacial 
period,  or  the  features  above  noted  would  have  been  obliterated. 


5.  On  the  Probable  Temperatv/re  of  the  Glacial  Epoch. 
By  Professor  T.  G.  Bonnet,  D,Sc.,  LL.D.,  F.R.S. 

The  Alps  afford  a  means  of  estimating  the  highest  mean  annual  temperature  at 
which  glaciers  can  begin  to  form.  This  must  not  be  more  than  about  27^  F. 
They  also  indicate  the  limits  between  which  glaciers  of  various  moderate  sizes 
form.  The  author  finds  that  (assuming  the  present  levels  of  sea  and  land  un- 
changed) a  fall  of  20^  F.  mi^ht  just  bring  the  Welsh  glaciers  down  to  the 
sea-level,  would  certainly  do  it  for  the  Cambrian  hills,  and  would  probably 
produce  an  ice-shed  in  the  Highlands.  A  slightly  less  fall  would  suffice  for  the 
Alps  and  Pyrenees.  Again,  a  consideration  of  the  traces  of  glaciers  in  the 
Sierra  Nevada,  Sierra  Guadarama,  the  Apennines,  Corsica,  Auvergne,  the  Vosges, 
and  the  Schwartz wald  shows  that  these  indicate  a  fall  of  about  15°,  while  a 
greater  lowering  of  temperature  would  make  their  glaciers  too  large.  The  require- 
ments of  North  America,  New  Zealand,  Australia,  and  Tasmania,  and  other 
places  would  be  satisfied  by  about  16°,  and  in  some  cases  by  less.  The  limits 
accordingly  of  the  temperature  of  the  glacial  epoch  must  be  from  about  12°  to  20^ 
lower  than  at  present,  according  to  situation. 


6.  On  the  Inadequacy  of  the  Astronomical  Theory  of  Ice  Ages  * 
and  Genial  Ages.    -5^  Edward  P.  Oulverwbll,  M.A.^  F.T.C.D. 

In  reference  to  Sir  Robert  Ball's  numbers,  03  and  37,  giving  the  proportion  of 
summer  and  winter  heat  in  the  northern  hemisphere,  the  numbers  on  which  he 
bases  his  theory,  it  is  pointed  out  that  in  the  latitudes  with  which  the  Ice  Age  is 
conreradd  the  contrast  between  summer  and  winter  heat  is  vastly  greater  than  is 
shown  by  these  numbers,  which  lump  together  the  heat  everywhere,  at  the 
equator,  the  poles,  and  the  intermediate  latitudes.  Nevertheless,  though  the 
arguments  on  which  the  theory  is  based  may  be  made  much  more  clear  and 
striking  by  taking  the  heat  distribution  over  the  northern  part  of  the  hemisphere, 
the  method  of  calling  on  the  imagination  to  conceive  what  vast  difierences  of 
terrestrial  temperature  may  be  produced  by  a  slight  change  in  the  dailv  distri- 
bution of  the  (unchanged)  annual  heat  is  dangerous  as  not  being  sufficiently  based 
on  experience.  The  argument  is  that,  as  the  earth  is  kept  at  a  temperature  of, 
say,  400°  F.  above  zero  by  sun  heat,  we  might  expect  a  fall  of  10  per  cent,  to 
lower  the  temperature  by,  say,  40°  F.  But  in  this  argument  a  number  of  very 
important  elements  are  overlooked — the  diminished  radiation  from  the  cooler 
body,  the  great  time  reouired  for  any  considerable  cooling,  and  the  flow  of  heat 
by  water  and  air  from  tne  hotter  to  me  cooler  parts  of  the  terrestrial  surface.  In 
fact,  so  greatly  do  these  causes  modify  the  result  that  in  these  islands  we  now  live 
without  inconvenience  in  a  state  of  deprivation  of  solar  heat  during  our  coldest 
199  days  somewhat  greater  than  that  which,  continued  for  the  199  days  winter 
of  the  greafe'eccentricity  period,  was  believed  by  Sir  Bobert  to  involve  necessarily 
an  ice  age  over  the  northern  hemisphere. 

The  estimation  of  the  change  in  terrestrial  temperature  due  to  the  changes  of 
eccentricity  made  in  the  author^s  communication  is  obtained  by  an  entirely 

^  A  paper  giving  details  of  the  calculation  will  be  published  in  the  Phil,  Mag, 
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different  method.  The  comparatiye  amounts  of  solar  heat  for  the  Tarious- 
latitudes  are  calcukted  (a)  for  the  '  glacial '  winter  of  109  days  and  (6)  for  the 
coldest  109  days  of  our  present  winter.  The  result  may  he  expressed  thus :  In 
the  <ghicial'  winter  latitudes  40^  60^  60^,  70^,  and  80^  receive  about  as  much  heat 
in  their  109  coldest  days  as  44'''5,  54°,  64'',  74%  and  86''  receive  in  the  199  coldest 
days  at  ])resent.  Hence,  so  far  as  solar  heat  is  concerned,  the  utmost  effect  of  the 
eccentridty  would  he  to  shift  the  wintef  isothermals  by  4^  to  the  south,  the 
summer  isothermals  being  shifted  by  a  far  greater  amount  to  the  north.  Hence 
the  astronomical  theory  cannot  account  for  a  shift  of  the  isothermals  by  more  than 
4*^  S.  in  winter  and  an  average  of  more  than  10°  N.  in  summer — a  result  ludicrously 
inadequate  to  produce  an  ice  age  in  Great  Britain  or  Ireland,  or  in  the  United 
States,  unless,  indeed,  as  a  rpsult  of  the  '  j^lacial '  winter,  latitude  50°  receives  vastly 
less  heat  from  the  equatorial  regions  by  air  and  ocean  currents  than  latitude  54°  at 
present  receives  in  an  equal  time ;  and  the  general  principle  that  the  passage  of 
heat  to  equalise  temperature  is  greater  the  greater  the  dilierence  of  temperature 
between  the  hot  and  the  cold  bo^y  would,  if  applicable  here,  show  that  5(r  in  the 
glacial  period  should  receive  even  more  heat  than  50^  now,  so  that  we  should  not 
expect  as  great  a  shift  as  4°,  even  without  taking  account  of  the  increased  summer 
temperature. 

When  we  examine  the  genial  age  by  this  method  the  result  is  still  more 
remarkable.  The  calculations  in  the  paper  show  that  the  summer  and  winter 
isothermals  would  be  shifted  by  about  2^°  only  of  latitude  north  and  south 
respectively.  It  seems  entirely  'out  of  the  question  that  any  change,  direct  or 
inmrect,  depending  on  so  slight  a  cause  could  enable  walnut  trees  to  flourish  in 
Greenland. 

After  a  further  examination  of  the  astronomical  theory  as  put  forward  by 
Croll,  the  paper  deals  with  the  relation  of  existing  ice-fields  to  isothermals,  to 
iaobara,  and  to  contour  lines ;  and  the  belief  of  the  author  is  that,  while  no 
climatic  changes  due  to  causes  known  to  be  active  at  present  could  account  for 
the  genial  age,  a  local  glacial  period  might  easily  follow  from  changed  barometric 
conditions,  combined  with  a  gradual  elevation  of  land  in  a  northern  latitude. 
Hence  it  would  appear  that  either  genial  periods  and  glacial  periods  are  due  to  a 
shift  of  the  pole,  or  else  glacial  periods  are  due  primarily  to  elevation  of  the  land, 
while  the  genial  age  was  due  to  greater  solar  activity  and  greater  terrestrial  heat 
in  the  earlier  geological  ages. 


7.  On  the  Mechanics  of  an  Ice-aheet,    By  Rev.  J.  F,  Blakr,  M.A.,  F,O.S^ 

The  author  attempted  to  explain  how  an  ice-sheet  can  carry  boulders  up  a 
slope,  and  leave  them  at  a  height  of  1,000  feet  or  more  above  sea-level.  The  sides 
of  the  channel  are,  in  the  first  instance,  supposed  to  be  parallel,  so  that  the  mass  of 
ice  may  be  represented  in  a  diagram  by  its  longitudinal  section.  Taking  for 
simplicity  the  shape  of  the  surface  moved  over  to  be  represented  by  two 
straight  lines,  one  corresponding  to  the  slope  down  from  the  mountains,  the  other 
the  slope  up  from  the  sea  bottom  to  the  final  destination  of  the  boulders,  and  taking 
the  surface  of  the  ice  as  flat,  the  ice-sheet  is  represented  by  a  triangle.  This  is 
supposed  to  settle  down  in  such  a  way  that  thougn  the  level  of  the  end  is  higher, 
the  centre  of  gravity  of  the  whole  is  lower.  This  fall  of  the  centre  of  gravity  is 
the  effective  cause  of  the  motion  of  the  ice-sheet,  the  resistance  to  be  overcome' 
being  that  of  the  ice  to  change  its  shape.  If  the  ice-sheet  be  supposed  divided 
into  strips  parallel  to  the  slope  from  the  mountains,  these  will  be  like  a  series 
of  overlappmg  glaciers,  and  under  the  influence  of  the  pressure  will  swell  out 
at  the  bottom,  and  thus  push  the  further  end  of  the  whole  mass  a  little  way  up 
the  counter-slope.  Continual  additions  of  snow  at  the  end  where  the  ice-sheeV 
commences,  or  elsewhere  on  its  surface,  will  be  cuniulative  in  their  effects,  and  thus 
the  further  end  of  the  ice-sheet  will  ultimately  ascend  as  required.  Again  divide 
the  triangle  into  strips  by  lines  parallel  to  the  counter-slope.  The  lower  of  these- 
strips  will  be  pressed  together,  and  any  point  on  the  base  will  be  carried  on  in  the 
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direction  of  the  whole  motion  at  s  greater  rate  than  the  hij^her  layers,  and  thus 
the  stones,  &c,,  on  the  sea  bottom  will  be  pushed  up  to  their  final  resting-place, 
and  anomalies  of  distribution  might  thus  be  accounted  for  by  the  previous  mspersal 
of  the  boulders.  It  was  then  shown  that  differences  in  shape  of  the  ice-sheet  and 
its  spreading  out  at  the  further  end  will  make  little  difference  in  the  argument, 
and  under  certain  conditions  will  aid  the  motion. 

The  author  then  discussed  the  question  of  the  glacial  erosion  of  lakelets,  and 
indicated  the  conditions  under  which  this  is  possible,  particularly  referring  to  the 
difference  between  an  ice-sheet  such  as  that  dealt  with  in  the  paper  and  an  ordinary 
glacier. 

8.  Report  of  the  Committee  on  the  EWoUon  Cave. — See  Reports,  p.  270. 


9.  Report  of  the  Committee  on  the  Calf  hoU" Cave, — See  Reports,  p.  272. 


TUESDAY,  AUGUST  14. 
The  following  Papers  and  Reports  were  read : — 

1.  On  the  Permian  Strata  of  the  North  of  the  Isle  of  Man, 
By  Professor  Boyd  Dawkiks,  F.R.S. 

The  main  features  of  the  geology  of  the  island  are  identical  with  those  of 
Cumberland  and  Westmoreland.  The  Ordovician  strata  form  the  '  massif  in 
both  areas,  and  constitute  the  sea-worn  floor  upon  which  the  Carboniferous  rocks 
rest  unconformably.  The  Red  Sandstone  series  of  Peel,  1,3^  feet  in  thicknegs, 
occupies  but  a  very  limited  area,  extending  from  the  Creg  Malin,  along  the  sea 
fi!ont,  in  a  line  of  picturesque  clifis,  about  one  and  a  half  mile  to  the  north-east, 
and  extending  inland  about  1,700  feet.  The  rocks  may  be  divided  into  two  distinct 
groups.  First,  the  Peel  Sandstone  series,  or  Rot-Rottodt-Uegende,  which  presents 
a  thickness  of  913  feet,  and  the  calcareous  conglomerates  and  breccias  of  the  Stack 
series,  455  feet  thick,  representing  the  magnesian  limestone  of  the  Permians. 
These  rocks  are  faulted  into  the  Ordovidan  slates,  and  neither  thdr  true  base  nor 
their  upper  boundary  is  visible.  The  pebbles  of  Carboniferous  Limestone  in  the 
conglomerates  point  to  a  post-Carbomferous  age,  and  the  physical  characters  of 
both  divisions  are  identical  with  those  of  the  Permian  rocks  of  the  North  of 
England,  and  more  particularly  with  those  of  the  Lake  District,  of  the  Vale  of 
Eden  and  Barrow  Mouth,  described  by  Sedgwick,  Harkness,  Binney,  Eocles,  and 
Nicholson.  It  is  clear  that  north-eastern  Ireland,  the  northern  part  of  tiie  Isle  of 
Man,  and  the  area  of  the  Lake  District,  including  the  Vale  of  Eden,  were  parts  of 
the  same  Permian  marine  basin,  in  which,  as  it  approached  southern  Liuicashiret 
the  waters  became  more  highly  charged  with  mud,  the  calcareous  element  being 
conspicuous  in  the  one,  and  oeing  replaced  in  the  other  by  thick  accumulations  of 
marl. 


2.  The  Carboniferous  Limestone,  Triassic  Sandstone,  and  SaU-hearing  Mark 
of  the  North  of  the  Isle  of  Man.    By  Professor  Boyd  Dawkins,  F.R.S. 

The  Ordovician  slates,  quartzites,  and  conglomerates,  and  the  associated 
volcanic  rocks  of  the  *  massif^  of  the  island  ^dually  pass  underneath  the  sand, 
shingle,  and  clay  of  the  Boulder  Clay  series  m  going  northward  along  the  coast' 
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towards  &irk  Michael,  until  they  disappear  alto^ther  from  the  difs  and  the. 
shore.  They  stand  up  conspicuously  along  the  ancient  shore  line  extending  from 
Kirk  Michael  to  Ballaugh,  Sulby,  and  Kamsey,  commanding  the  low,  sandy,  and 
marshy  region  which  forms  the  northern  portion  of  the  island,  contrasting  in  its 
tlatneas  with  the  lofty  rolling  Ordovician  hills  behind,  culminating  in  Sartfell, 
Snaefell,  and  North  Barule.  This  contrast  is  obviously  the  result  of  a  ditfereDce 
in  the  physical  character  of  the  rocks  in  the  two  districts.  The  problem  as  to 
which  rocks  underlie  the  glacial  strata  in  the  former,  which  had  occupied  the 
author*s  mind  for  many  years,  is  now  partially  solved  by  the  three  borings  which 
have  been  made  under  his  advice  by  Messrs.  Grains  in  1891-4  in  search  of  the 
Goal-Measures  of  the  Whitehaven  field,  at  the  Point  of  Ayre,at  Blue  Point,  and  at 
Lhen  Moar.  The  boring  at  Lhen  Moar  revealed  the  existence  of  the  Carboniferous 
Limestone  at  a  depth  oi  167  feet  6  inches  below  the  drift.  The  next  bore-hole,  at 
Blue  Point,  about  4,050  feet  to  the  north-east  of  that  at  Lhen  Moar,  revealed  the 
presence  of  more  than  00  feet  of  Red  Sandstone  buried  171  feet  beneath  the  drift, 
jlie  Bed  Sandstone  in  this  section  is,  in  his  opinion,  identical  with  the  St.  Bees 
sandstone,  or  lowest  member  of  the  Triassic  formation  in  the  district  of  the  Lakes. 

This  conclusion  is  greatly  strengthened  by  the  discovery  in  the  third  boring  at 
the  Point  of  Ajre,  to  the  east  of  the  lighthouse,  of  the  Triassic  marls  with  salt,  at  a 
distance  of  a  bttle  under  five  miles  from  Blue  Point.  The  diamond  drill  was  used 
from  a  depth  of  462  feet  to  the  bottom.  The  total  thickness  of  the  salt-beds ' 
amounts  to  33  feet  6  inches,  and  the  bore-hole  happened  also  to  intersect  a  brine  run 
2  feet  6  inches  in  depth.  If  this  section  be  compared  with  that  published  by  Mr. 
Dickenson  of  the  sahferous  marls  of  Duncrue,  near  Carrickfergus,  it  will  be  found 
to  be  practically  identical.  The  same  series  of  salt-bearing  mnrls  is  also  worked  at' 
Barrow-in-Furness  and  at  Preesal,  near  Fleetwood.  The  salt-beds  in  each  of  these 
cases  are  variable  in  thickness,  and  those  in  the  Isle  of  Man  are  thinner  than  in  the 
other  localities.  It  must,  however,  be  remembered  that  the  Manx  boring  has  not' 
been  put  down  to  a  sufficient  depth  to  test  the  true  thickness  of  the  salt-field.  The 
discovery  is  of  great  theoretical  importance,  because  it  links  on  the  deposit  at 
Barrow  to  that  of  Carrickfergus,  and  shows  that  the  Irish  Sea  was  an  area  in  which 
the  salt-bearing  Triassic  maru  were  deposited.  It  points  towards  the  truth  of  Mr. 
Dickenson's  suggestion  that  the  Cheshire  salt-field  was  formerly  continuous  with 
that  of  Ireland.  These  marls  have  since  been  broken  up,  faulted,  and  denuded' 
away  in  many  places.  It  is  an  open  question  how  far  those  of  the  Isle  of  Man 
are  now  continuous  under  the  sea  eastwards  to  Barrow  and  Fleetwood,  and  to  the 
north-west  in  the  direction  of  Carrickfergus. 

All  these  rocks  are  buried  under  a  great  thickness  of  boulder  sand,  gravel,  and 
clay,  amounting  at  the  Point  of  Ayre  to  298  feet.  To  this  also  must  be  added  the 
height  of  the  drift  hills  close  by,  formed  of  the  same  materials,  which  would  give  the 
total  thickness  as  not  less  than  460  feet  in  the  extreme  north.  The  rocky  floor  on 
which  it  rests  dips  rapidly  to  the  north-east  towards  the  deeper  part  of  the  Irish 
Sea. 

The  discovery  of  this  salt-field  is  likely  to  add  a  new  industry  to  the  resources 
of  the  Isle  of  Man.  

3.  Strictwrea  on  the  CurrerU  Method  of  Geological    Clcbssijieation  and 
J^omendature,   with    Proposals  for  its  Eevision,      By   Sir  Henbt 

HOWOBTH,  F.jR.S, 

4.  On  the  Pleistocene  Gravel  at  Wolvercote^  near  Oxford, 
By  A.  MoNTGOMBRiK  Bell,  M.A. 

The  section  Is  a  typical  illustration  of  a  somewhat  advanced  period  of 
Quaternary  time,  and  in  its  general  features  resembles  the  sections  at  Hoxne  and 
Bedford,  originally  published  by  Sir  John  Evans,  while  it  is  very  different  from 
the  implementiferous  beds  of  an  earlier  age  which  are  found  on  the  Greensand 
escarpment  of  Kent  and  Surrey. 
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(1)  The  Oxford  clay,  the  bed-rock  of  the  district,  is  furrowed  at  the  sarfaoa^ 
into  wavy  hollows,  irregularly  tilled  with  earth  containiDg  quartz,  lydlan-fltone, 
and  quartzite  pebbles,  and  bunches  of  unstratified  gravel  from  the  Thames  basin* 
It  is  certainly  a  northern  drift,  in  the  writer's  opinion  a  glacial  drift. 

(2)  At  Wolvercote  this  drift  is  invaded,  and  for  a  certain  distance  removed  by 
river  action,  which  has  hollowed  out  the  clay  to  a  depth  of  17^  feet,  and 
subsequently  filled  up  the  hollow  with  horizontal  layers  of  gravel,  mud,  and  sand. 

(3)  The  junction  where  the  river  eats  into  the  drift  is  clearly  visible.  Th» 
bai^  of  drift,  underworn  by  the  water,  overhangs  the  horizontal  layer, 

(4)  The  lowest  bed  of  the  riverine  deposits  differs  from  the  others :  it  consista 
of  2^  feet  of  gravel  and  sand,  in  lenticular,  shorn,  and  current-bedded  lavers^ 
showing  by  the  size  of  the  pebbles  a  somewhat  rapid  current.  At  the  very  Dase, 
half  embedded  in  the  clay,  many  mammalian  bones  have  been  found,  and  six 
Palaeolithic  implements.  The  implements  represent  well-known  types  of  the  river* 
valley  period,  and  the  mammoth  is  conspicuous  among  the  animal  remains,  though 
JEquus,  Cermu  elaphus,  and  Biion  priscus  are  also  present. 

Layers  of  sand  are  intercalated  with  the  gravel,  from  which  eleven  species  of 
shells  have  been  identified.  They  are  all  recent  and,  generally  speaking,  stunted 
in  size. 

(6)  Above  the  gravel  are  two  inches  of  sandy  peat,  marking  a  land  surface  of 
aome  duration.  Nine  plants  were  identified  by  Mr.  Clement  Keid,  which  are  all 
species  still  to  be  founa  in  the  immediate  neighbourhood. 

(6)  For  14^  feet  sand  and  mud  follow  in  successive  layers.  In  these  no  fossil 
has  been  found.  They  indicate  quiet  river  action  and  an  increase  of  pluvial 
conditions. 

(7)  Towards  the  surface  they  are  traversed  by  an  irregular  line  of  trail,  which 
marks  apparently  the  movement  of  a  sludgy  mass  along  the  surfacoi  punching  it. 
downwards  by  its  weight. 

(8)  The  surface  level  at  Wolvercote  is  240  feet  above  Ordnance  datum.  Th^ 
adjacent  river  surface  is  105  feet.  The  gravel  at  Somerton  and  Oxford  is  about 
218  feet.  Thus  between  the  two  gravels  there  is  a  distance  of  22  feet.  At  thd 
present  rate  of  erosion  many  thousands  of  years  would  be  necessary  to  remove 
22  feet  from  the  general  surface ;  but  the  fact  that  the  remains  of  man  and  of 
animals  are  the  same  in  both  gravels  proves  that  they  belong  to  a  similar  age». 
though  the  gravel  at  Wolvercote  is  somewhat  older  than  the  other.  We  must 
therefore  consider  that  the  denuding  agents — rain  and  frost — were  more  active  at 
that  period  than  they  are  at  the  present  day. 


6.  On  Prehistoric  Man  in  the  Old  Alluvium  of  the  SabamuUi  River  tn- 
Gujarat^  Western  India.    By  R.  Bruce  Foots,  F.G.S^ 

Two  finds  of  chipped  (Palaeolithic)  implements  were  made  in  a  bed  of  shingle 
occupying  a  definite  horizon  in  the  lower  part  of  the  old  alluvium  of  the  Sabarmati' 
in  latitudes  23''  25'  and  23^  40'  N.  (about  330  miles  north  of  Bombay).  The 
implements  were  found  at  a  depth  of  about  70  feet  below  the  surface  of  the 
alluvium,  which  is  here  over  100  feet  thick.  The  alluvium  is  overlaid  by  loss 
and  wind-blown  loam,  which  varies  from  80  to  150  feet  in  thickness.  The  river 
has  cut  itself  a  bed  varying  from  100  to  200  feet  in  depth  in  these  deposits,  show-' 
ing  that  a  great  interval  of  time  must  have  elapsed  since  the  deposition  of  the  old 
alluvium  in  which  the  implements  are  embedded.  On  the  surface  of  the  loss, 
and  in  many  cases  on  the  summits  of  the  blown-loam  hills.  Neolithic  remains  ia 
the  form  of  flint  flakes  and  cores  of  the  Jabalpur  type  were  found  together  with 
fragments  of  archaic  pottery. 

6.  On  the  Shape  of  the  Banks  of  Small  Channels  in  Tidal  Estuaries. 
By  Professor  H.  Henkessy,  F,R.S. 

Many  years  since  my  attention  was  attracted  by  the  peculiar  shape  of  the  soft 
jnud  banks  bordering  the  channels  through  which  water  drains  ofi'  the  beds  of. 
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tidal  estuaries.  These  banks,  instead  of  presenting'  sloping  jjlanes  or  concaTe' 
surfaces,  are  always  oonyez  when  the  matter  of  whidb  they  are  formed  is  soft  and 
yielding.  A  section  of  such  a  pair  of  banks  would  present  an  approximation  to  ft 
cusp  in  the  middle  portion. 

This  peculiar  outline  is  manifestly  due  to  the  action  of  water  on  the  yielding- 
matter.  A  few  years  since  I  found  a  result  which  may  assist  in  exploring  thiB 
phenomenon.  The  Telocity  of  water  in  a  channel  is  well  known  to  depend  on  the 
ratio  of  the  area  of  the  cross-eection  to  its  perimeter.  This  ratio  is  variable  in  all 
known  channels  of  water  flowing  through  rigid  materials  such  as  canals  and  rivers. 

On  investigating  the  form  of  section  corresponding  to  a  constant  ratio  of  the 
quantities  referred  to,  I  found  that  it  would  be  represented  by  a  pair  of  catenaries 
with  their  ends  meeting  so  as  to  form  a  cusp  like  that  in  the  estuary  channels.^ 
The  result  would  be  that,  with  every  depth  of  water  in  such  a  channel,  the  flow 
would  have  nearly  the  same  velocity. 


7.  Report  of  the  Committee  on  Earth  Tremors. — See  Beports,  p,  145. 


8.  Interim  Report  of  the  Committee  on  the  Investigation  of  a  Coral  Reef 


9.  Report  of  the  Committee  on  Underground  WtUers.—Bee  Reports,  p.  283. 


10.  Report  of  the  Committee  on  the  Marine  Zoology  of  the  Irish  Sea. 
See  Reports,  p.  318. 


11.  On  a  Keuper  Sandstone  cemented  by  Barium  Sulphate  from  the 
Feakstones  Rock,  Alton,  Staffordshire.    By  W.  W.  Watts,  3f.A.,  F.G.S. 

Professor  F.  Clowes  '  has  described  a  sandstone  from  the  Himlack  Stone,  near 
Nottingham,  in  which  the  grains  are  cemented  with  ciystalline  barytes,  the 
amount  of  this  material  varying  from  28  to  60  per  cent,  in  difl'erent  specimens. 
This  rock  occurs  at  the  base  of  the  Keuper  Sandstone  of  that  locality.  A  some- 
what similar  rock,  occurring  at  about  the  same  horizon,  is  described  by  Mr.  A. 
Strahan,'  from  Beeston  Castle  in  Cheshire,  and  the  same  author  refers  to  the  frequent 
occurrence  of  barytes  in  the  Keuner  breccias. 

Bearing  these  facts  in  mind,  the  writer  visited  a  curious  isolated  stack  of  rock^ 
called  the  '  Feakstones  Hock,'  near  the  village  of  Alton  in  Staflbrdsbire,  which  is 

Soured  in  Frofessor  Hull's  memoir  on  *  The  Triassic  and  Permian  Hocks  of  the 
idland  Counties  of  England.'  This  stack  is  made  of  the  lower  beds  of  Keuper 
Sandstone,  but  its  outer  portion  has  lost  whatever  cement  it  may  once  have  con- 
tained. It  is,  however,  situated  at  the  end  of  a  spur  which  projects  into  a  valley^ 
and  exposes  a  good  deal  of  bare  rock.  This  rock  contains  what  at  first  look  like 
several  veins  of  barytes  two  or  three  inches  thick,  striking  along  the  spur  and 
straight  through  the  place  occupied  by  the  Feakstones  Hock.    On  examination  of 

*  Proeeedingt  of  the  Boyal  Society,  vol.  xliv.  p.  108. 

*  Rep.  Brit.  Auoc,  1885,  p.  1038 ;  1889,  p.  594 ;  1893,  p.  732  ;  and  Proo.  Roy. 
8oo.,  voL  xlvi.  pp.  363-369. 

*  Mem.  Qeol.  Survey.    Exp.  Quarter  Sheet,  80,  8.W.,  p.  7. 
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apecimans  the  veins  are  seen  to  be  pknes  along  which  the  sandstone  is  cemented 
hj  barytes.  The  specific  grayity  of  the  rock  is  3-09,  and,  as  the  grains  are  chiefly 
suhangular  fraf^ments  of  quartz  and  felspar,  it  must  contain  amut  38  per  cent, 
of  barytes.  This  almost  insoluble  cement  has  undoubtedly  ^ven  rise  to  the  spur 
aboye  alluded  to,  and  almost  as  certainly  has  caused  the  surriyal  of  the  Peakstones 
Rock,  which  now,  however,  is  so  much  exposed  to  the  weather  on  all  sides,  and  both 
to  mechanical  and  chemical  disintegration,  that  if  any  cement  is  still  left  it  can  only 
be  in  tJie  inner  part  of  the  mass  which  cannot  be  reached  by  ordinary  means.  Anotiier 
specimen  from '  West  of  Kent  Green,  near  Gonirleton,' containing  baiytes,  and  with 
a  structure  yery  like  that  described  by  Mr.  Strahan,  was  also  referred  to.  The 
paper  was  illustrated  by  a  set  of  photographs  which  the  author  owed  to  the  kind* 
nees  of  Mr.  A.  A.  Armstrong  and  Mr.  P.  Simpson. 


12.  Report  of  the  Commitiee  on  the  Toleanic  Phenomena  of  Yeeumue. 
See  Reports,  p.  315. 


Digitized  by  VjOOQIC 


TRANSACTIONS  OF  SECTION   D.  667 


SBonoM  D.— BIOLOGY. 

PBEBiDEirr  OP  TKB  Seotiok.— PiofesBor  I.  Batlit  Balfoub, 
M.A.,  F.R.S.,  F.R.S.E. 


THURSDAY,  AUGUST  9. 

[For  the  President's  Address  see  below.] 

The  following  Reports  were  read : — 

1.  Report  an  InvestigatwM  made  at  the  Zoological  Station,  Naplee. 
See  Reports,  p.  335. 


2.  Report  on  Investigatione  made  at  the  Laboratory  of  the  Marine 
BiclogicaL  Association,  Plymouth, — See  Reports,  p.  345. 


3.  Report  on  the  Zoology  of  the  Sandtmch  Islands. — See  Eeports,  p.  343. 


4.  Report  on  the  Fauna  and  Flora  of  the  West  India  Idands, 
See  Reports,  p.  344. 


5.  Report  on  the  Index  Generum  et  Specierum. — See  Reports,  p.  347, 


The  President  delivered  the  following  Address: — 

The  prospect  of  visiting  Oxford  to-day  has,  I  am  sure,  been  to  aU  of  us  a  pleasant 
one,  and  we  who  are  specially  interested  in  biology  have  looked  forward  to  our 
meeting  at  this  time  with  the  distinguished  members  of  the  Oxford  Biological 
School.  But  as  we  gather  here  there  will,  I  think,  be  preseot  to  the  minds  of  all 
of  us  a  thought  of  one  member  of  that  school,  whom  we  had  hoped  to  meet,  who 
is  recently  gone  from  it  in  the  prime  of  his  inteUectual  life.  By  the  death  of 
George  John  Romanes  biological  science  is  bereft  of  one  of  its  foremost  exciters, 
Oxfonl  is  deprived  too  soon  of  one  whose  mental  power  was  yet  in  its  zenith,  and 
each  one  of  us  who  knew  him  cannot  but  feel  a  deep  sense  of  personal  loss ;  and 
we  shall  in  our  meeting  here  sadlv  miss  the  man  brimming  with  a  geniality  which 
robbed  differences  of  their  difficultv  and  charmed  awa^r  biUemess  from  those  con- 
troversies in  which  he  revelled.  This  is  not  the  occasion  upon  which  to  dwell  on 
his  character,  his  merits,  or  his  work.  We  must  all,  I  think,  have  appreciated  the 
graceful  accuracy  with  which  these  were  sketched  in  the  pages  of  '  Nature '  by  one 
of  his  colleagues;  bat  under  the  shadow,  as  we  are  here,  of  his  recent^eath,  I 
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believe  I  give  utterance  to  feelings  every  one  of  you  would  wish  ezprewed  id 
paying  this  passing  tribute  to  bis  memuij  from  the  chair  of  the  Section  of  the 
Association  devoted  to  the  subject  of  his  hfe-work. 

I  cannot  open  the  business  of  the  Section  without  referring  to  the  fact  that  its 
organisation  appears  to  be  variable,  like  the  objects  of  its  study.  It  has  changed 
its  constitution  more  than  any  other  Section  of  the  Association,  under  influenoea 
partly  from  within  in  the  strength  of  its  elements,  partly  from  without  in  the  local 
circumstances  of  its  meetings.  At  its  origin  it  was  the  Section  of  Botany,  Zoology, 
Anatomy,  and  Physiologv ;  in  the  following  year  anatomy  and  phjsiology  became 
a  new  Section,  £,  only  after  some  years  to  merge  again  in  the  ongmal  one.  Then 
a  partition  was  tried— a  jphysiology  department  and  an  anthropology  department 
were  formed  within  Section  D ;  but  the  Montreal  meeting  saw  anthropology  as 
Section  H  of  the  Association  and  physiology  again  an  integral  portion  of  Section  D. 
This  year,  as  you  are  aware,  physiology — I  must  be  careful  to  say  animal  phva- 
ology — has  again  become  a  definite  Section — I.  Whether  or  no  the  habit  thus 
acquired  through  the  environment  of  Oxford  will  be  so  permanent  as  to  be  trans- 
mitted and  appear  at  future  meetings  of  the  Association  is  a  problem  upon 
which  I  refrain  from  speculating ;  my  reason  for  mentioning  this  matter  at  ail  is 
to  point  out  that,  as  in  previous  devolutions  of  subjects  from  Section  D,  animal 
physiology  is  the  onlv  physiologv  which  is  concemedf.    It  was  part-  of  the  oriirinal 

Sroposal  that  plant  physiology  snould  form  a  portion  of  the  province  of  Section  !• 
'o  this  the  botanical  members  of  Section  D  are  unable  to  assent.  We  all  readilj 
admit  that  the  development  within  recent  years  of  our  knowledge  of  plant-life  is 
entirely  in  the  direction  of  bringing  to  light  fundamental  similarities  between  the 
vital  processes  in  plants  and  in  animals.  To  no  one  do  we  owe  more  in  this  sphere 
of  investigation  than  to  two  of  the  distinguished  botanists  from  Germany  whom 
we  are  glad  to  welcome  at  this  meeting — ^Professors  Pfeffer  and  Strasburaer. 
And  we  fully  reciprocate  the  desire  for  mutual  comment  and  criticism  implied  in 
the  suggestion  of  combination.  But  allowing  these  as  grounds  for  the  conjoint 
treatment  of  the  physiology  of  plants  and  animals  in  one  section,  what  we  botanists 
feel  is  that  we  are  a  compact  bodv  of  workers  in  a  science  the  boundaries  of  which 
it  is  at  present  not  difficult  to  define,  and  that  to  divorce  physiolo^  from  mor- 
phology and  other  branches  of  botany  would  tend  to  loosen  our  cohesion,  would,be 
to  go  against  the  current  of  our  progress,  and  would  take  all  the  vitality  from  our 
discussions.  To  have  papers  on  plant  phvsiologjr  dealt  with  in  Section  I,  whilst 
those  on  other  botaniciu  subjects  were  dealt  with  in  Section  D,  would  be  not  merely 
an  extremely  inconvenient  arrangement,  from  causes  inherent  in  the  subjects 
themselves,  but  would  strike  at  that  fraternity  and  spirit  of  camaraderie  amongst 
those  treading  the  same  path  of  science,  the  promotion  of  which  is  the  chief,  if 
not  the  only,  function  the  British  Association  now  fulfils.  At  the  outset,  there* 
fore,  of  our  meetings,  1  wish  to  make  it  known  that  papers  and  discussions  on  all 
botanical  subjects  will  take  place  in  Section  D. 

And  now  I  pass  to  the  special  topic  upon  which  I  am  to  address  vou.  In 
selecting  it  I  have  followed  the  lead  of  those  of  mv  predecessors  in  this  chair  who 
have  used  the  opportunity  to  discuss  a  practical  subject.  Forestry,  about  which  I. 
purpose  to  speak,  is  a  branch  of  applied  science  to  which,  in  this  country,  but  little 
attention  has  been  given  by  an^  class  of  the  communitv.  By  scientific  men  it  has 
been  practically  ignored.  Yet  it  is  a  division  of  Rural  Economy  which  ought  to 
be  the  basis  of  a  large  national  industry. 

There  are  no  intrinsic  circumstances  in  the  country  to  prevent  our  growing 
trees  as  a  profitable  crop  for  timber  as  well  as  our  neighbours.  On  the  contrary, 
Great  Britain  is  specially  well  adapted  for  tree-growing.  We  have  woodlands  of 
fine  trees,  grown  after  traditional  rule-of-thumb  methods,  abundant  in  many  dis- 
tricts. The  beauty  of  an  English  landscape  lies  in  its  trees  and  its  pastures.' 
Nowhere  in  the  world,  probably,  are  to  be  found  finer  specimens  of  tree-growth. 
As  arboriculturists  we  are  unrivalled.  But  the  growing  of  trees  for  efiect  and  in 
plantations  is  a  very  difierent  matter  from  their  cultivation  on  scientific  principles, 
for  the  purpose  of  yielding  profitable  crops.  This  is  sylviculture.  The  guiding 
lines  of  the  two' methods  of  culture  are  by  no  means  the  same — ^nay,  they  may  be 
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Opposed ;  and  it  is  the  sylvicultural  aspect  of  the  science  of  forestry  which  has 
hitnerto  been  neglected  in  this  country.  The  recognition  of  this  is  no  new  thing. 
But  within  recent  years  it  has  attracted  considerable  public  attention,  as  the  im- 
portance of  wood  cultivation  in  our  national  life  has  been  more  realised ;  and 
although  various  proposals  have  been  put  forward,  and  some  little  effort  made  for 
the  purpose  of  remedying  the  admittedly  unsatisfactory  state  of  forestry  practice, 
there  has  been  so  far  no  great  result.  1  attribute  this  in  ffreaX  measure  to  the 
apathy  of  scientific  men,  especially  botanists,  and  I  am  convmoed  that  until  they 
devote  attention  to  forestry  the  great  issues  involved  in  it  will  not  be  rightly 
appreciated  in  the  country. 

It  is  not  the  first  time  the  subject  has  been  before  this  Section.  I  find  that  in 
1885,  at  the  Aberdeen  meeting,  a  committee  was  appointed  by  it  to  consider 
*  whether  the  condition  of  our  forests  and  woodlands  might  not  be  improved  by 
the  establishment  of  a  forest-school.'  The  good  intention  of  the  promoters  was  not 
fulfilled,  however.    The  committee  did  not  meet. 

In  the  first  instance,  let  me  briefly  refer  to  the  national  economic  features  of 
forests  as  they  afiect  us. 

There  are  two  aspects  from  which  forests  are  of  importance  to  a  country — 
firstly,  as  a  source  of  timber  and  fuel ;  secondly,  on  account  of  their  hygienic  and 
diimatic  influences. 

With  regard  to  the  latter,  it  is  a  popular  notion  that  trees  exercise  consider- 
able influence  upon  atmospheric  conditions;  but  it  is  only  within  recent  years,  and 
as  the  result  of  long  experimental  research  in  Switzerland,  France,  Austria, 
Germany,  and  other  areas  where  forestry  is  practised  at  a  high  level  of  excellence, 
and  also  in  the  United  States,  that  any  sumcient  data  have  been  forthcoming  to 
form  a  basis  of  scientific  conclusion  upon  so  important  a  matter.  Although  many 
points  are  still  far  from  clear,  tbe  evidence  goes  to  show  that  the  direct  mfluence 
of  tree-growth  upon  climate  is  no  mere  superstition.  Stated  in  tbe  most  general 
terms,  it  is  proved  that  forests  improve  the  soil  drainage,  and  thereby  modify 
miasmatic  conditions;  whilst,  like  all  green  plants,  trees  exercise,  through  the 
process  of  carbon-assimUation,  a  purifj^ing  effect  upon  the  aur,  the  existence  of  the 
increased  quantity  of  ozone  often  claimed  for  the  vicinity  of  forests  is  not  yet 
established;  by  opposing  obstacles  to  air  currents,  forests  prevent  the  dissemina^ 
tion  of  dust  particles  with  their  contingent  germs ;  they  reduce  the  extremes  of 
temperature  of  the  air;  thev  increase  the  relative  humidity  of  the  air  and  the 
precipitation  in  rainfall,  and  they  protect  and  control  the  waterflow  from  the 
fioil. 

To  us  these  effects  do  not  appeal  with  the  same  force  that  they  do  in  Con- 
tinental areas.  Our  insular  and  geographical  position  renders  us  in  a  measure 
independent  of  them.  The  data  for  these  Continental  results,  it  must  be  remem- 
bered, are  derived  from  large  forest  areas  such  as  do  not  exist  here.  For  this 
country  I  know  of  no  experimental  evidence  on  the  subject.  As,  however,  the 
effects  of  forest  influence  are  felt  mainly  in  local  modifications  of  climatic  condi- 
tions, we  are  not  Justified  in  regardinc^  the  conclusions  that  have  been  reached  as 
inapplicable  to  Britain.  No  little  interest  attaches,  therefore,  to  a  statement 
based  upon  these  Continental  observations  to  which  Dr.  Nisbet  has  recently  done 
fvell  to  call  attention — that  'where  the  rainfall  is  over  forty  inches  it  is  undesir^ 
able  to  increase  the  forest  area.'  The  significance  of  this  dictum,  if  it  be  esta- 
blished, to  Britain,  dependent  so  largely  upon  her  agriculture,  is  evident.  Wet 
years,  unfavourable  to  farm  crops,  are,  under  existing  conditions,  more  numerous 
than  favourable  dry  ones,  and  any  extensive  tree-planting  in  agricultural  areas 
might  therefore  prove  disastrous.  But  I  may  here  emphasise  the  point  that,  whilst 
for  the  growing  of  specimen  trees  we  may  agree  with  Evelyn  when  he  says, '  If  I 
isvere  to  make  choice  of  the  place  or  the  tree,  it  should  be  such  as  grows  in' the  best 
cow-pasture,  or  upland  m^ow,  where  the  mould  is  rich  and  sweet,'  yet  the 
harvest  which  scientific  sylviculture  reaps  comes  from  land  unsuited  to  sgriculture, 
'which  would  otherwise  lie  barren  and  waste,  and  therefore  schemes  for  the 
afforestation  of  such  areas  in  non-agricultural  districts  need  not  be  prejudiced  by 
the  prospect  of  an  increased  local  rainfall.    At  the  same  time  we  must' not  fail  to 
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>  learn  the  obvious  lesson  that  afforestation  is  not,  as  some  suppose,  a  simple  matter 

.of  employment  of  labour,  but  that  it  involves  the  oonsiaeration  of  weighty 
sdentihc  problems. 

Forests,  as  a  source  of  fuel,  have  not  the  direct  importance  to  this  country, 
rich  as  it  is  in  coal-supply,  that  they  have  in  States  less  favoured,  but  their 

.economic  importance  to  us  as  a  source  of  timber  needs  no  comment.  There  are 
no  means  available  through  which  to  estimate  the  annual  output  of  timber  from 
our  plantations,  but  indirectly  we  can  gauge  the  insufficiency  of  our  woodlands  to 
supply  the  timber  necessities  of  the  country  by  reference  to  the  returns  showing 
the  amount  and  value  of  forest  produce  annually  imported.  This  has  been 
steadily  increasing  until  in  1893  its  value  exceeded  eighteen  million  pounds.  Of 
course  a  considerable  proportion  of  the  materials  thus  imported  could  not  in  any 
circumstances  be  produced  in  Britain.  But,  after  allowing  a  liberal  discount  for 
these,  there  remains  a  large  bill  which  we  pay  for  produce,  no  small  portion  of 
which  could  be  furnished  at  home.  No  one  would  sugg^t  that  in  the  limited  and 
densely  populated  area  6f  Qreat  Britain  timber- trees  of  kinds  suiting  our  climate 
could  be  grown  sufficient  to  supply  all  our  demands ;  that  would  l^  imposdble. 

-But  few  would  venture  to  deny  that  we  could  do  very  much  better  for  ourselves 
than  we  do,  and  that  our  labour  payments  abroad  might  be  materially  reduced. 
It  is  admitted  that  well-grown  home  timber  is,  of  its  kind,  equal  to,  if  not  superior 
in  quality  to,  that  which  is  imported ;  it  is  surely,  then,  legitimate  to  expect  that  a 
large  supply  of  well-grown  timber  would  enable  us  to  hold  the  market  to  a  much 
larger  extent  than  is  presently  the  case,  and  that  we  might  be  very  much  less 
.dependent  than  we  are  upon  the  surplus  timber  of  other  nations. 

The  importance  of  this  to  the  country  is  increased  by  the  consideration  of  the 
continued  appreciation  of  timber.  There  is  abundant  evidence  forthcoming  to 
indicate  that  the  present  rate  of  timber  consumption  of  the  world  is  in  excess  of 
the  present  reproduction  in  the  forests  of  the  great  timber-supplying  countries, 
and  with  the  persistence  of  existing  conditions  we  would  appear  to  be  within 
measurable  distance  of  timber  famine.  Experience,  too,  teacnes  that  we  may 
expect  not  a  diminution  but  rather  an  increase  in  consumption.  No  doubt  as 
civilisation  advances  the  discoveries  of  science  will,  as  they  have  done  in  the  past, 
enable  us  to  substitute  in  many  ways  for  the  naturally  produced  wood  otlier 
substances  prepared  by  manufacture ;  but  this  saving  in  some  directions  has  been, 
and  will  probably  continue  to  be,  counterbalance  by  greater  utilisation  in 
others — witness,  for  example,  the  enormous  development  within  recent  years  of 
the  wood-pulp  industry  abroad,  and  consider  the  prospect  opened  up  by  the  manu- 
&cture  of  wood  silk  which  is  now  being  be^fun  in  Britain. 

That  the  possibility  of  forest  exhaustion  is  no  chimera  should  be  evident  to  any- 
one  conversant  with  current  timber  literature.  Taking  North  Europe  for  in- 
stance : — In  Norway,  *  raw  timber  is  yearly  becoming  more  expensive  and  more 
difficult  to  obtain.'  To  Sweden  'pitch  pine  long  beams  are  taken  from  America, 
suitable  ones  of  sufficient  size  and  quality  being  unobtainable  now  in  Sweden.'  In 
Scandinavia,  the  virgin  forests, '  excepting  such  as  are  specially  reserved  by  the 
Government  in  the  districts  where  mills  are  situated,  are  almost  exhausted.*  In 
Russia,  the  Riga  '  supply  of  oak  is  exhausted.'  These  sentences,  culled  within 
the  past  few  weeks  from  trade  journals,  show  that  this  is  a  more  pertinent 
question  than  some  would  suppose.  In  Sweden,  which,  it  is  remarkable,  is  actually 
importing  logs  from  America,  the  situation  is  regarded  as  so  serious  that  proposalA 
are  on  foot  for  tlie  imposition  of  a  tax  upon  exported  timber  for  the  purpose  of 
raising  a  fund  for  replanting  denuded  areas.  But  it  is  not  only  in  North  European 
countries  that  there  are  signs  of  the  giving  out  of  timber  forests.  As  they  fiul 
the  demand  upon  Canadian  and  American  stocks  increases,  and  when  we  look  at 
these  Canada  *  shows  signs  of  beginning  to  iind  it  hard  to  continue  her  voluminous 
pxports  to  Europe,  and  at  the  same  time  send  sufficient  supplies  to  the  United 
States.'  But  the  most  striking  evidence  is  that  furnished  by  the  chief  of  the  United 
States  Department  of  Forest?  y,  in  his  official  report  for  the  year  1892,  in  which  he 
says :  '  w  bile  there  are  still  enormous  quantities  of  virgin  timber  standing,  the 
supply  is  not  inexhaustible.    Even  were  we  to  assume  on  every  acre  a  stand  of 

Digitized  by  VjOOQIC 


TRANSACTIONS  OF  SECTION  D,  iS71 

10,000  feet  B.M.  of  saw  timber — a  most  extravagant  arerage — ^we  would,  with  our 
preeent  consumption,  have  hardljr  one  hundred  years  of  supply  in  sight,  the  time 
It  takes  to  grow  a  tree  to  a  satisfactory  log  size.  Certain  kinds  of  supplies  are 
beginning  to  give  out.  Even  the  white  pine  resources,  which  a  few  years  ago 
seemed  so  great  that  to  attempt  an  accurate  estimate  of  them  was  deemed  too 
difficult  an  undertaking,  have,  since  then,  become  reduced  to  such  small  proportions 
tluit  the  end  of  the  ymole  supply  in  both  Canada  and  the  United  States  is  now 
plainly  in  view.' 

It'  must  be  owned  that  there  are  those  who  do  not  regard  the  suggestion  of 
forest  exhaustion  as  a  serious  one.  They  argue  that  the  prophecy  is  no  new  one, 
and  yet  we  are  none  the  worse  off  than  we  have  been ;  that  failing^  supply  from  one 
source  it  has  always  been  possible  to  ta^  another,  and  so  it  will  probably  con- 
tinue ;  and  then,  the  period  when  exhaustion  is  likely  to  take  place  is  so  far  off, 
there  is  ample  time  for  the  growth  of  new  forests  to  replace  those  being  cut.  No 
doubt  there  is  time.  But  this  is  just  the  kernel  of  the  whole  forestry  question. 
With  proper  conservancy  of  forest  areas,  the  application  of  scientific  principles  to 
the  recuperation  of  areas  recklessly  denuded,  and  the  afforestation  of  barren  and 
waste  lands,  timber  sufficient  to  meet  a  greater  demand  than  is  now  made  could  be 
produced.  This  is  the  aim  of  scientific  forestry,  and  it  is  to  secure  this  that  those 
who  have  g^ven  attention  to  the  subject  are  working,  conceiving  it  to  be  a  duty  of 
this  generation  to  hand  dovm  to  its  successors  a  heritage  no  less  valuable  than  that 
which  it  received. 

With  an  acreage  of  wooded  land  amounting  to  only  4  per  cent,  of  their  total 
area,  Great  Britain  and  Ireland  possess  a  smaller  proportion  so  covered  than  any 
other  European  country.  Denmark  comes  near  with  only  about  5  per  cent.,  in 
France  the  percentage  rises  to  15,  in  Norway  and  Germany  to  25,  in  Austria- 
Hungary  to  30,  whilst  in  Sweden  the  amount  is  over  40  per  cent.  The  United 
States  is  estimated  to  have  about  25  per  cent.  These  figures  do  not,  however,  give 
a  fair  basis  of  comparison  of  the  amount  of  timber  area  in  Great  Britain  with 
other  countries,  inasmuch  as  in  the  Continental  lands  the  bulk  of  the  woodlands  is 
true  forest,  whilst  a  large  part  of  the  area  included  in  the  British  return  is  merely 
pleasure  ground,  and  another  large  portion  is  only  plantation  ;  of  real  forest  the 
area  is  extremely  limited.  It  is  not  surprising,  then,  that  we  are  not  able  to 
furnish  ourselves  with  an  adequate  supply  of  timber.  But  although  there  is  so 
little  land  under  wood,  there  are  tbousanas  of  acres  unsuited  for  any  other  crop, 
and  these,  for  reasons  I  have  already  indicated,  it  is  desirable  to  have  planted. 
How  to  have  this  accomplished,  and  how  to  secure  that  woodlands  already  existing 
shall  be  tended  so  as  to  produce  a  maximum  result,  giving  a  profitable  return,  are 
the  problems  we  wish  to  see  solved. 

It  will  conduce  to  appreciation  of  the  question  if  I  briefly  discuss  the  causes 
which  have  been  active  in  developing  the  present  condition  of  woodlands  in  Britain, 
and  in  bringing  about  the  disparity  between  it  and  other  countries  in  respect  of 
woodland  area. 

State  ownership  of  Continental  forests  will  probably  occur  to  most  people  as  the 
reason  for  the  difference  in  area  iust  pointed  out.  This  is  true  with,  however,  some 
qualification.  In  consequence  oi  the  circumstances  of  their  situation  Continental 
States  have  been  compelled  to  recogni/^  the  national  economic  importance  of  forests: 
This  they  have  done,  not  so  much  oy  the  creation  of  State  ownership  in  vast  forests 
as  by  the  organisation  of  a  State  Department  of  Forestry  and  a  State  system  of 
forestry  education.  It  is  altogether  a  mistake  to  suppose,  as  is  often  the  case,  that 
the  whole  or  even  a  large  part  of  the  forests  on  the  Continent  belong  to  the  respec- 
tive States.  The  amount  of  State-owned  forest  is  surprisingly  small.  Femow  gives 
it  in  Germany  as  about  33  per  cent,  of  the  whole  forest  area,  in  Scandinavia  15 
to  20  per  cent.,  in  France  some  10  per  cent.,  in  Switzerland  4  per  cent,  whilst  in 
Italy  It  is  not  2  per  cent.  The  bulk  of  the  forest  is  in  tbe  hands  of  private  owners 
or  corporate  bodies,  subject,  though  apparently  not  always,  to  some  control  or 
limitation  by  the  State.  But  the  example  of  the  States  in  the  management  of  their 
own  woods,  their  readiness  to  give  advice  through  their  officials,  and  the  education 
which  is  carefully  provided  for  those  concerned  in  forestry  work,  have  resulted  in 
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those  privately-owned  forests  being  as  well  managed  as  those  of  the  State.  It  is 
important  to  make  clear  this  distinction,  because  it  shows  that  a  State  system  of 
conservancy  and  supervision  of  forestry  is  quite  compatible  with  large  private 
ownership  in  forests,  and  that  efficient  sylviculture  upon  a  large  scale  is  not 
inseparable  from  State  ownership. 

But  someone  may  ss^,  '  We,  too,  have  State  foiests  I '  Yes,  but  it  is  almost 
absurd  to  mention  them  m  the  same  sentence  with  those  of  the  Continent  for  any 
part  they  play  at  present  in  connection  with  forestry  in  Britain*  The  nine  thousand 
acres  at  Windsor  are  mainly  covered  with  specimen  trees.  Of  the  twenty-five 
thousand  acres  in  the  Forest  of  Dean,  a  portion  is  supj^osed  to  be  cultivated  for  a 
profitable  crop,  but  appears  to  result  in  an  annual  dehcit.  The  New  Forest,  with 
its  sixty-three  thousand  acres  of  soil-area,  affords  us  one  of  the  most  interesting 
object-lessons,  showinfi^  the  triumph  of  sentiment  over  common-sense,  that  the 
country  affords.  Its  history  is  well  enough  known,  and  I  need  only  remind  ^foa 
that  Parliament  has  decreed  the  major  part  of  it  to  persist  as  a  barren  waste,  whilst 
in  the  renxainder  which  is  covered  with  trees  the  practice  of  forestry  is  prohibited, 
so  that  slowlv  the  whole  is  going  to  wreck  and  ruin.  This  illu&trates  the  value  to 
us  of  State  forests  I  In  the  days  of  the  '  wooden  walls '  the  dockyards  obtained 
valuable  timber  from  them,  but  now  their  large  area  is,  one  may  say,  of  no  State 
service  whatever  as  forest,  if  one  excepts  a  small  portion  of  Windsor  Forest 
recently  attached  for  instruction  purposes  to  Coopers'  Hill  College.  There  can  be 
no  (|ue8tion  that  if  the  State  had  set  an  example  of  scientific  forestry  in  even  a 
portion  of  these  areas,  the  practice  of  sylviculture  now  throughout  the  country 
would  have  been  very  different. 

I  need  not  dwell  on  the  fact  that  the  conditions  of  land  tenure  in  the  country 
have  exercised  an  important  influence  upon  the  extent  of  wood-planting  in  the 
country ;  and  they  must  always  do  so.  '  The  oak  scorns  to  grow  except  on  free 
land '  IS  a  saw  that  sums  up  pithily  the  relationship  between  land-laws  and  wood- 
lands in  England.  Copyholders  could  hardly  be  expected  to  plant  much  timber 
when  the  lord  of  the  manor  claimed  the  crop ;  and  I  believe  it  is  possible  in  some 
counties  tx)  trace  the  boundaries  of  copyholds  by  the  entire  absence  of  trees  on  one 
side  of  a  line  and  their  luxuriant  growth  on  the  opposite  side.  The  intricacies  of 
entail  and  the  fact  that  life-renters  had  themselves  to  bear  the  expense  of  planting, 
except  where  necessary  for  shelter,  without  prospect  of  seeing  a  return  for  the 
outlay,  must  have  operated  prejudicially  to  an  increase  in  woodlands.  Happly, 
since  1882  in  England,  and  by  an  Act  of  last  year  for  Scotland,  the  last-mentioned 
restriction  upon  tree-planting  is  removed. 

Nor  shall  I  pause  over  the  question  of  game,  which  has  been  at  once  the 
origin  and  the  destruction  of  forests  in  Britain.  Not  that  it  is  an  unimportant 
element.  But  the  instinctive  love  of  sport  in  the  British  race  is  proof  against  all 
argument  of  utility,  and  the  needs  of  sport  will  always  be  a  barrier,  as  they  have 
been  in  the  past,  to  the  planting  of  large  areas  well  adapted  for  timber-growing. 
It  cannot  well  be  otherwise.  Landowners  can  hardly  be  expected  to  forego  large 
and  immediate  game-rents  for  what  appear  the  long-delayed,  even  though  poesibly 
greater,  profits  of  timber-cultivation.  In  this  case  the  inevitable  must  m  accepted. 
Xeverthelesji,  there  are  large  areas,  the  game-rent  of  which  is  infinitesimal  for  their 
acreage,  which  might  be  planted. 

The  most  potent  factors  in  bringing  about  the  present  condition  of  our 
woodlands  are  probably  to  be  looked  for  in  the  nature  of  the  crop  itself  and 
in  the  want  of  appreciation  of  its  character  manifested  by  landowners;  in  a  word, 
in  a  want  of  knowledge  of  the  principles  of  scientific  forestry.  Forestry  is  handi- 
capped as  compared  wiih  agriculture  oy  the  fact  that  the  crop  cannot  be  reaped 
within  the  year.  The  owner  who  plants  and  incurs  the  initial  expense  of  stock, 
fencing,  and  perhaps  draining,  may  after  some  ye^rs  secure  intermediate  return 
from  thinnings,  but  it  will  rarely  happen  that  he  reaps  the  final  yield  at  maturity 
of  the  crop  he  has  sown ;  it  will  fall  to  his  successor.  It  is  this  planting  for 
posterity  that  makes  demands  upon  the  landowner  to  which  he  is  unequal. 
Hence  it  comes  about  that  woodlands,  beyond  what  may  be  requisite  in  the  way 
of  cover  plantation  and  for  shelter,  are  often  regarded  as  expensive  luxuries,  and. 
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in  the  time  of  high  agricultural  valuee,  landownen  bare  even  grubbed  out  trees 
to  make  way  for  annual  crops  yielding  an  immediate  return.  But  scientific  tree- 
growing  for  profit  does  not  consist  in  the  covering  of  soil  area  indiscriminately 
with  Irees,  without  definite  system  and  relation  of  its  part  one  to  the  other. 
Just  as  the  farmer  has  to  plan  his  rotations  on  a  definite  system  with  reference 
to  his  total  acreage,  so  in  properly  managed  timber-growing  must  areas  be 
arranged  in  sudi  a  way  that  some  part  of  the  forest  will  be  yielding  annually  its 
final  return  of  mature  crop,  aud  cleared  areas  will  by  a  natural  process  of  regene- 
ration replenish  themselves  without  recourse  to  the  expensive  operation  of  planting 
being  necessary.  Scientifically  worked,  a  forest  area  on  suitable  land,  of  which 
there  is  such  abimdance  in  Bntain,  should  be  capable  of  yielding  an  annual  net 
revenue  as  regular  as  that  obtainable  by  any  other  form  of  soil  cultivation. 

It  is  nevertheless  frequently  urged  as  a  reason  for  not  growing  timber  that 
wood  will  not  pay  in  Britain.  A  landowner  will  tell  you  he  has  acres  of  land 
which  do  not  return  him  more  than  half  a  crown,  ana  if  it  would  pay  better  he 
would  be  ^lad  to  put  them  under  timber,  but  he  does  not  believe  it  would ;  and 
he  will  pomt  to  rates  on  woodlands  which  must  be  paid  although  no  crop  is 
being  reaped.  He  will  demonstrate  that  there  is  no  market  for  home  timber, 
which  seldom  fetches  its  value,  and  that  there  is  a  prejudice  against  it  which 
increajies  the  difficulty  of  any  attempt  to  compete  with  the  foreigner. 

There  is  some  reason  in  the  latter  part  of  this  contention.  The  wood-grower 
in  Britain  has,  £  tbink,  just  cause  for  complaint  when  he  finds  his  produce  not 
only  handicapped  by  preferential  trannpoit  rates  to  foreign  timber,  as  has  been 
the  case  in  the  past,  but  that  it  is  also  disparaged  by  exclusion  from,  or  admission 
only  under  conditions  to,  competition  with  foreign  timber  by  the  terms  of  building 
specifications.  It  is  said  to  be  the  common  practice  of  architects  and  others  to 
bar  home  timber  in  this  way,  and  the  Government  itself  has  not  been  guiltless  in 
the  matter.  The  Post  Office  form  of  tender  a  couple  of  years  a^o  for  telegraph 
poles  entirely  cut  out  native  produce  from  competition,  and  the  conditions  of 
contract  framed  by  the  Board  of  Agriculture  under  the  Land  Improvements 
Act  were  until  recently  almost  prohibitive  to  home  timber.  These  latter  are 
DOW  modified,  but  whetber  or  not  the  Post  Office  still  boycotts  home  produce  I 
cannot  say. 

However  it  is  come  about — and  there  are  no  doubt  various  effective  causes — this 
undervaluing  of  home-grown  timber  is  quite  unreasonable,  and  the  slur  cast  upon 
it  is  undeserved,  so  far  as  its  quality  is  concerned.  At  the  same  time,  there  is 
ground  for  saying  that  the  difficulties,  occasioned  in  this  and  other  ways,  of  dis- 
posing of  home  timber  at  remunerative  prices  are  due  to  causes  not  altogether 
beyond  the  control  of  landowners  who  grow  timber. 

It  is  generally  admitted  that  with  a  more  regular  and  certain  supply,  as  well 
as  a  larger  amount  in  different  districts,  home  timber  would  have  a  better  chance 
of  holding  its  own  in  the  market.  This  is  just  what  scientific  forestry  would 
bring  about.  Given  a  systematic  cultivation  of  forest  on  scientific  principles  of 
rotation,  and  the  conditions  are  prepared  for  a  steady  output  of  timber  by  annual 
cut,  as  well  as  for  a  supply  of  raw  material  for  utilisation  in  the  manufacture  of 
the  many  subsidiary  products  derivable  from  forest  growth.  If  landowners^^ 
would  only  provide  such  supplies,  they  would  alter  altogether,  and  to  their  own 
advantage,  tne  conditions  under  which  they  dispose  oi  so  much  of  their  home 
wood.  The  timber  merchant  who  now  travels  hither  and  thither  over  the- 
country  picking  up  small  lots  where  they  may  occur  for  transport  to  his,  pro- 
bably distant,  milln,  at  a  cost  which  eats  a  big  bole  in  the  value  of  the  trees  to 
the  landowner,  would  find  it  worth  his  while — and,  for  that  matter,  it  would  be 
worth  while  for  the  landowner  himself-— to  erect,  in  the  vicinity  of  the  forest,  milla 
for  the  purpose  of  converting  and  preparing  the  timber,  and  to  put  up  machinery 
for  the  extraction  of  useful  products  from  the  waste  wood.  In  such  conditions- 
a  steady  market  could  be  created  in  which  the  advantage  would  lie  altogether  on 
the  side  of  the  home-grown  article,  and  materials,  the  dibris  of  the  forest,  now- 
thrown  aside  as  useless  would  be  turned  to  account  to  the  greater  benefit  of  the 
landowner.    Encouragement,  too,  would  be  given  to  the  establishment  of  local 
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industries  dependent  upon  forest  growth|  through  which  fresh  outlets  for  forest 
produce  would  be  provided. 

The  amount  of  profit  returnable  from  timber  cultivation  must  of  course  varr 
with  the  circumstances  of  the  area  in  each  case,  but  in  compariufr  values  it  must 
always  be  borne  in  mind  that  timber  land  is  land  which  can  yield  no  agricultural 
roDt.  The  official  statistics  relating  to  Continental  State  forests  show  us  the  result 
of  forestry  on  a  large  scale,  and  it  is  interesting  to  note  bow,  under  what  we  must 
believe  to  be  an  equally  efficient  system  of  forestry  management,  the  net  revenue 
from  the  several  areas  differs  greatly.  Thus  from  its  two  million  acres  of  forest 
area  Bavaria  draws  a  little  over  five  shillings  per  acre  per  annum ;  Wurtemberg^ 
with  nearly  half  a  million  acres,  gets  a  return  of  about  eleven  shillings;  and  Saxony, 
with  a  somewhat  less  area,  receives  over  seventeen  shiUings  per  acre  per  annum. 
For  this  country  we  have  no  such  figures.  Our  State  forcbts  result  in  a  loss.  It  is 
unfortunate,  too,  that  no  returns  are  available  from  private  forests  and  woodlands, 
either  in  Britain  or  abroad.  Estimates  of  possible  profits  in  this  country  we  haTc 
abundantly,  but  solid  figures  of  expenditure  and  receipt  in  relation  to  timber- 
growing  there  are  none.  By  the  favour  of  Mr.  Munro-Ferguson,  M.P.,  who,  as  a 
landowner,  exhibits  a  most  enlightened  spirit  in  regard  to  forestry,  I  am,  however, 
able  to  cite  the  case  of  a  pine  and  larch  wood  at  Novar,  in  Ross-shire,  twenty-four 
acres  in  extent,  which  was  clean  cut  in  1888,  and  gives  instructive  figures.  After 
sixty-one  years'  growth  on  land  similar  to  that  which  in  the  neighbourhood  yields 
a  grazing  rent  oi  from  one  to  two  shillings  per  acre,  it  is  found  to  have  yielded  a 
net  sum  equal  to  a  revenue  to  the  landlord  during  the  whole  period  of  its  growth 
of  over  nine  shillings  per  acre  per  annum,  or  an  increased  value  of  quite  seven 
shillings  per  acre  per  annum.  Although  it  refers  to  only  a  single  wood  of  limited 
extent,  this  return  shows  how  profitable  waste  land  may  become  under  timber. 
No  doubt  from  the  estates  of  other  of  our  landlords  who  own  extensive  woodlands, 
where,  if  there  is  not  the  highest  scientific  forestry,  there  is  certainly  good  wood 
management,  results  of  an  equally  instructive  kind  could  be  obtained — many  would 
be  better ;  and  it  is  much  to  be  desired  in  the  interest  of  forestry  that  they  should 
be  made  known  as  an  object-lesson  to  those  who  doubt  the  profit  of  tree-growing. 

But  in  the  return  I  quote  from  there  is  another  interestmg  point  which  I  must 
not  fail  to  note.  During  the  period  of  growth  of  the  wood,  the  outlay  upon  labour 
in  connection  with  it  amounted  to  a  sum  equal  to  an  expenditui*e  of  over  thirty-one 
shillings  per  acre  per  annum.  That  is  to  say,  this  sum  was  distributed  in  wages  to 
the  people  of  the  neighbourhood.  This  exhibits  the  benefits  brought  in  the  train 
of  forestry,  which  are  no  l&ss  important  to  the  community  at  laiige  than  is  the 
profit  of  the  crop  to  the  landowner.  The  scientific  treatment  of  woodlands  and 
cultivation  of  forests  for  profit  on  a  proper  scale  involve  the  employment  of  a  con- 
siderable amount  of  labour,  much  of  it  at  a  time  when  there  is  little  else  doing  in 
country  districts,  not  only  in  the  actual  tending  of  the  forest  area,  but  in  the 
manipulation  and  subsequent  preparation  of  the  timber,  and  in  the  manufacture  of 
the  numerous  by-products  obtainable  from  it.  In  these  days  of  congestion  in  cities 
the  importance  ot  the  development  of  such  an  industry  which  can  provide  occupa- 
tion in  the  country,  and  thus  may  aid  in  restraining  migration  to  the  towns,  has  not 
escaped  notice,  and  it  cannot  be  too  ofVen  or  too  greatly  emphasised. 

The  influences,  to  w^hich  we  have  just  given  attention,  that  have  prevailed  in 
bringing  about  the  present  limited  area  of  woodland  in  Britain  are,  it  will  be  seen, 
not  wholly  irremovable,  nor  are  the  obstacles  to  betterment  insurmountable.  And 
the  question  we  have  now  to  discuss  is — How  are  these  to  be  counteracted  and 
overcome  P  By  what  means  is  it  possible  to  bring  forestry  in  Britain  more  in  line 
with  that  of  other  nations?  At  the  outset  I  would  say  that  if  forestry  is  to  be 
established  on  a  sound  commercial  basis,  the  only  one  on  which  it  should  rest,  if 
we  are  to  have  a  national  home-timber  industry,  it  can  only  be  when  the  issues 
involved  are  more  fully  realised  than  they  are  nowadays.  As  in  agricultural 
practice  failure  can  only  be  obviated  by  the  application  of  scientific  methods  in 
farm  cultivation,  so  is  it  with  forestry.  To  become  a  profitable  industry  it  must  be 
practised  as  an  applied  science,  and  not  as  an  empirical  routine. 

We  live  beyimd  the  days  when  it  would  be  possible  to  apply  the  autocratic 


Digitized  by 


Google 


TRANSACTIONS  OF  SECTION   D.  675 

remedy  for  want  of  woodlands  introduced  in  Scotiaod  hy  the  Jacooean  statatei 
which  compelled  the  landlords  not  only  to  plant  wood  and  forest  and  make  hedges, 
but  also  enjoined  them  under  penalties  to  see  that  each  of  the  tenants  planted  one 
tree  for  every  marke  of  land.  Nor,  indeed,  can  much  be  said  of  the  success  of  the 
compulsion.  And  I  do  not  imagine  any^ing  could  be  gained  nowadays  b;^  the 
method  adopted  in  Scotland  in  the  middle  of  last  century  by  the  *  Select  Society/ 
8C8  it  was  called,  of  oflering  a  premium  to  farmers  who  planted  the  most  trees 
within  a  specified  time.  That  such  processes  were  deemed  necessary  is  interesting 
as  showing  how  old  standing  has  been  the  recognition  of  the  want  of  sufficient 
woodland  area  in  the  country.  At  the  present  time  there  are  those  who  would 
reverse,  as  it  were,  the  process  of  the  old  statute,  and  who  look  to  the  acquisition 
by  the  State  of  large  areas  of  waste  land,  and  their  afibrestation  by  it,  for  the 
solution  of  this  forestry  question.  It  ie,  no  doubt,  a  wise  policy  which  encourages 
private  enterprise  to  deal  with  the  details  of  industries,  and  only  invokes  State  aid 
as  a  directive  and  controlling  force  when  its  need  can  be  clearly  shown.  That 
there  is  need  for  State  aid  in  the  case  of  forestry  I  do  not  deny,  but  it  is  not 
required  to  the  extent  just  mentioned. 

I  unhesitatingly  say  that  the  State  ought  to  treat  the  forest  areas  now  in  its 
possession  in  a  reasonable  and  scientific  manner,  instead  of  leaving  them  as  objects 
for  the  finger  of  scientific  scorn.  They  might  be  made,  in  part  at  least,  models  of 
the  best  forestry  practice.  It  is  no  use  to  dispute  with  the  sentiment  and  taste 
which  have  prevailed  in  making  the  New  Forest  what  it  now  is,  and  it  is  hopeless 
to  expect  a  unanimous  verdict  as  to  the  destiny  of  State  woods  and  upon  the 
method  of  treatment  to  which  they  should  be  subject.  We  have  had  recently,  in 
the  lively  discussion  regarding  the  management  of  Epping  Forest,  an  illustration 
of  how  large  is  the  number  of  people  who  have  views  upon  the  subject  of  the 
management  of  woodlands,  and  how  the  majority  of  them,  if  they  had  their  way, 
would,  through  ignorance,  defeat  the  very  object  they  desire  to  accomplish.  We 
must  be  prepared  in  any  proposal  for  utilisatioQ  of  State  forests  to  incur  the 
opposition  of  those  who  regard  all  scientific  handling  of  woods  as  vandalism, 
although  I  do  not  know  that  forestry  in  itself  involves  a  want  of  recognition  of  the 
beautiful,  or  dulls  the  feelings  which  a  sylvan  landscape  invokes  in  the  minds  of 
those  in  touch  with  Nature.  It  is  allowed  there  are  areas  in  our  State  forests 
sacred  by  many  memories,  possessing  a  grandeur  and  picturesqueness  mith  which  no 
hand,  whether  of  forester  or  landscapist,  would  venture  to  meddle.  But,  on  the 
other  hand,  there  are  tracts  which  without  damage  to  the  natural  beauty,  and 
without  depriving  in  any  sensible  degree  the  people  of  their  privileges  of  recreation 
they  prize  so  much,  might  be  and  should  be  aealt  with  as  forest  cultivated  on 
scientific  principles.  These  might  serve  as  instruction  areas,  showing  all  that  is 
best  for  tne  information  of  foresters.  The  creation  of  some  such  experimental 
teaching  stations  in  State  forests  is  one  of  the  essentials  for  forestry  in  Britain.  I 
would  go  further  and  say  that  the  area  of  State  ownership  should  be  increased  to 
the  extent  of  the  establishment  of  forest  stations,  of  an  acreage  sufficient  to  allow 
of  a  satisfactory  rotation,  in  other  parts  of  the  country  as  centres  of  instruction. 
There  have  been,  as  you  are  aware,  proposals  for  the  aftbrestatiou  of  some  of  the 
three  million  and  more  acres  of  waste  land  in  the  Highlands  of  Scotland  capable  of 
growing  timber,  and  we  await  with  some  interest  the  report  of  the  Deer  Forest 
Commission,  which  has  taken  evidence  on  the  subject.  If,  as  hss  been  suggested 
may  be  possible,  afibrestation  is  attempted  through  any  system  of  State-aided 
planting,  an  opportunity  would  be  afforded  for  securing  what  would  be  of  so 
much  advantafre  to  the  country.  Beyond  this  system  of  model  experimental 
stations,  the  State  ownership  of  forest  in  Britain  does  not  seem  to  me  to  be 
necessary  in  the  cause  of  forestry. 

Replying  recently  to  Sir  John  Lubbock  in  the  House  of  Commons,  the  President 
of  the  Board  of  Agriculture,  after  recounting  what  his  Board  is  now  doing  for  forestry 
in  Britain,  added :  '  I  shall  always  be  glad  to  receive  and  to  consider  any  suggestion 
for  the  increase  of  sound  technical  knowledge  on  this  subject.'  Well,  now,  I  have 
a  suggestion  to  make.  In  a  practical  science  like  forestry  '  an  increase  of  sound 
technical  knowledge'  can  only  be  possible  when  facilities  for  practical  instruction 
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ftre  provided.  I  would,  therefore,  ask  the  President  to  consider  what  I  have  just 
said  with  regard  to  State  forest  experimentHl  areas.  These  cannot,  of  course,  be 
created  by  a  stroke  of  the  pen,  but  the  initiative  for  their  formation  would 
naturally  come  from  the  Board  of  Agriculture.  It  is  possible  that,  with  better- 
ment in  forestry  practice,  landowners  might  be  found  who  would  be  willing  to 
devote  portions  or  their  land  for  the  purposes  of  instruction,  following  for  forestry 
the  noble  example  of  Sir  John  Lawes  in  his  work  for  agriculture ;  and  everyone 
interested  in  forestry  must  hope  this  may  be  so.  But  when  the  State  has  already 
10  its  hands  the  means  througn  which  a  large  national  industiy  can  be  fostered^  it 
is  surely  incumbent  on  it  to  utilise  them  for  the  purpose.  And  mark  you,  in 
Askiug  for  this,  oue  does  not  make  a  large  demand  upon  the  Treasury.  The  whole 
could  be  done  at  no  ultimate  cost,  for  the  profits  from  the  areas  could  unquesUon- 
ably  more  than  repay  any  outlay  incurred  upon  them. 

The  true  solution  of  the  forestry  question  in  Britain  is  to  be  found  in  the 
diffusion  of  accurate  knowledge  of  forest  science.  The  landowner  has  to  be 
convinced  that  through  scientific  forestry  a  sound  and  profitable  investment  for 
his  capital  is  to  be  found  in  woodlands;  the  factor  or  land  agent  must  be 
instructed  in  the  scientific  principles  of  tree-growing  for  profit  to  enable  him  to 
secure  a  steady  income  to  the  landowner  from  his  iuvested  capital;  and  the^ 
working  forester  has  to  be  taught  methods  of  cultivation  based  upon  science,  by 
which  his  faith  in  traditional  practice,  when  it  is,  as  is  so  often  the  case,  un- 
scientific, may  be  dispelled.  It  is  through  education  alone  that  we  can  arrive  at 
improved  forestry. 

This  was  recognised  by  the  Select  Committee  upon  Forestry  of  the  House  of 
Commons  in  its  report  in  1887,  which  performed  a  very  valuable  service  by  its> 
exposure  of  the  prevalent  ignorance  of  scientific  forestry  and  of  well-known  facts> 
of  tree-cultivation  amongst  those  professedly  engaged  in  its  practice  and  study — 
an  ignorance  the  continued  existence  of  which  manifests  itself  in  some  of  th» 
writings  in  current  periodicals.  The  remedy  it  suggested  of  a  State  Forest 
Board,  including  representatives  of  science  and  of  bodies  interested  in  forestry^ 
charged  with  the  superintendence '  of  the  formation  of  forest  schools  and  the 
preparation  of  forest  literature,  was  superseded  by  the  later  institution  of  the 
Board  of  Agriculture,  in  which  were  absorbed  such  functions  in  regard  to  forestry 
as  the  Government  of  the  day  accepted.  We  are  so  accustomed  to  anomalies  in 
our  administrative  system  that  the  discovery  of  an  additional  one  hardly  surprises 
us.  Yet  it  is  difficult  to  understand  why  it  is  that  a  board  which  deals  with 
subjects  so  essentially  based  on  science  as  does  the  Board  of  Agriculture  should 
not  have  on  its  stafi*  scientific  men  representative  of  the  fields  of  science  within  it» 
purview.  But  I  do  not  know  that  either  agriculture  or  forestry  is  so  represented. 
It  seems  odd  that  this  Board  should  be  dependent  for  scientific  advice  upon  out- 
siders, and  now  that  it  proposes  to  undertake  the  responsibility  of  the  publication 
of  a  journal  which,  I  take  it,  will  be  a  means  for  the  circulation  of  accurate  infor- 
mation upon  scientific  queAtions,  I  do  not  see  how  its  functions  can  be  adequately 
performed  without  scientific  help  from  within.  No  one  of  us  would  expect  to  see^ 
either  to-day  or  to-morrow,  in  this  country  a  Board  of  Agriculture  with  an  organi- 
sation like  that  of  the  similar  department  in  the  United  States,  which  excites  our 
admiration  by  the  excellence  of  the  practical  information  it  circulates.  But  there 
is  a  wide  interval  between  the  completeness  of  the  American  department  and  the 
incompleteness  of  ours ;  and  if  I  may  make  another  suggestion  to  the  President  of 
the  Board  of  Agriculture,  I  would  nsk  him  to  consider  whether  it  would  not 
strengthen  the  Baard  in  the  discharge  of  its  rapidly  growing  functions  if  it  had 
competent  scientific  advisers  upon  its  staff.  Such  a  man  for  forestry  would,  I 
believe,  do  much  for  '  the  increase  of  sound  technical  knowledge '  in  Britain,  and 
promote  to  no  little  extent  its  interests. 

Since  1887  we  have  made  some  advance  along  tlie  lines  of  improved  literature 
and  of  teaching  pointed  out  by  the  Select  Committee  as  those  by  wnich  reform  ooold 
be  accomplished. 

If  one  looks  at  the  literature  available  up  to  a  recent  period  to  anyone  desirous 
ei  learning  something  about  forestry,  one  need  feel  little  surprise  at  the  ignorance: 
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^hich  preyailed.  It  was  alike  meagre  in  amount  and  deficient  in  quality,  consist^ 
ing  chiefly  of  the  records  of  empirical  practice  of  men  who  had  had  no  scientific 
training.  It  is  satisfactory  to  note  that  these  are  now  being  replaced  by  works 
having  some  pretension  to  scientific  method  and  accuracy.  From  Cooper's  Hill 
there  is  issuing,  more  slowly  than  could  be  wished.  Professor  Hehlich's  excellent 
*  Manual  of  Forestry/  and  from  his  colleague  Professor  Fisher  we  may,  I  helievei 
eoon  expect  an  important  forestry  book.  You  all  know  Professor  Marshall  Ward's 
lucid  little  books  on  timber  and  plantnliseases,  and  we  are  promised  immediately, 
under  his  editorship,  a  translation  of  Hartig*s  *  Diseases  of  Trees/  by  Professor 
SomerviUe.  A  most  valuable  and  interesting  contribution  to  forestry  literature  is 
the  book  by  Dr.  Nisbet,  recently  issued  from  the  Clarendon  Press,  containing  the 
lectures  he  delivered  in  the  Umversity  of  Oxford  during  the  past  year ;  and  to  his 
marvellous  energy  we  shall  owe  the  new  edition  of  '  Brown  s  Forester/  which  is 
shortly  to  appear,  and  an  English  version  of  Hartig's  *  Text-Book '  for  foresters. 
All  this  activity  shows  an  increasing  interest  in  forestry,  but  it  is  only  the  begin-* 
ning  of  a  movement  to  make  up  for  the  preceding  dearth.  Botanists  are  greatly 
indebted  to  the  Dele^tes  of  the  Clarendon  Press— and  it  is  fitting  I  should  here 
acknowledge  the  obligation — for  the  splendid  series  of  standard  foreign  works  on 
botany  they  have  brought  within  the  reach  of  £n|^lish-speakinff  students,  and  which 
have  done  so  much  for  the  progress  of  botany  m  Britain.  If  we  have  now  got 
beyond  the  stage  of  dependence  in  pure  botany,  we  are  far  from  it  in  scientific 
forestry,  and  I  would  hope  that  the  Clarendon  Press  will  add  to  its  botanical 
series  some  of  the  standara  foreign  forestry  books,  and  thus  aid  in  the  dissemina- 
tion of  the  knowledge  so  essential  to  progress  in  the  subject. 

I  must  not  omit  to  refer  here  to  the  excellent  opportunity  that  is  afibrded  for 
the  circulation  of  scientific  information  by  the  new  journal  of  the  Board  of 
Agriculture,  of  which  intimation  has  recently  been  made,  and  it  is  to  be  hoped 
that  forestry  will  find  a  place  in  it  side  by  side  with  agriculture. 

The  attention  paid  to  the  teaching  and  study  of  forestry  by  Continental  States, 
their  many  schools  and  copious  literature  of  forestry,  make  it  remarkable  that, 
apart  altogether  from  the  economic  side,  forestry  as  a  subject  of  study  and 
investigation  has  not  been  long  ago  introduced  in  some  of  our  teaching  centres, 
I  think  the  Sibthorpian  Chair  of  Kural  Economy  of  the  University  of  Oxford  -W^as 
for  long  the  only  one  through  which  forestry  was  recognised  as  within  the  sphere 
of  university  education.  So  far  the  limited  tenure  of  this  chair,  in  its  new  dress, 
has  been  held  by  agriculturists — ^in  thdr  line  the  most  distinguished  men ;  but  I 
should  like  to  think  that  one  may  look  forward  to  a  time  when  forestry  shall  have 
its  turn,  if  by  that  time  it  has  not  come  about  that  it  is  otherwise  provided  for. 

It  was,  however,  only  the  necessities  of  India  which,  at  a  comparatively  recent 
date,  led  to  the  first  starting  of  forestry  teaching  in  Britain,  and  then  only  at  the 
cost  of  India,  and  for  those  destined  to  serve  there  as  foresters.  Cooper*s  Hill 
College,  the  outcome  of  these,  with  its  excellent  equipment — including  now,  I 
believe,  a  slice  of  Windsor  Forest  for  purposes  of  practical  work — possesses  the 
elements  of  a  successful  forestry  school,  ana  it  has  within  recent  years  opened  its 
doors  to  outsiders  who  may  wish  to  learn  forestry.  But,  so  far  as  I  am  aware,  it 
does  not  draw  the  young  landovmers  of  the  country  as  it  should  do.  Possibly  the 
expense  of  the  special  ^ucation,  which  equals  that  of  the  universities  without 
ofiering  the  advantages  in  other  directions  they  aflbrd,  may  be  deterrent ;  but  I  am 
inclined  to  think  th&t  if  the  authorities  made  the  fact  better  known  that  men 
other  thaii  foresters  for  India  are  admitted  to  the  college,  more  would  avail 
themselves  of  the  opportunity. 

Beyond  this  and  some  slight  notice  of  forestry  at  agricultural  colleges,  there 
have  lieen  no  facilities  for  forestry-teaching  in  Britain  until  within  the  last  half- 
dozen  years.  I  leave  out  of  reckoning  mere  examining  boards.  Can  we  wonder, 
then,  that  there  is  a  generid  want  of  intelligent  appreciation  of  scientific  forestry  ? 
Even  now  all  that  has  resulted  from  the  a^tation  in  favour  of  more  attention 
being  given  to  this  subject  is — ^a  lectureship  on  forestry  in  the  University  of 
Edinburgh,  supported  partly  by  the  Board  of  Agriculture  and  partly  by  an 
endowment  from  subscnptionB  among  landowners  and  others  (and,  I  may  mentioB 
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here^  forestry  is  now  included  as  an  optional  subject  in  the  university  curriculum, 
for  an  agricultural  defiree) ;  a  chair,  or  part  of  one,  in  the  Royal  College  of 
Science  at  Newcastle,  founded  conjointly  by  the  Board  of  Agriculture  and  the 
County  Council ;  a  course  of  iustruction  in  science  for  practical  foresters  in  the 
Hoyal  Botanic  Garden  at  Edinburgh,  maintained  by  tbe  Board  of  Agriculture ; 
and  a  lecture  course  on  forestry  in  the  Glasgow  and  West  of  Scotland  Technical 
Institute,  similaily  provided  for.  I  must  not  omit  to  mention,  too,  the  beginnings 
just  made,  by  tbe  Surveyors'  Institute  of  the  formation  of  a  forestry  museum  in 
London,  which  should  have  an  important  educative  influence.  Little  though  it  ia, 
I  think  there  is  occasion  i'or  congratulation  that  even  so  much  has  been  done  to 
provide  instruction,  snd  1  would  have  you  note  that  in  this  education  the  different 
classes  concerned  with  forestry  are  all  recognised.  Valuable  as  the  teaching  so 
being  given  is,  it  must  have  an  effect  in  showing  the  need  there  is  for  more.  lu 
one  way  the  teaching  of  all  these  bodies  is  incomplete,  and  must  be  imperfect, 
inasmuch  as  they  have  not  the  means  for  practical  forestry  work.  Until  this  is 
provided,  as  I  have  indicated  already,  the  teaching  of  forestry  cannot  be  thoroughly 
carried  out. 

But,  after  all,  what  has  been  done  in  the  way  of  supplying  our  wants  in  the 
way  of  teaching  is  nothing  to  what  is  required  if  forestry  is  to  be  adequately 
taught  in  Britain.  Dr.  Nisbet,  who,  in  his  book  already  mentioned,  has  had  the 
last  say  on  this  question,  boldly  states  the  requirements  at  six  forestry  chairs  in 
universities,  and  four  schools  of  practical  sylviculture  in  the  vicinity  of  forests.  I 
do  not  think  he  put  the  needs  one  whit  too  high.  I  should  be  even  disposed  to  add 
to  them,  because  I  note  he  has  omitted  to  take  into  account  the  claim  of  Wales, 
whence  there  has  recently  been  a  request  for  the  establishment  of  forestry  teaching. 

But  there  are  two  questions  strictly  pertinent  to  this  demand,  which  need 
answering  if  the  proposals  are  to  be  brought  within  the  sphere  of  practicability — 
tirstly,  whence  are  the  funds  to  be  obtained  for  this  organisation ;  and,  secondly^ 
where  are  we  to  get  the  teachers  P 

Dr.  Nisbet  puts  his  hand  in  the  Treasury  pocket  for  the  money — some  five 
thousand  pounas  per  annum — required  by  his  scneme.  I  do  not  think  many  of  us 
will  be  so  sanguine  as  to  expect  the  whole  financial  aid  could  le  directly  obtained 
in  this  way.  But  it  may  be,  I  think,  of  significance  in  regard  to  this  to  consider 
the  sources  from  which  money  has  been  forthcoming  for  what  baa  already  been 
done.  The  Government,  through  the  Board  of  Agriculture,  has  given  most,  the 
remainder  has  come  from  the  County  Councils  and  from  private  contributions. 

There  is  no  reason  to  suppose  the  Board  of  Agriculture  will  be  less  willing  in 
the  future  than  it  has  been  to  aid  in  the  establishing  of  forestry  teaching  in  suitable 
centres ;  but  its  support  from  the  limited  funds — eight  thousand  pounds — at  its 
disposal  for  educational  purposes  is  always  given  as  a  grant  in  aid,  and  is  contin- 
gent upon  evidence  of  local  effort  towards  the  end  desired,  which  we  must  therefore 
look  to  in  the  firat  instance. 

It  is  of  no  use  to  speculate  upon  the  prospects  of  private  munificence  providing^ 
equipment  in  any  centre.  W^e  may  hope  for  it,  but  I  do  not  think  times  are  such 
as  to  lead  us  to  expect  large  pecuniary  aid  from  landowners.  After  vigorous  effort 
amongst  them,  extending  over  some  years,  to  secure  an  endowment  for  a  chair  of 
forestry  in  Edinburgh,  a  sum  of  a  little  over  two  thousand  pounds  is  all  that  has. 
been  raised. 

But  forestry  is  one  of  those  subjects  to  the  teaching  of  which  we  may  be  more 
sanguine  of  support  from  County  Councils.  It  will  always  be  a  matter  of  regret 
to  scientific  men,  and  those  interested  in  the  industrial  progress  of  the  country,  that 
the  grand  opportunity  furnished  by  the  fund  dealt  with  under  the  Local  Taxation 
Act  (1890)  was  not  taken  more  advantage  of  by  the  Government  of  the  day. 
Distributed,  even  in  part,  through  representative  educational  institutions,  it  could 
have  provided  equipment  for  technical  education  of  the  highest  kind  beyond  our 
dreams.  Thrown  at  the  heads  of  the  County  Councils,  before  these  bodies  had  had 
time  to  settle  to  their  prescribed  work,  there  has  been,  in  the  opinion  of  those  wdl 
qualified  to  judge,  no  little  waste.  You  could  not  create  all  at  once  the  machinery 
requisite  for  the  most  efficacious  expenditure  of  half  a  million  of  money  on  teclw. 
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nical  teacbing.  Much  of  the  work  done  by  these  bodies  is  admirable.  It  is  indeed 
surprising  in  the  whole  circumstances  bow  efficiently  technical  instrnction  has  been 
carried  out,  and  no  doubt  it  will  improve.  But  it  had  a  most  extrava<?ant  start. 
It  is  difficult  to  trace,  in  the  general  returns  of  the  technical  education  undertaken 
by  the  County  Councils,  the  details  of  their  work,  and  I  have  not  been  able  to 
discover  how  far  forestry  has  been  treated  as  a  subject  of  instruction.  It  has  not, 
I  think,  been  often  included.  But  the  example  of  Northumberland  and  Durham 
in  respect  of  the  Newcastle  chair  is  one  that  gives  encouragement  for  thin  kins:  that, 
if  the  due  importance  of  fores^  to  the  community  were  made  clear,  County 
Councils,  in  districts  favourable  for  forestry  and  its  concomitant  industries,  might 
come  forward  with  some  of  the  financial  support  needed  for  the  provision  of  the 
educational  equipment. 

It  appears  to  me  that  whilst  we  must  obtain  from  the  Government  the  institu- 
tion of  sylvicultural  areas  for  practical  instruction,  our  best  chance  of  success  in 
acquiring  the  necessary  endowment  for  the  rest  of  the  teaching  lies  in  the  line  of 
combination  between  the  Board  of  Agriculture  and  the  County  Councils,  with,  it 
may  be,  aid  from  private  benefactors.  But  if  we  were  to  draw  financial  support 
from  County  Councils,  or  from  private  sources,  we  must  as  a  first  step  towards 
this  make  known,  more  thoroughly  than  it  is,  the  nature  of  the  national  interests 
involved.  We  must  disabuse  landowners,  land  agents,  and  practical  foresters  of 
the  notion  that  forestry  consists  in  the  random  sticking  in  of  trees,  which  anyone, 
no  matter  how  unskilled,  may  accomplish.  We  must  bring  home  to  the  people  s 
minds  that  in  science  is  to  be  found  the  only  sure  guide  to  proper  timber-growing, 
and  that  scientifically  managed  forests  are  alike  a  profit  to  the  producer,  a  benefit 
to  the  community  of  the  region  in  which  they  are  reared,  and  a  source  of  national 
wealth.  Once  we  have  got  so  far  as  to  create  this  opinion,  the  funds  for  as 
extended  a  scheme  of  forestry  education  as  may  he  necessary  will,  I  venture  to 
think,  be  forthcoming. 

There  is  still  the  other  question  to  answer — Whence  are  the  teachers  to  come  ? 
This  is,  I  think,  fundamental.  For,  given  a  competent  teacher,  he  will  soon  find 
opportunity  for  teaching.  If  to-morrow  the  whole  or  even  a  half  of  the  chairs 
suggested  by  Dr.  Nisbet  as  essential  were  founded,  how  should  we  meet  the  demand 
for  men  to  fill  them  P  We  might,  of  course,  diaw  upon  the  Indian  Forest  Ser- 
vice, but  I  do  not  know  where  you  would  find  teachers  in  Britain.  But  if  there  is 
no  pro(>pect  of  such  immediate  requirement  of  teachers,  that  does  not  make  the 
fact  of  their  deficiency  of  any  less  moment.  There  is  surely  something  wrong 
when  men  capable  o€  giving  scientific  instruction  in  so  important  a  practical 
subject  are  so  scarce. 

This  is  how  it  touches  us  botanists,  and  upon  our  shoulders  I  am  disposed  to 
throw  the  blame  for  the  present  outlook.  We  do  not  seem  to  have  realised,  except 
in  relation  to  medicine,  that  modem  botany  has  an  outlet.  Perhaps  it  has  been 
the  influence  of  medidne  that  has  engendered  this.  We  find  chemists  and 
nhysicists  devoting  their  science  to  the  furtherance  of  practical  aims.  Zoologists 
liave  applied  theirs  to  the  elucidation  of  problems  bearing  on  the  fishery  industry ; 
and  we  see  in  that  monument  to  the  ability  and  energy  of  Professor  Ray  Lankester, 
the  marine  biological  laboratory  at  Plymouth,  an  experimental  station  which, 
while  it  contributes  to  the  nation's  prosperity,  serves  at  the  same  time  as  a  home  or 
pure  research.  But  where  is  the  practical  outcome  of  modem  botany  P  I  must 
not  overlook  such  brilliant  work  as  that  of  Marshall  Ward,  full  of  purpose,  and 
significant  as  it  is  to  many  large  industries,  nor  that  of  Oliver  in  its  bearings  on 
horticulture.  But  it  does  seem  to  me  that  the  general  trend  of  botanical  work  in 
Britain  is  not  utilitarian.  Perhaps  as  good  an  illustration  as  could  be  given  of  the 
slight  practical  importance  attached  by  the  lay  mind  nowadays  to  botany  is  the 
fact  that  the  Scottish  Universities  Commissioners  have  made  it — though  I  must 
add  it  is  bracketed  with  zoology — optional  with  mathematics  for  the  degree  in 
agriculture  I 

It  ia  matter  of  history  that  its  utilitarian  side  gave  the  first  impetus  to  the 
scientific  study  of  botany.  Hie  plant-world,  as  the  source  of  products  of  economic 
Yalue  and  drugs,  attracted  attention,  and  oat  of  this  grew,  by  natural  development^ 
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the  8j8tematic  studj  of  plants.  The  whole  teaching  of  botany  was  at  the  fint,  and 
continued  for  long  to  be,  systematic  and  economic,  and  it  was  from  this  point  of 
view  that,  the  herDalist  having  become  the  physician,  botany  became  so  essential 
a  branch  of  medical  study.  It  is  noteworthy  that  as  an  early  practical  outcome  of 
the  study  came  the  establishment  of  botanic  gardens,  which,  at  their  institution, 
were  essentiallv  what  we  would  now  style  experimental  stations,  and  contributed 
materially  to  the  introduction  and  distribution  of  medicinal  and  economic  plants, 
and  to  the  trial  of  their  products.  If  they  are  now  in  many  instances  simply 
appendages  of  teaching  establishments,  or  mere  pleasure-grounds,  we  at  least  in 
Britain  are  fortunate  in  possessing  an  unrivalled  institution  in  the  Royal  Ghardens 
at  Kew,  which  still  maintains,  and  under  its  present  able  Director  has  enormously 
developed,  the  old  tradition  of  botanic  gardens  as  a  centre  in  our  vast  empire^ 
through  which  botany  renders  scientific  service  to  our  national  progress. 

In  Britain,  consequent  perhaps  on  our  colonial  and  over-sea  possessions,  the 
systematic  side  of  botany  continued  predominant  long  after  morphological  and 
physiological  work  had  absorbed  the  attention  of  the  majority  of  workers  and 
made  progress  on  the  Continent.  Not  that  we  were  wanting  in  a  share  of  such 
works,  only  it  was  overshadowed  by  the  prevalent  taxonomy,  which  in  the  hands 
of  many  no  lon^r  bore  that  relation  to  its  useful  applications  which  had  in  the 
first  instance  given  it  birth,  and  hai  become  little  more  than  a  dry  system  of 
nomenclature. 

The  reaction  of  a  quarter  of  a  century  ago,  which  we  owe  to  the  direct  teaching  of 
Sachs  and  De  Barv  and  the  influence  of  Darwin,  many  of  us  can  remember :  in  it  some 
who  are  here  to-oay  had  a  share.  Seldom,  I  thinlr,  is  a  revolution  in  method  and 
ideas  of  teaching  and  stud v  so  rapidly  brought  about  as  it  was  in  this  instance.  The 
morphological  and  physiological  aspect  of  the  subject  infused  a  vitality  into  the 
botanical  work  which  it  much  needed.  The  biological  features  of  the  plant-world 
replaced  technical  diagnosis  and  description  as  the  aim  of  teachers  and  workers  in 
this  field  of  science.  No  weightier  illustration  of  the  timeliness  of  this  change 
could  be  found  than  in  the  attitude  of  medicine.  But  a  few  vears  ago  he  would 
have  been  rash  who  would  predict  that  botany  would  for  long  continue  to  be 
recognised  as  a  part  of  university  training  essential  to  medical  students.  Its  utility 
as  ancillary  to  materia  medica  had  lost  point  through  the  removal  of  pharmacy 
from  the  functions  of  the  physician.  But  what  do  we  see  now  P  Not  the  exclusion 
of  botany  from  the  university  curriculum  of  medical  studv,  but  the  recognition  to 
such  an  extent  of  the  fundamental  character  of  the  problems  of  plant-lSle,  that  it 
IB  now  introduced  into  the  requirements  of  the  colleges. 

But  if  the  old  taxonomic  teaching  was  stifled  by  its  nomenclature,  there  is,  it 
seems  to  me,  a  similar  element  of  danger  in  our  modem  teaching,  lest  it  be 
strangled  by  its  terminology.  The  same  causes  are  operative  as  of  old.  The 
same  tendency  to  narrov^ing  of  the  field  of  vision,  which  eventuates  in  mistaking 
the  name  for  the  thing,  is  apparent.  With  the  ousting  of  taxonomy,  and  as  the 
laboratory  replaced  the  garden  and  museum,  the  compound  microscope  succeeded 
the  hand-lens,  and  for  the  paraphernalia  of  the  systematist  came  the  stuns, 
reagents,  and  apparatus  of  microscopical  and  experimental  work  as  the  equipment 
necessary  for  the  study  of  plants,  the  inwards  rather  than  the  outwards  of  plants 
have  come  to  form  the  bulk  of  the  subject-matter  of  our  teaching,  and  we  are 
concerned  now  more  with  the  stone  and  mortar  than  with  the  general  architecture 
and  plan  of  the  fabric ;  we  are  inclined  to  elaborate  the  minute  details  of  a  part  at 
the  expense  of  its  relation  to  the  whole  organism,  and  discuss  the  technique  of  a 
function  more  in  the  light  of  an  illustration  of  certain  chemical  and  phvsicid 
changes  than  as  a  vital  phenomenon  of  importance  to  the  plant  and  its  surroundings. 
This  mechanical  attitude  is  quite  a  natural  growth.  It  is  a  consequence  of 
specialisation,  and  it  is  reflected  in  our  research.  But  it  must  be  counteracted 
it  botany  is  in  the  future  to  be  aught  else  than  an  academic  study,  as  it  was  of  old 
an  elegant  accomplishment.  It  has  come  about  very  much  because  of  that  want 
of  recognition  by  botanists,  to  which  I  have  alreadv  referred,  of  the  natural  outlets 
of  their  study — of  their  failure  so  far  to  see  the  lines  through  which  the  subject 
touches  the  national  life.    Modern  botany  has  not  yet  found  in  this  country  ita 
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full  application.  It  has  not  yet  rendered  the  State  service  as  it  ought,  and  as  was 
done  by  the  taxonomic  teaching  it  supplanted. 

It  18  from  this  point  of  view  that  I  wish  to  point  out  to  you  to-day  that 
through  forestry — and  although  I  have  particularly  dealt  with  this  branch  of  Rural 
Economy,  what  I  say  is  equally  true  of  horticulture  and  agriculture — modern 
botanical  study  should  find  a  sphere  of  application  by  which  it  may  contribute  to 
our  national  well-being,  and  which  would  have  a  directive  influence  upon  its 
teaching,  taking  it  out  of  the  groove  in  which  it  tends  to  run.  What  we  botanists 
need  to  do  in  this  connection  is  to  teach  and  to  study  our  subject  from  a  wider 
platform  than  that  of  the  mere  details  of  individual  form,  and  to  enooiursge  our 
pupils  to  study  plant-life  not  merely  in  wateivcultures  in  the  laboratory,  but  in  the 
oroader  aspects  exhibited  in  the  com)>etitiTe  field  of  Nature. 

If  forestry  is  ever  to  thrive  in  Britain  botanists  must  lay  the  foundation  for  it 
in  this  way.  We  cannot  expect  to  make  our  pupils  foresters,  nor  can  they  yet 
get  the  practical  instruction  they  require  in  Britain.  In  this  we  must  depend 
yet  a  while  on  Continental  schools ;  the  stream  of  Continental  migration,  which 
needs  no  longer  to  flow  in  morphological  and  physiological  channels,  must  now 
turn  in  the  direction  of  forest  schools.  But  we  can  so  mould  their  studies  and 
give  bias  to  their  work  as  will  put  them  on  the  track  of  this  practical  subject.  If 
we  had  only  a  few  men  so  trained  as  competent  foresters,  ana  capable  of  teaching 
forestry,  there  would  be  an  efficient  corps  with  which  to  carry  on  the  crusade 

r'nst  ignorance  and  indifierence,  the  overcoming  of  which  will  be  the  prelude  to 
organisation  of  forestry  schools  and  scientific  sylviculture  in  Britain.  The 
influence  of  the  individual  counts  for  much  in  a  case  like  this.  The  advent  of  a 
capable  man  started  forestry  teaching  in  Scotland,  which  years  of  talk  had  not 
succeeded  in  doing.    And  so  it  will  be  elsewhere. 

I  have  endeavoured,  thus  briefly,  to  sketch  the  position,  the  needs,  and  the 
prospects  of  forestry  in  Britain.  Its  vast  importance  as  a  national  question  must 
sooner  or  later  be  recogniaed.  It  is  a  subject  of  growing  interest.  Its  elements 
are  complex,  and  it  touches  large  social  problems;  but  the  whole  question 
ultimately  resolves  itself  into  one  of  the  application  of  science.  To  botanists 
we  must  look  in  the  first  instance  for  the  propagation  of  the  scientific  knowledge 
upon  which  this  large  industry  must  rest.  They  must  be  the  apostles  of  forest^. 
And  forestry  in  turn  vrill  react  upon  their  treatment  of  botany.  Botany  cannot 
thrive  in  a  purely  introspective  atmosphere.  It  can  only  live  by  keeping  in  touch 
with  the  national  life,  and  the  path  by  which  it  may  at  the  present  time  best  do 
this  is  that  ofiered  by  forestry. 

The  Section  was  then  divided  into  two  Departments :  (1)  Zoology,  (2)  Botany. 


Department  of  Zoologt. 

The  following  Papers  were  read : — 

1.  On  the  Didermic  Blastocyst  of  the  Mammalia, 
By  Professor  A,  W,  W.  Hubbbcht,  LL,D. 

It  is  a  fact  that  about  the  simple-  and  early  didermic  stage  of  the  mam- 
malian blastocyst  very  divergent  views  are  at  the  present  moment  held  by 
different  observers.  Only  lately  an  English  embryologist,  who  with  great  technical 
skill  has  considerably  added  to  our  knowledge  of  the  development  of  the  mouse, 
brought  forward  certain  ingenious  speculations  concerning  this  didermic  stage  in 
other  mammals  besides  those  with  which  he  was  personally  acquainted.  The  author 
referred  to  Dr.  Robinson's  paper  in  vol.  xxxiii.  of  the  *  Quarterly  Journal  of 
Microscopical  Science.' 

According  to  these  views  the  outer  layer  of  the  monodermic  blastocyst  is  in 
teality  a  hypoblastic  layer.    The  didermic  phase  essentially  originates  out  of  this 
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by  a  gradual  spreading  of  epiblast  celk  outnde  the  more  primitlye  hypoblastio 
wall. 

However  ingenious  these  speculations  may  be,  the  author  holds  them  to  be 
erroneous. 

As  an  example  of  a  mammal  the  early  development  of  which  furnishes  ua 
with  dedsive  evidence  in  this  respect,  the  author  wishes  to  call  attention  to 
Tuptna  javanica,  a  snoiall  insectivorous  mammal  from  the  Malay  Archipelago,  of 
which  a  stuffed  specimen  was  exhibited. 

Of  this  mammal  the  author  possesses  a  most  complete  series  of  preparations 
of  the  early  developmental  phases,  including  the  extrusion  of  the  polar  bodies,  the 
fecundating  process,  the  segmentation,  &c.  Selections  from  these  preparations 
were  brought  over  by  him  to  the  meeting,  which  were  demonstrated  to  those  who 
were  desiious  to  look  at  them  more  closely. 

On  the  plate  exhibited  to  the  Section  a  few  of  the  more  important  stages  were 
figured  by  which  the  growth  of  the  didermic  blastocyst  is  elucidated. 

It  was  seen  that  during  the  early  stages  of  cleavage  of  the  ovum  there  is  no 
sensible  difference  in  size  of  the  cells  then  arising.  Still,  as  early  as  the  solid 
morula-stage,  there  is  an  unmistakable  outer  layer  and  an  inner  core  of  cells,  the 
latter  increasing  from  one  to  about  a  dozen  cells.  When  the  latter  number  is 
exceeded  a  cavity  arises,  the  outer  layer  becomes  the  wall  of  this  early  mono- 
dermic  phase,  and  the  inner  core  is  massed  together. 

'With  equal  rapidity,  however,  a  further  differentiation  of  this  inner  core  into 
a  layer  of  flattened  cells  and  a  knob  of  more  cubic  ones  is  now  inaugurated,  the 
former  arranging  themselves  into  the  inner  wall  of  what  then  becomes  the 
didermic  blastocyst,  the  latter  being  at  the  outset  a  local  thickening  of  this  inner 
la^er.  The  outer  laver  forms  a  closed  sac  over  and  above  the  inner  layer  and  the 
thickened  knob.  The  outer  layer  is  what  the  author  has  called  the  trophoblast, 
the  inner  layer  the  hypoblast,  the  thickened  knob  containing  the  material  out  of 
which  both  the  epiblast  and  the  hypoblast  that  are  going  to  contribute  towards 
the  formation  of  the  embryo  itself  will  be  evolved. 

This  takes  place  simultaneously  with  a  rapid  extension  in  size  of  the  didermic 
blastocyst. 

The  embryonic  knob  may  be  said  to  have  a  more  flattened  and  a  more  convex 
surface  ;^  the  former  is  applied  against  the  trophoblast,  the  latter  protrudes  into 
the  cavity  of  the  blastocyst.  Where  these  two  surfaces  meet,  the  peripheral 
hypoblast  and  the  embryonic  knob  are  connected  together. 

Soon,  however,  the  convex  surface  of  the  embryonic  knob  is  seen  to  be 
gradually  converted  into  a  cell  layer,  which  remains  in  connection  with  the 
peripheral  hypoblast,  but  which  gradually  becomes  separated  from  the  rest  of  the 
embryonic  knob. 

An  expanse  of  cells  has  then  been  interpolated  into  the  primitive  hypoblast  of 
the  early  didermic  stages,  in  the  region  where  the  embryo  is  going  to  be  evolved — 
ue,,  in  the  region  of  the  embryonic  shield. 

As  yet  the  epiblast  is,  however,  not  expanded  into  a  shield,  but  folded  together 
in  the  embryonic  knob.  The  first  indication  of  its  expansion  is  a  dehiscence  in 
the  central  portion  of  the  knob,  by  which  the  hemispherical  knob  becomes  con- 
verted into  a  hollow  cup.  The  upper  rim  of  this  cup  at  the  same  time  becomes 
confluent  with  the  trophoblast  that  overcaps  it,  the  convexity  of  the  cup  becomes 
lessened,  and  the  trophoblast  then  no  longer  covers  the  embryonic  epiblast. 
Finally,  the  convexity  altogether  disappears,  the  hollow  cup  surface  is  stretched, 
and  the  fiat  or  slightly  curved  embryonic  shield  has  come  into  existence.  The 
hypoblast  below  the  embryonic  shield  is  much  less  flattened  than  the  peripheral 
hypoblast. 

This  may  be  called  the  final  stage  of  the  didermic  blastocyst  It  is  directly 
comparable  to  the  similar  stage  of  other  mammals,  and  somewhat  more  indirectly 
to  that  of  the  Sauropsida,  with  a  considerable  amount  of  food-yolk. 

The  formation  of  mesoblast,  with  which  we  will  not  here  occupy  ourselves,  is 
very  soon  inaugurated. 

The  phenomena  described  above  leave  no  doubt  but  that  the  wall  of  the  tran^ 
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sitory  monodermic  stage  is  epiblastic  in  nature,  and  not  hypoblastic,  m  Robinson 
will  nave  it.  The  true  hypoblast  spreads  out  against  its  inner  surface,  much  in 
the  same  way  as  Van  Beneden  has  described  it  for  the  rabbit,  Van  Beneden  and 
Julin  for  the  bat,  Heape  for  the  mole,  Selenka  for  the  opossum,  and  the  author  for 
the  8hrew.  This  conyersion  of  the  monodermic  into  a  didermic  stage  is,  however, 
in  Tupafa  brought  about  in  a  stage  when  the  dimensions  of  the  blastocyst  are 
yet  exceedingly  smalL 

In  conclusion  the  authoi*  pointed  out  that  the  early  developmental  stages  here 
sketched  have  confirmed  him  in  the  conviction  that  in  the  formation  of  the 
mammalian  blastocyst  csnogenetic  processes  play  a  prominent  nart.  It  is  by  pre* 
cociouB  segregation  that  cell-matter  of  epiblastic  and  of  hypoblastic  ancestry  is 
arranged  into  a  two-lavered  vesicle,  whereas  the  really  formative  matter  out  of 
which  the  embryo  will  be  built  up  is  yet  quiescent  in  the  embryonic  knob. 

This  &ct  has  made  the  mammalian  blastocyst  a  very  puzzling  structure  to  com- 
parative embryologists ;  and  we  can  only  come  to  a  clear  conception  of  its  real 
nature  if  we  are  willing  to  acknowledge  that  the  holoblastic  segmentation  of  the 
mammalian  ovum  is  something  totally  different  from  the  holoblastic  segmentation 
of  very  many  invertebrates  and  of  Amphioxus.  Being  an  apparently  palin- 
genetic  feature,  it  is  all  the  more  misleading.  And  we  must  not  wonder  that  the 
later  processes  of  mesoblast  formation  have  been  affected  by  the  cffinogenetic 
changes  just  alluded  to  which  have  come  about  in  the  very  early  stages. 


2.  On  the  Ancestry  oftlie  ChordcUa,     By  W.  Garstano. 


3,  On  tlie  Structure  of  the  Integument  q/'Polyodon. 

By  W.  E.  COLLINGB, 


4.  On  the  VertebrcB  q/*  Amphisile.     By  W.  E.  Collingk. 


Department  op  Botany. 


1.  Tivo  Irish  Brown  Algce,    By  Professor  T.  Johnson. 

The  author  described  the  characters  of  Keinke's  genus  Pogotridium,  founded 
in  1892,  and  compared  them  with  those  of  Lttosiphon,  founded  in  1860  by 
Harvey.  The  recently  discovered  plurilocular  sporangia  of  Lttosiphon  Laminarus, 
Harv.,  were  described,  and  it  was  considered  that  the  evidence  afforded  by  their 
position  and  characters  with  the  differences  in  the  vegetative  organs  was  sufficient ' 
to  justify  the  continuance  of  Pogotrichum  as  a  genus  distinct  from  Litostphon» 
Lantern  slides,  microscopic  and  other  illustrations,  were  shown. 


2.  Some  Chcdk-forming  and  Chalk-destroying  Algce, 
By  Professor  T.  Johnson. 

The  author  exhibited  and  described  the  characters  of  a  number  of  QoraJllinaee<i^ 
(chalk-forming  red  algoe)  collected  b^  him  at  different  parts  of  the  Irish  coast 
during  the  past  three  years.  Preparations  were  shown  of  chains  of  spermatia  form- 
ing the  antheridia  in  Lithophyllum  (Melobesia)  lichenoides,  and  attention  was 
called  to  their  possible  mode  of  formation.  Specimens  (microscopic,  &c.)  of  shell- 
boring  algae  were  shown  and  new  features  in  their  life-histoiy  and  distribution 
de8crU)ed.  Suggestions  as  to  the  relation  of  the  carbonate  of  lime  to  the  two  groups- 
were  made  and  asked  for. 
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3.  On  the  Development  of  Cystocarp  in  Folisiphonia  nigrescens. 
By  H.  Phillips. 


4.  An  Exhibition  of  Algce,    By  A.  Church, 


FRIDAY,  AUGUST  10, 
The  following  Papers  were  read : — 
1.  On  the  Relations  of  Protoplasm^     By  Professor  E,  van  Bkkbdek. 


2.  On  the  Periodic  Variation  in  tlie  Number  of  Chromosomes^ 
By  Professor  E.  Strasburqer, 


3.  On  Chlorophyll  in  Atiimcds, 
By  Professor  E.  Ray  Lamkestbr,  F.B.S, 


Department  of  Zoology. 
The  following  Papers  were  read : — 

1.  On  the  Origin  and  Morphological  Signification  of  the  Notochord. 
By  Professor  E.  van  Beneden. 


2.  On  tlie  Carpus  of  the  Greenland  Right-whale  compared  with  those  of 
Fin-whales.     By  Professor  J.  Struthers,  Jf.i).,  LL,D, 

In  his  preliminary  notice  in  1885  the  author  stated  the  eeneral  conclusion 
that  he  found  diminution  in  the  number  of  bones  in  the  second  carpal  row  firom 
Hyperoodon  to  Mystieetus,  The  following  further  observations  relate  to  the 
whalebone  whales  only.  The  species  and  number  dissected  were :  two  of  BaUena 
mystieetus,  iive  of  Baksnoptera  musculus,  one  of  B,  borealis,  two  of  B.  rostrata^ 
smd  one  of  Megaptera  Umgimana, 

Besides  noting  the  surface  grooves,  horizontal  sections  were  made,  showing  the 
lines  of  fibrous  suture  marking  off  the  limits  of  the  cartilages  and  brining  into 
view  ossifications  not  seen  on  the  surfaces.  As  the  fibrous  sutures  uniting  these 
tiat-walled  cartilages  are  so  narrow  and  firm  as  to  prevent  moTement,  these  car- 
tilages must  be  regarded  as  individually  functionless,  and  we  are  prepared  to  find 
diii'erences  between  the  species  and  variation  among  individuals  of  the  same 
species. 

In  regard  to  the  first  row  of  the  three  usual  mammalian  pro-carpals  in  Mysti-' 
4ietus  the  intermedium  sends  up  a  peak  between  the  forearm  bones,  articulatiog  with 
ulna  as  well  as  with  radius,  and  tne  pisiform  is  widely  separated  from  the  mnare, 
in  both  of  these  particulars  contrasting  with  the  finners. 

In  the  second  row,  instead  of  the  usual  four  disto>carpals  in  mammals,  Mysti- 
eetus has  but  one  broad  cartilage  bone,  supporting  digits  UI.  and  II.,  and  in  pttrt 
digit  I.  Digits  IV.  and  V.  are  supported  by  the  ulnare,  digit  V.  in  part  resting 
on  the  ulna,  so  that,  on  the  ulnar  side,  the  ulnare  represents  the  entire  carpus. 

The  ossijfications  in  Mystieetus  Taiy.  In  the  48-feet-Iong  female,  which  may  be 
reckoned  adult  or  nearly  so,  the  only  bones  ossified  in  the  left  caipus  are  the  inter- 
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medium  and  ulnare,  and  largely  so;  in  the  right  carpus  an  osBification  occurs 
also  in  the  disto-carpali  of  medium  size.  The  radiale  is  not  ossified  in  either  carpus. 
Li  the  d6-feet-long  male  My$ticetu8j  in  the  right  carpus  (the  left  not  obtained),  three 
ossifications  occur^  but  they  are  in  the  radiale,  the  intermedium,  and  disto-carpal, 
not  in  the  ulnare.  Moreover,  in  this  two-thirds-grown  My$tioetus  the  metacarpal 
of  the  pollex  is  fully  ossified,  while  in  the  adult  the  pollex  is  entirely  cartiia- 
ginous. 

In  the  finners,  in  the  distal  row,  two  cartilage  bones,  more  or  less  ossified,  occur 
normally,  supporting  the  two  greatest  digits.  In  the  65^-feet-long  B,  muscultw 
these  two  are  united  into  one  boue,  notches  above  and  below  and  a  groove  on  the 
surface  indicating  synostosis  of  two  formerly  separate  bones.  In  three  of  the  five 
B.  mtt8cultis  a  disto-carpal  was  found  supporting  the  inner  of  the  four  digits,  car> 
tilaginous  in  the  60-feet-long  one  and  in  the  60^-feet-long  one,  and  with  a  small 
oesiGcation  in  the  65|-feet-long  one.  In  the  45-ieet-long  one  there  was  no  trace 
of  this  third  disto-carpal,  either  bony  or  cartilaginous,  nor  was  it  present  in  the  36- 
feet-long  B,  borealUy  nor  in  either  of  the  two  adolescent  B,  rostrata* 

In  the  Megaptera,  40  feet  long,  the  ulnare  is  a  very  broad  bone,  extending  for 
over  one-third  of  its  breadth  below  the  radiii»,  thus  occupying  also  the  locality  of 
an  intermedium,  and  between  it  and  the  radiale  occurs  an  undersized  intermediate 
bone.  These  two  latter  form  the  entire  carpu^,  as  one  row,  between  the  radius  and 
the  massive  radial  metacarpal.  Small  ossifications  occur  in  the  radiale  and  in  the 
ulnare  to  its  ulnar  side. 

The  pisiform  is,  in  the  great  finners,  large  and  square-shaped ;  in  B.  rostrata^ 
narrow  and  directed  upwards ;  in  MysticetuSf  transversely  elongated.  Regarded 
by  some  as  merely  a  sesamoid,  it  serves  as  a  stretcher,  giving  breadth  to  this  broad 
part  of  the  limb,  steadied  by  the  flexor  carpi  ulnaris  muscle,  which  the  author  has 
found  to  be  present  in  all  the  cetacea  he  has  dissected,  whether  whalebone  or 
toothed.  In  the  60^-feet-long  B.  musnulus  it  bad  an  ossification  as  large  as  a 
walnut.  The  pisiform  may  be  said  to  be  the  only  one  of  these  bones  adapted  to 
serve  a  function.  The  mass  of  cartilage  forming  the  carpus  serves  to  give  some 
low  flexibility  and  elasticity  at  that  part  of  the  limb,  like  a  piece  of  firm  India* 
rubber  in  the  middle  of  an  oar ;  but  the  mapping  into  distinct  cartilage  bones,  more 
or  less  ossified,  in  these  whales  can  be  explHined  only  on  the  view  of  inheritance 
from  some  mammal  whose  diarthrodially  jointed  carpal  bones  were  adapted  to  allow 
of  particular  movements. 

3.  On  the  Species  o/Amphioxus,     By  J.  W.  Kirkaldt. 
I.  Branchiostoma  Lancedatum  (Costa). 

Distribution. — Mediterranean  Sea,  English  Channel,  North  Sea,  Coast  of 
Norway. 

Gonads  26  pairs. 

Both  metapleural  folds  die  away  behind  the  atriopore. 

Myotomes  35, 14,  12.  ^ 

Snout  fin  of  medium  size,  pointed. 

Caudal  fin  lancet-shaped. 

II.  Branchiarioma  Cali/omiense  (Cooper). 

IMstribution. — Coast  of  California. 

Gonads  31  pairs. 

Both  metapleural  folds  die  out  behind  the  atriopore. 

Myotomes  45,  17,  0. 

Head  region  very  small,  snout  fin  not  marked  off  from  the  dorsal  fin. 

Tail  fin  long  and  shallow. 

III.  Branchiostoma  Belcheri  (Gray). 

Distribution. — Borneo  and  Torres  Straits,  Australia. 

Gonads  25  pairs. 

Both  metapleural  folds  die  oat  behind  the  atriopore. 
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Myotomes  37, 17, 10. 

Snout  fin  long. 

Caudal  fin  wide  and  short. 

IV.  Branckioitoma  Caribman  (Sundevall). 

Distribution. — ^East  Coast  of  S.  America,  Gulf  of  Mexico,  West  Indies. 

Gonads  27  pairs. 

Both  metapleural  folds  die  out  behind^the  atriopore. 

Myotomes  37,  16,  8. 

Snout  and  tail  fins  small. 

Anus  far  back. 

V.  MtUropleuron  Bassannm, 
Branchiostoma  Bassanum  (Giinther). 

Distribution. — Bass  Straits,  Australia. 

Gonads  30,  unpaired. 

Right  metapleuron  continuous  with  the  caudal  fin. 

licIt  metapleuron  dies  away  behind  the  atriopore. 

Myotomes  44, 16, 17. 

Snout  fin  large  and  pointed. 

Tail  fin  long. 

YI.  Heteroplettron  Cultellum. 

Branchiostoma  Cidtelluni  (Willey). 
EpigonichihyB  CatteUwt  (Peters). 

Distribution. — Torres  Straits,  Australia. 
Gonads  19,  unpaired. 

Right  metapleuron  continuous  with  the  caudal  fin. 
Left  metapleuron  dies  away  behind  the  atriopore. 
•     Myotomes  32, 10, 10. 
Dorsal  tin  very  high. 
Anterior  expansion  of  notochord  club-shaped. 

VII.  JSeteropleuron  Sint/aleTue. 

Distribution. — Ceylon. 

ttonads  26,  unpaired. 

Right  metapleuron  continuous  with  the  caudal  fin. 

I>eft  metapleuron  dies  away  behind  the  atriopore. 

Myotomes  39, 17,  8. 

Anus  far  back. 

Snout  and  caudal  fins  small. 

VIII.  Aast/metron  Lticayanum  (Andrews). 

Distribution. — Bahamas. 

Both  metapleura  meet  at  the  anterior  end  of  the  pre-oral  chamber,  and  are 
continuous  witn  the  snout  fin. 

Oral  hood  far  back,  and  with  few  cirri,  of  which  two  sets,  about  a  median 
cirruf,  are  webbed. 

Gonads  29,  unpaired. 

Right  metapleuron  continuous  with  the  caudal  fin. 

Ijet't  muttapleuron  dies  away  behind  the  atriopore. 

Myotomes  44,  0,  13. 

Long  caudal  extension. 
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Department  op  Botany. 

The  following  Papers  were  read : — 

1.  Ont?^  Phylogenetic  Position  of  the  ChcUazogamic  Amentifertx, 
^y  Miss  M.  Benson. 

The  author  reyiewed  the  points  of  resemhlance  that  ohtained  hetween  the 
CupulifersB  and  the  four  cbalazogamic  genera,  Alnus,  Betula,  Corylus,  and  Carpi- 
nus,  and  was  led  to  the  conclusion' that,  with  the  exception  of  the  difference  in  tne 
route  of  the  pollen  tuhe  and  the  concomitant  adaptations,  no  fundamental  distinc- 
tions could  be  drawn  between  the  chalazogamic  and  porogamic  genera. 

The  author  also  described  and  exhibited  some  abnormal  inflorescences  of  FagvM 
syivaticaf  Quercus  Ilex,  and  Alnua  glutinosa,  and  suggested  atavism  as  their 
explanation. 

2.  On  the  Hygroscopic  Dispersal  of  Fruits  in  certain  Labiates, 
By  Miss  D.  Pertz. 


3,  On  the  Hybridisation  of  Orchids,     By  Dr.  James  Clark. 


SA  TURD  A  y.  A  UG  UST  1  !• 

Department  of  Zoology. 

The  following  Keports  and  Papers  were  read : — 

1.  Interim  Report  on  a  Digest  of  the  Observations  on  the  Migration  of 
Birds  at  LigJuhouses. — See  Reports,  p.  348. 


2.  Report  on  the  Legislative  Protection  of  Wild  Birds*  Eggs. 
See  Reports,  p.  347. 


3.  Beport  on  a  Deep-sea  Tow  Net, 


4.  On  Temperature  as  a  Factor  in  the  Distribution  of  Marine  Animals, 

By  Dr.  O.  Maas. 

In  the  question  of  the  influence  of  temperature  on  marine  animals  no  suflicient 
distinction  has  been  made  hitherto  between  three  classes  of  facts : — 

1 .  Between  the  animals  of  the  Plankton,  the  Benthos,  and  the  Nekton. 

2.  Between  the  vertical  and  the  horizontal  differences  of  temperature. 

3.  Between  eurjthermal  animals  which  can  stand  great  differences  of  tem- 

peratures, and  the  eurjthermal  ones  which  cannot. 

The  eurythermal  animals  cannot  be  appealed  to  in  proof  of  anything  regarding 
temperature. 

For  the  stenothermal  the  average  temperature  of  a  locality  is  of  small  too- 
geographical  value,  while  the  extent  of  variation  is  the  most  important  factor. 

The  Nekton  animals  are  more  eurythermal ;  otherwise  their  power  of  swim- 
ming, which  brings  them  into  very  different  conditions  of  temperature,  would  be 
of  no  use  to  them. 
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The  Plankton  and  Benthos  animals  are  (with  some  exceptions  discussed)  more 
stenothermal ;  hence  results  the  known  division  of  the  coasts. 

A  distribution  of  the  animals  of  the  open  ocean  into  regions  is  possible  too, 
chiefly  on  account  of  the  currents. 

Some  instances  of  that  were  given  from  the  facts  of  the  Plankton  expedition, 
chiefly  of  the  Medusaty  which  have  been  worked  out  by  Dr.  Maas.  Most  interest- 
ing in  this  regard  are  the  Oerycnids^  which  in  every  ocean  basin  do  not  exceed  a 
certain  N.  or  S»  latitude^  and  tohich  as  Plankton  animals  occupy  a  similar 
portion  of  the  map  as  the  corals  of  the  Benthos, 

Dr.  Maas  is  led  to  the  conclusion  that  a  comparison  between  the  vertical 
diiferences  and  those  found  in  higher  latitudes  can  only  be  carried  to  a  limited 
depth. 

The  horizontal  distribution  of  the  pelagic  fauna  is  not  compensated  by  the 
vertical  difi'erences. 

There  are  no  various  belts  of  vertical  life ;  the  intermediate  fauna  between  the^ 
Plankton  of  the  surface  and  the  Benthos  of  the  abyss  may  be  supposed  to  be  only 
Nekton. 

This  is  valid  for  the  deep  sea.  In  lower  seas  the  life  may  be  continuous  from 
the  surface  to  the  bottom.  Sometimes  special  conditions,  especially  of  temperature, 
prevail  (e.^.,  in  the  Mediterranean,  where  a  depth  of  2,000  m.  shows  IS^).  The 
occurrence  of  a  deep-sea  pelagic  fauna,  neither  belonging  to  the  surface  nor  in 
connection  with  the  ground,  as  well  as  the  survival  of  deep-sea  animals  coming- 
to  the  surface,  may  be  explained  by  this  higher  temperature. 


5.  Second  Report  on  the  Zoology  of  the  Irish  Sea^ 
See  Reports,  p.  318. 

6.  On  Marine   Fish-hcUching   and  the    Dunbar    EstaMishment    of  the 
Fishery  Board  for  Scotland.     By  Professor  W.  0.  McIntosh,  F.R,S. 

It  was  stated  that  we  are  yet  in  doubt  as  to  the  beneficial  efiects  to  the  fisheries 
of  the  artificial  hatching  of  sea-fishes,  but  that  the  importance  of  the  issue  demanded 
a  thorough  triaL  Several  nations,  such  as  the  Americans  and  Norwegians,  had 
chiefly  experimented  with  the  cod,  other  forms  having  been  dealt  with  in  small 
numbers.  Though  the  sole  was  selected  as  the  most  suitable  species,  the  lateness 
of  its  spawning  period  gave  an  opportunity  for  a  prelim iuary  series  of  experiments 
with  the  plaice.  Accordingly  a  total  of  896  plaice  were  collected,  the  average 
size  of  the  males  being  about  17  inches,  and  that  of  the  females  about  20  inches. 
From  these  27,350,000  ova  were  obtained,  hatched  in  the  boxes  (Dannevig's),  and 
the  larval  plaice — to  the  number  of  26,060,000— sent  into  the  sea,  the  loss  in  the 
process  being  only  about  4*4  per  cent. 

At  Dunbar  the  eggs  are  shed  in  the  spawning-pond,  and  carried  to  the  spawn- 
collector  by  the  current.  They  are  then  counted  and  placed  in  the  hatching- 
boxes.  The  sea-water  for  these  is  passed  through  a  series  of  flannel-filters,  so  as  to 
secure  purity.  Moreover,  besides  the  current  entering  the  end  of  the  box,  an  up- 
and-down  movement  is  communicated  to  tbem  twice  every  minute,.80  that  the  ova 
are  evenly  distributed  through  the  water.  On  the  whole  the  operations  for  the 
first  year  were  most  successful.' 


Dbpabtmbnt  of  Botakt. 

The  following  Papers  were  read : — 

1.  On  the  Correlation  hetiJoeen  Root  and  Shoot,     By  Professor  L.  Knt. 

*  A  full  account  of  the  experiments  will  be  given  by  Dr.  Fulton  in  the  forth*^ 
coming  Twe^th  Annual  Report  qfthe  Fishery  Boa/rd/or  Scotland, 
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2.  On  the  SenaUiveneti  of  the  Soot'iip.    By  Professor  W.  Prarvm, 


3.  ShehihUion  of  Diagrams.    By  'Proteaaor  L.  Elmr, 


MONDAY,  AUGUST  XZ. 
Depabtmekt  of  Zoology. 
The  foUowisg  Report  and  Papers  were  read : — 

1.  Interim  Report  on  Telegony. — See  Reports,  p.  346, 


On  some  Difficulties  of  Dartvinism, 
By  Professor  D'Abot  Thoupsok. 


3.  On  Social  Insects  amd  Evolution    By  Professor  C.  V.  Rilbt. 

Experiment  and  discussion  on  the  question  as  to  whether  acquired  characters  are 
transmitted  or  not  through  heredity  have  of  late  been  largely  based  upon  the 
economies  of  insects,  and  especially  of  the  social  species.  The  author  gives  a 
summary  of  what  is  known  of  the  habits  and  economies  of  bees,  wasps,  ants,  and 
termites,  especially  as  to  the  development  of  the  young.  He  points  out  that  the 
origin  of  neuters,  with  their  diversiiied  forms,  in  these^social  insects  has  been  con- 
sidered one  of  the  greatest  difficulties  with  which  the  theory  of  natural  selection  has 
had  to  contend,  weismann,  in  urging  his  own  particular  theories  to  account  for  the- 
variation  which  organisms  have  undergone,  insists,  snd  has,  within  the  last  year,, 
in  his  controversy  with  Herbert  Spencer,  emphasised  his  belief,  that  these  neuter 
insects  absolutely  preclude  the  idea  of  the  transmission  of  acquired  characters. 
The  author  believes,  on  the  contrary,  and  endeavours  to  show,  that  while  these 
neuters  among  social  insects,  with  their  varied  structures  and  habits,  do  indeed  offer- 
serious  obstacles  to  the  theory  of  natural  selection  as  an  all-sufRoient  theory  to- 
explain  the  phenomena,  these  are  nevertheless  perfectly  explicable  upon  the  general 
prmciples  that  have  governed  the  modification  of  organisms,  among  which  natural . 
selection  plays  an  important  but  limited  part. 

Among  the  social  Hymenoptera,  where,  as  in  the  bees  and  wasps,  the  larva  ]» 
nursed  and  brought  up  in  a  definite  cell  or  cradle,  the  three  castes  of  male  (or- 
drone),  fertile  female  (or  queen),  and  neuter  (or  worker^  are  quite  definitely  fixed, 
and  separated.  The  differences  between  the  worker  ana  the  queen  are,  however,, 
solely  due  to  the  treatment  of  the  larvae,  and  are  consequently  under  the  control  of 
the  colony.  The  same  larva,  according  to  treatment  and  nurture,  may  produce 
either  a  perfect  queen  or  a  worker,  between  which  the  differences  as  to  size,  struc- 
ture, external  and  internal  organisation,  and  length  of  life  are  very  great.  This  is 
absolutely  and  definitely  proved  for  the  bees,  and  is  doubtless  equally  true,  thougb 
with  less  absolute  proof,  of  the  wasps,  in  whicb  the  same  three  castes  of  male, 
female,  and  neuter  obtain  in  some  species,  while  in  others  the  neuters  are  replaced 
by  parthogenetic  or  unim|)regnated  females,  normally  capable  of  reproducing.  In 
the  ants,  where  the  larva  is  not  confined  to  a  definite  cradle,  and  where  there  are, 
in  the  more  typical  species,  two  castes  of  neuters,  vis.,  soldiers  and  workers,  the- 
variation  between  the  different  castes  is  greater,  and  there  is  also  more  variation  in 
the  individuals  composing  the  different  castes ;  but  the  evidence  all  points  to  the- 
fact  that  these  different  individuals  are  also  the  result  of  food  and  nurture,  very^ 
much  as  with  the  bees  and  wasps. 

In  the  three  families  of  social  Hymenoptera  above  mentioned  the  young  are 
maggot-like  and  absolutely  helpless  and  dependent  on  the  nurses.    In  the  termitesi 
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whieb  beikMig  to  &  different  order  (Platjptera),  much  oldev  in*  time  aoooidiag  to 
the  pahBont^ogical  record — an  order  in  which  the  joung  are  bora  in  the  image  of 
the  parent  and  are  more  or  less  independent  from  birth — one  would  expect  to  find 
larval  nurture  and  environment  lees  potent  in  influencing  ultimate  structure.  Tet 
all  the  facts  known,  and  particularly  the  late  most  painstaking  oheervationa  and 
experiments  of  Grassi,  proye  conclusively  that  here,  also,  the  young  are  dependent 
upon  the  nurBes,  and,  more  remarkable  still,  may  be  diverted,  aoooraing  to  the  food 
and  treatment  given,  to  any  of  the  four  castes  which  characterise  the  typical 
termite  colony,  there  being,  in  addition  to  the  male  and  female,  two  kinds  of 
neuters,  viz.,  soldiers  and  workers,  as  in  the  true  ants.  In  the  first  larval  staffe,  or 
when  first  hatched,  the  individuals  are,  to  all  appearances,  absolutely  alike,  and  each 
possesses  the  potentiality  of  becoming  either  a  worker,  or  a  soldier,  or  a  perfect  sexed 
mdividual.  Nay,  further,  the  pupe,  or  nymphs,  mav  be  diverted  into  reproductive 
forms  which  never  acquire  wings  and  which  are  called  supplementary  queens  and 
kings ;  and  even  larvas  may  be  so  diverted  into  reproductive  forms,  with  no  further 
external  structural  development,  when  -they  become  complementaiy  or  neotinic 
kings  and  queens. 

The  st^  in  the  development  iifom  the  simpler  to  the  more  special  structures 
and  attributes  belonging  to  the  species  with  the  most  perfect  social  orgfanisation 
may  be  traced  in  the  different  species  and  genera  of  their  res^tive  fiimilies  in  all 
social  insects  of  the  present  day.  The  amount  of  variation  is  often  great  in  the 
ants  and  termites,  where  the  environment  is  less  fixed  than  in  the  bees  and  wasns, 
and  this  variation,  among  termites,  is  particularly  manifest  in  the  economv  of  tne 
same  species,  as  exemplified  in  Eutermes,  which  the  author  has  studied  in  the  West 
Indies,  and  in  which  the  number  of  queens  varies  from  one  to  nine  or  more.  It  is 
not  generally  known,  but  it  is  a  fact,  that  existing  termites  (using  the  term  in  the 
broader  sense,  so  as  to  include  several  genera)  exemplify  all  the  steps  in  develop- 
ment from  species  which  are  active  in  broad  daylight  (the  neuters  having  faceted 
eyes  and  dark  integument,  and,  so  far  as  is  known,  no  definite  nest  or  termitary), 
to  the  more  specifuised  species  in  which  the  economy  and  division  of  labour  are 
most  perfect,  and  in  whicn  the  neuters  and  soldiers  are  blind  and  always  work  in 
the  dark  and  build  elaborate  structures.  Further,  the  neuters  in  termites  are  truly 
without  stiix  or  are  modified  individuals  which  might  have  produced  either  sex ; 
while  in  the  Hymenoptera  they  are  invariably  modified  females. 

In  so  far  as  these  different  forms  of  neuter  insects  depend  for  their  development 
on  the  food  and  treatment  given  by  the  nurses,  they  are  outside  the  domain  of 
natural  selection.  The  author  believes,  however,  that  there  is  a  potential,  inherited 
tendency  in  the  young  larva  to  develop  in  the  various  directions  that  have  been 
fixed  for  each  species  in  its  past  development,  as  he  cannot  believe,  «.flr.,  that  young 
larvsB  taken  from  one  species  of  termites,  and  brought  up  under  the  care  of  the 
nurses  of  any  other  species,  can  be  diverted  to  the  forms  peculiar  to  this  last  There 
is  a  possibility,  since  the  food  of  these  young  in  the  social  insects  consists  laigely  of 
secretions  from  the  nurses,  that  these  secretions  may  so  influence  the  changes  as  to 
confine  them  to  the  specific  forms  of  its  own  speciits,  regardless  of  the  parentage  of 
the  young.  That  there  can  be  any  such  powerful  influence  of  nurture  as  would 
neutralise  and  overcome  the  inherited  tendencies  of  species  is,  however,  extremely 
improbable :  its  bare  possibility  opens  up  a  most  iuterestiog  field  for  experiment^ 
which  is  easily  made,  and  doubtless  soon  will  be  made. 

The  author  believes,  with  Darwin,  that  the  variations  in  social  insects  have 
been  guided  by  natural  selection  among  colonies,  but  that  there  has  also  been  what 
he  calls  social  selection  amoog  individuals.  Competition  has  been  between  ooloniea 
rather  than  individuals,  and  those  colonies  which  have  acquired,  through  heredity, 
the  habit  of  producing,  from  one  or  more  fertile  females,  the  different  castes 
characteristic  of  the  species  have,  in  course  of  time,  survived.  He  believes,  how- 
ever, that  this  colony-selection,  as  well  as  the  social  selection  among  individuals,- 
has  been  not  only  along  lines  that  were  and  are  useful  to  the  species,  but  along  lines 
of  secondary  utility,  and  even  along  lines  which  are  purely  fortuitous  and  still  most 
variable  and  unfixed.       •  • 

Finally,  as  between  Weismann's  views  and  those  held  by  Darwin  himself,  ther 
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author  feels  that  the  facts  furnished  hy  the  social  insects  strongly  favour  the  trans-^ 
mission,  through  heredity,  of  acquired  characters,  hoth  psychic  and  .structural,  hut 
that  they  also  require  other  factors  liesides  that  of  natural  selection  to  explain  them. 

The  trouhle  with  all  theories  of  reproduction  and  heredity  hased  solely  on  em- 
bryolo^ic  and  microscopic  methods  is,  that  the  essence,  the  life  principle,  the 
potential  factors,  must  always  escape  such  methods.  Any  theory  that  will  hold 
must  cover  the  psychical  as  well  as  the  physical  facts — the  total  of  well-established 
experience— ana  this  truth  was  recognised  hy  Darwin  in  framing  his  tentative 
theory  of  pangenesis.  We  are  all  in  these  matters  simply  discussing  processes,  and 
the  author  believes  that  too  much  has  been  made  of  the  cell  theory,  the  cell  being 
but  the  medium  through  which  assimilation,  growth,  organisation,  regeneration,  and 
reproduction  are  effected  by  the  ultimate  elements  and  the  inherited  potential 
forces,  call  them  what  we  may.  The  idea  that  the  individual  during  its  lifetime 
develops  all  that  is  potential  in  the  germ  seems  to  him  more  philosophic  than  the 
idea  that  the  germ  originates,  at  a  specific  moment  of  time,  the  tendency  to  all 
that  develops  in  the  individual.  It  may  be  a  perfectly  correct  conception,  to  use 
IVeismann's  language,  that  the  primary  constituents  for  the  characters  of  the 
different  forms  of  social  insects  are  included  in  the  e^ft,  and  that  a  particular  form 
of  stimulus  decides  as  to  which  group  shall  undergo  development ;  out  it  is  diffi- 
cult to  believe,  in  the  lipfht  of  the  facts  which  are  known  concerning  social  insects, 
that  the  different  kinds  of  ids  and  determinants  which  are  thus  conceived  to 
characterise  the  germ  have  not  heen  impressed  upon  it  as  a  consequence  of  the 
characters,  both  acquired  and  congenital,  of  the  parents. 

The  author  finally  calls  attention  to  the  significant  fact  that  just  as  in  man, 
among  Mammalia,  the  higher  intellectual  development  and  social  organisation  are 
found  correlated  with  the  longest  period  of  dependent  infancy  ;  that  this  helpless 
infancy  has  been,  in  fact,  a  prime  influence  in  the  development,  through  family, 
clan,  tribe,  and  state,  of  our  highest  organisation  and  civilisation ;  so  in  the  insect 
world  we  find  the  same  correlation  between  the  highest  intelligence  and  dependent 
infancy,  and  are  justified  in  concluding  that  the  latter  is,  in  the  social  insects  as  in 
man,  in  the  same  way  a  prime  cause  of  the  high  organisation  and  division  of  labour 
80  charact^istic  of  them. 


4.  On  the  R6le  of  Sex  in  Evolution,    By  John  Besrt  Haycrapt,  M.D.^ 
Professor  of  Physiology^  University  College,  Cardiff, 

"While  Weismann  admits  that  the  power  to  vary  is  a  property  of  protoplasm, 
be  looks  upon  sexual  conjugation  as  a  means  whereby  the  number  of  these 
variations  may  be  increased.  But  we  find  that  the  power  to  vary  is  itself  a  most 
varying  character  of  protoplasm,  for  both  in  the  case  of  sexual  and  asexual 
reproduction  certain  species  constantly  produce  striking  varieties,  while  others 
rarely  produce  them,  we  can  therefore  state,  not  only  that  variation  is  a  quality 
of  protoplasm,  but  that  it  has  and  can  acquire  this  quality  in  varying  degree  and 
apart  from  sexual  congregation ;  moreover,  greater  varieties  in  the  progeny  can  be 
obtained  simply  by  increasing  the  number  of  the  offspring.  It  would  appear 
therefore  that,  if  we  accept  the  view  held  by  Weismann,  we  must  assign  to  sexual 
conjugation  a  function  already  possessed  by  protoplasm,  and  it  is  difficult  to  under* 
stand  its  utility.  If,  however,  we  rememher  that  the  varieties  which  occur  in 
newly  allied  forms  (the  only  ones  which  conjugate)  are  variations  chiefly  in  quantity 
(differences  in  size  of  the  whole  or  parts,  amount  of  pigment,  &c.),  we  can  hardly 
doubt  the  generally  accepted  and  more  popular  view,  that  the  children  tend  to  tlui 
mean  of  their  parents ;  a  view  supported  by  Gal  ton's  admirable  researches.  If  this  be 
true  sexual  conjugation  tends  to  diminish  variations,  and  the  author  suggests  that  this 
is  indeed  the  role  of  sex  in  evolution.  Our  attention  has  been  so  much  engrossed 
with  the  changes  of  the  environment,  and  with  the  consequent  production  and 
establishment  of  new  varieties,  that  we  have  perhaps  considered  too  little  the  fact 
that  often  for  long  periods  of  time  the  environment  may  remain  stationary,  and 
that  under  these  conditions  existing  types  must  remain  stable.    The  persistently 
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• 
{noterred  types  in  our  inland  ponds  and  lakes,  ty^  such  as  the  housefljand  cock- 
xoach,  which  for  ages  have  remained  the  same,  illustrate  this  stability.  lAyiDg 
matter  must  theretbre  be  capable  both  of  the  power  to  vary  and  of  stability ;  the 
first  it  possesses,  the  second  it  gfaius  by  sexual  conjugation,  which  tends  to  prevent 
the  sli^t  deviations  of  a  form  which  has  become  adapted  to  its  environment  from 
producmff  still  further  deviation  by  blending  them  tc^ther  so  that  some,  at  any 
rate,  of  tneir  progeny  may  preserve  the  useful  ancestr^  qualities.  To  sex  we  owe 
our  fairly  defined  s^ies  and  genera;  without  sex  we  cannot  doubt  that  life  would 
exist  in  the  form  ot  innumerable  varieties  that  we  should  fail  to  group  together. 


5.  On  the  Relation  of  Mimetic  Charcicters  to  the  Original  Form. 
By  R  A.  DiXEY,  Jf.il.,  M.D.,  Fellow  of  Wadham  College,  Oxford. 

An  objection  that  has  been  often  brought  against  the  theory  of  mimicry,  as 
enunciated  by  Bates  and  accepted  by  Darwin,  is  the  difEculty  of  imagining  the 
first  sta^  in  the  production  of  a  mimetic  pattern.  Fritz  MiQler  '  endeavoured  to 
meet  this  objection  by  alleging  that  mimicry  chiefly  originated  between  forms  that 
alread}[  bore  considerable  resemblance  to  each  other.  The  main  instance  (that  of 
Leptalig  melid)  on  which  he  relied  in  order  to  prove  his  point  was  not  well  chosen, 
for  there  is  reason  to  think  that  he  was  in  error  both  in  considering  that  it 
represented  the  ancestral  form  of  LeptalU  and  in  supposing  that  it  was  not 
protected  by  mimicry.  Nevertheless,  his  contention  is  sound  in  so  far  as  it 
emphasises  the  fact  that  the  process  of  mimetic  assimilation  depends  rather  on  the 
development  of  old  than  on  the  starting  of  new  features. 

An  illustration  of  this  principle  is  afforded  bv  a  comparison  of  the  non- 
mimetic  butterflies  Pieris  locusta  and  P.  thaloe  with  the  mimetic  species  of  the 
closelv  allied  genus  Myhthria,  and  with  Heliconius  numata,  which  serves  as  the 
model  for  the  latter ;  all  these  forms  inhabiting  the  same  part  of  the  neotropical 
region.  An  almost  perfect  transition  can  be  traced  on  the  undersides  from  the 
non-mimetic  species  of  Pieris^  through  M,  lypera  <J ,  M,  lorena  <J ,  AT.  pyrrha  g  , 
M,  lorena  ^,  to  M.  pyrrha  $ ,  this  last  butterfly  being  a  very  close  copy  of 
HeUconim  numata.  The  whole  series  shows  (1)  that  a  practically  perfect 
mimetic  pattern  can  be  evolved  by  gradual  and  easy  stages  without  any  violence 
or  abruptness  of  change ;  ^2)  that  it  is  not  necessary  that  the  forms  between 
which  mimicry  originates  snould  possess  considerable  initial  resemblance ;  (3^  that 
so  small  a  beginning  as  the  basal  red  patches  on  the  underside  of  the  hind-wing  of 
many  Pierines  gives  sufficient  material  for  the  assimilative  process  to  work  on. 

The  feebler  development  of  the  mimetic  pattern  in  the  males  of  this  group  calls 
for  some  explanation.  No  doubt  the  females  rec^uire  more  protection,  but  does 
there  exist  any  active  check  on  the  fuller  assumption  of  mimetic  patterns  by  the 
males  F  The  retention  of  the  original  white  by  the  latter  sex  has  been  in  nmilar 
instances  attributed  to  female  choice ;  Mr.  Wallace,  on  the  other  hand,  thinks  it 
due  to  the  difi'erence  of  habits  in  the  two  sexes,  the  females  alone  flying  in 
company  with  the  mimicked  HeliconiL  But  this  leaves  unexplained  the  presence 
of  a  partial  mimetic  pattern  in  the  male.  The  probability  is  that,  althougn  on  the 
wing  it  may  be  advantageous  rather  than  otherwise  to  the  male,  as  Mr.  Wallace 
thinks,  to  be  taken  for  an  ordinary  white  butterfly,  yet  when  the  insect  is  at  rest  and 
aettled  with  the  wings  erect,  any  Helicon ine  resemblance  would  be  to  some  extent 
protective;  and  the  whole  aspect  of  these  males,  the  underside  alone  of  which  shows 
any  mimetic  features,  is  the  resultant  of  these  two  divergent  tendencies.  The  mimetic 
features  of  the  male  cannot  be  regarded  as  a  mere  incidental  result  of  the  more  com- 
plete transformation  of  the  female,  because  in  many  species  of  other  groups  the  feokale 
18  completely  mimetic  while  the  male  shows  no  approach  whatever  to  a  mimetic 
change ;  moreover,  there  is  a  species  of  Hesperocharie  (J£,  Mrianda)  in  which  not 
only  the  male  but  both  sexes  show  a  partial  mimetic  pattern  no  further  advancecl 
than  that  of  Af.  lorena  i  or  M.  pyrrha  ^,  It  is  diflScult  to  believe  that  in  this 
the  pattern  is  not  in  some  degree  protective. 

*  Jenaitoh,  Zgitsehr.f  vol.  x. 
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Red  basal  spots  like  those  of  the  mimicking  Pierines  are  in  some  cases  found 
in  the  mimicked  Hdioomi:  this  is  especially  the  case  in  those  that  form  models 
for  the  Pierme  genera  EuUrpeKadi  Pereute.  These  spots  are  too  widespread  in 
the  Fierine  suln&mil^  to  have'  arisen  from  imitation  of  the  HeUcomi;  their 
nresence  in  the  ktter  is  probably  due  to  '  reciprocal  mimicry '  between  distasteful 
lorms,  as  suggested  by  the  author  in  '  Trans.  £nt.  Soc.  Lond./  18D4.  p.  298. 

A  curious  case  of  a  mimetic  group  is  afforded  by  the  Pierines  Euterpe  critiae 
and  E,  bellona,  together  with  their  respective  models  Papiiio  sarynthue  and  the 
Meliocmi  of  the  Mdxiope  group.  The  Papilio  and  the  Heliconii  have  no  dose 
resemblance  to  each  other,  but  appear  to  be  held  together^  as  it  were,  by  the 
intermediate  Pierines.  If  the  Helicomi  are  considered  as  the  models  for  the  whole 
group,  the  question  arises  why  E.  critifts  should  copy  a  mimic,  and  not  a  very  good 
one,  instead  of  the  original  distasteful  model.  It  is  more  probable  that  here  also  we 
have  an  instance  of  an  '  inedible  association ; '  this  conclusion  being  strengthened  by 
the  fact  that  a  certain  amount  of '  give  and  take,'  or  ^reciprocal  mimicry,'  seems  to 
have  occurred  between  the  Pierines  and  the  Papilio,  ^ 

The  paper  was  illustrated  by  coloured  drawings  of  the  species  referred  to. 


On  Certain  Principles  of  Progressively  Adaptive  Variation  Observed 
in  Fossil  Series.    By  Professor  H.  F.  Osboen. 


7.  On  the  Wing  of  Archceopteryx  Viewed  in  the  Light  of  thai  of  Some 
Modern  Birds.     By  W.  P.  Pycraft. 

In  this  paper  the  author  contended  that  certain  of  the  Galliformes,  such  as  the 
common  fowl  and  turkey  for  instance,  aVe  descended  from  an  ancestral  form  of 
a  strictly  arboreal  habit,  in  which  the  pollex  and  index  digits  were  armed  with 
claws  to  assist  in  climbing  as  well  as  to  save  itself  from  falling.  These  claws 
remained  functional  until  a  sufficient  number  of  the  primarv  (and  secondary) 
xemiges  had  developed  to  convert  the  wing  into  an  organ  of  flight.  Until  this  was 
efl'ected,  the  development  of  these  remig^  nearest  the  wing  (Nos.  8,  9,  10)  was 
arrested,  so  that  the  tip  of  the  index  digit  might  be  left  free  for  grasping.  The 
arrested  development  of  the  remiges  referredr^o  is  the  only  clue  we  have  left  at 
the  present  day,  the  claw  of  the  second  digit  having  been  lost,  whilst  that  and  the 
pollex  are  very  smalL  These  deductions  were  drawn  from  a  precisely  similar 
arrangement  shown  b^  the  author  to  exist  in  Opisthocomus  cnstattis,  a  bird  which 
shows  many  other  unmistakably  primitive  characters. 

It  was  also  pointed  out  that  there  is  reason  for  believing  that  the  claws  of 
Archesopteryx  were  of  prime  importance  only  during  a  similar  period  of  life — the 
nestling  period.  A  restoration  in  the  shape  of  a  model  of  the  wing  of  Archaeopteryx 
was  exhibited,  in  which  it  was  shown  that  the  remiges  rested  upon  the  third  digit, 
so  as  to  leave  the  tip  of  the  second  free  in  a  manner  more  or  le£8  resembling  the 
nestling  condition  of  Opisthocomus.  It  was,  however,  pointed  out  by  the  author 
that  this  digit  might  have  supported  the  semiplume-like  feathers  seen  in  the  fosal, 
overlying  the  quill  feathers.  These  may  have  possibly  extended  to  the  tip  of  the 
aecond  digit,  and  represented  what  we  know  as  '  major '  coverts. 


8.  On  the  Kephridial  Duct  of  Owenia. 
By  Professor  G.  Gilson,  ofLowvain. 

Otoenia  is  a  tubk»)lous  annelid  discovered  by  Delle  Chiaje  in  the  Gulf  of 
Naples,  and  especially  studied  b^  Clapar^de.  The  latest  vniter  on  its  anatomy, 
Dr.  von  Brasche,  confesses  his  ignorance  as  to  the  |>resence  or  absence  of  the 
nephridia,  as  weU  as  to  tiie  way  through  which  the  genital  products  are  led  out  of 
the  CQslom. 
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Although  mj  own  remarches  are  &r  from  terminated^  I  am  able  to  gire  aome 
information  on  the  subject. 

In  fHct,  the  nephridial  system  is  not  altogether  absent,  but  is  in  a  state  of 
extreme  reduction  and  seems  to  have  lost  all  secretory  function.  It  consists 
usually  of  one  pair,  sometimes  two  pairs,  of  very  small  funnels,  lying  in  the 
posterior  part  of  the  sixth  segment,  against  the  muscular  layer,  in  an  extremely 
dorsal  position. 

Each  of  these  funnels  ends  in  a  very  thin  tube,  which  passes  through  the 
muscuhir  coat;  but,  instead  of  opening  directly  and  freely  on  the  epidermic 
«urrace,  thef>e  tube^  fall  into  a  longitudinal  duct  which  runs  forward  and  opens, 
through  a  tiny  pore,  at  the  other  end  of  the  sixth  segment 

1'his  duct  is  a  menjly  epithelial  structure ;  it  lies  outside  of  the  thick  basal 
membrane,  within  the  epiaerm  itself.  Being  thus  superficially  situated,  it  is 
i-xtfriorly  viiaible,  and  appears  as  a  very  sinuous  line,  extending  the  whole  length 
of  the  sixth  se$rment  Dr.  von  Drasche,  in  his  valuable  monograph,  very  accu- 
rately represented  this  line,  though  he  did  not  make  out  its  significance. 

I  have  seen  this  epithelial  duct  opening  at  certain  places,  thus  taking  the  shape 
of  a  groove  instead  of  that  of  a  tube.  These  occasional  imperfections  of  its 
structure,  together  with  the  peculiar  dispoRition  of  its  constituent  cells,  show  that 
this  canal  originates  as  a  loDgitudinal  folding  of  the  epithelium.  They  lead  u» 
also  to  consider  it  as  an  oipm  still  in  full  course  of  phylogenetic  evolution.  Its 
utility,  as  well  as  the  original  cause  of  its  formation,  is  obvious.  I  have  shown 
elsewhere  that  the  sandy  tube  in  which  the  Owenia  lives  is  rather  tight  round  the 
fore  end  of  the  body.  The  genital  products  could  scarcely  reach  the  exterior  were 
they  directly  ejected  into  the  space  between  the  worm  and  its  protective  sheath. 
The  animal  is  obliged  to  protrude  its  body  out  of  its  dwelling,  out,  thanks  to  the 
epidermic  canal,  it  is  spared  the  trouble  and  danger  of  laying  bare  more  than  its 
live  anterior  segments,  though  the  funnels  lie  in  the  posterior  part  of  the  sixth. 

A  question  now  presents  itself:  What  is  the  morphological  fflgnificanoe  of 
this  epidermic  duct  P 

It  is  not  my  intention,  in  the  present  state  of  my  researches,  to  enter  into  a 
full  discussion  of  the  subject.  I  shall  content  myself  with  calling  attention  to  tho 
bearing  which  the  discovery  of  the  epidermic  canal  of  Otaema  may  have  on  the 
discussion  of  the  homologies  of  the  excretory  system  in  generaL 

We  know  other  instances  of  a  longitudinal  duct  in  connection  with  the 
nephridia.  The  most  classksal  one  is  Uiat  of  Lanice  conchileffa,  described  by 
Mr.  Cunningham  and  Dr.  E.  Me^er. 

The  longitudinal  duct  of  this  species  is  generally  regarded  as  an  unsegmented 
part  of  the  longitudinal  row  of  cells  which  gives  origin  to  the  excretory  system — an 
opinion  which  I  have  no  reason  to  oppose. 

But  certain  morphologists  go  further  than  that,  and  compare  the  longitudinal 
duct  of  LanicCf  Folymmia,  Polygorditis,  and  others  to  the  segmental  canal  or  primi- 
tive ureter  of  vertebrates.  Professor  Wilson,  in  his  remarkable  paper  on  the  geim- 
bands  of  LumbrtcuSf  goes  even  so  far  as  to  consider  this  homology  as  evident. 

On  this  noint  I  venture  to  recall  attention  to  Professor  Haddon's  hypothesia 
as  to  the  pbylogenetic  origin  and  epiblastic  nature  of  the  segmental  duct  of 
vertebrates. 

The  existence  of  such  an  evidently  adaptive  structure  as  the  epidermic  duct  of 
Owenia  seems  to  give  a  remarkable  confirmation  to  his  suggestion  as  to  how  a 
continuous  groove  into  which  the  nephridia  opened  may  have  been  converted  into 
a  canal. 

It  is  not  evident  at  all  that  the  segmental  duct  really  is,  in  its  whole  lengthy 
an  unsegmented  part  of  a  cell-row  homologous  to  that  of  CUpsine  or  Lumbricus. 
It  may  have  appeared  at  a  much  later  period  of  the  pbylogenetic  evolution,  and 
have  been,  at  a  given  moment,  a  new  structure  corresponding  to  new  wants,  just 
as  the  epidermic  duct  of  Owenia  corresponds  to  a  peculiar  disposition  of  the  pro- 
tective tube  of  the  worm.  The  coexistence  of  a  segmental  duct  analogous  to  the 
epithelial  duct  of  Owenia,  and  of  a  structure  homologous  to  the  longitudinal  canal 
of  Lanice,  is  even  posable. 
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I  do  not  affirm  that  the  epidermic  duct  of  Owenia  really  representa  the 
aegmental  duct  at  an  early  atage  of  its  phylogenetic  development.  I  rather 
tmnk  that  we  have  here  a  case  of  homoplasy,  not  of  homofreny.  But  I  helieve 
that  the  homology  of  the  primittTe  ureter  in  not  a  settled  question)  as  the 
American  professor  would  hare  it,  hut  that  it  remains  a  question  open  to  further 
investigation. 


Dbpabthent  of  Botany. 
The  following  lepers  were  read : — 

I.  On  the  Origin  6f  the  Sexual  Or  gems  of  the  Pteridophytes. 
By  Professor  Douglas  H.  Campbell. 

WbUe  the  close  affinity  of  the  Bryophyte$  and  Pteridophytee  has  been  long 
recognised  in  the  origin  and  early  divisions  of  the  sexual  organs,  there  exist 
differences  that  have  been  looked  upon  as  radicaL  This  is  especially  noticeable  in 
the  archegonium. 

A  comparison  of  the  structure  and  development  of  the  sexual  organs  of  the 
higher  hepatics  (Anthocerotife)  with  those  of  tbe  Eusporangiate  Pteridophytesy 
t.0.y  Opbioglosseffi,  Marattiacess,  EquisetLnecB,  and  Lyco|)odine8ey  shows  remarkable 
points  of  resemblance,  enough  to  warrant  the  hypothesis  that  here  is  to  be  sought 
the  connection  between  the  Bryophytes  and  Pteridophytes. 


2.  Ncies  upon  the  Germination  of  the  Spores  of  the  Ophioglosseas. 
By  Professor  Douglas  H.  Campbell. 

The  gametophytic  stage  of  these  plants  is  very  imperfectly  known,  and  hitherto 
only  the  very  advanced  conditions  in  two  species. 

The  author  succeeded  in  germinating  two  other  species — Ophtoglouum  {Ophio^ 
derma)  pendulum  and  Botrychiuni  virginicum.  In  Doth  the  first  diyision  of  the 
spore  occurs  before  any  chlorophyll  is  formed. 

The  author  also  found  old  prothallia  of  B.  virgmicum  with  young  plants 
attached,  but  too  far  advanced  to  study  the  development  of  the  reproductive 
organs  and  embryo. 

3.  On  Sterilisation  and  a  Theory  of  the  StrobUuu. 
By  Professor  P.  O.  Boweb,  F.B.S. 

In  submitting  a  theory  of  the  strohilus  to  Section  D  it  is  assumed  that 
Hofmeister's  general  conclusions  will  be  accepted,  that  antithetic  alternation 
was  constant  throughout  the  evolution  of  archegoniate  plants,  and  that  the 
sporophyte  has  been  the  result  of  elaboration  of  the  zygote.  The  main  points  of 
tne  theory  may  be  briefly  stated  as  follows : — 

1.  Spore-production  was  the  first  office  of  the  sporophyte :  its  spore-bearing 
parts  are  to  be  regarded  as  primary,  its  yegetative  parts  as  secondaty  in  point  of 
evolutionary  history. 

2.  Other  things  being  equal,  increase  in  number  of  carpospores  is  an  ad- 
vantage. A  climax  of  numerical  spore-production  was  attained  in  homosporous 
vascular  cryptogams. 

3.  Sterilisation  of  potential  sporogenous  tissue  has  been  and  is  a  widespread 
phenomenon,  appearing  as  a  natural  consequence  of  increased  spore-production. 

4.  Parts  of  the  sterile  tissue  appeared  as  septa,  partitioning  off  the  remaining 
sporogenous  tissue  into  separate  loculi. 

5.  Septation  to  form  svnangia  and  suhsequent  separation  of  the  sporangia  SM 
phanomena  illustrated  in  the  upward  development  of  vascular  plants. 
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6.  Such  neptation  may  liave  taken  place  repeatedly  in  the  same  line  of  defloent. 

7.  The  sporogonial  head  as  a  inrhole  is  the  correlative  of  the  strobilua  or 
flower,  and  tne  apex  of  the  one  corresponds  to  the  apex  of  the  other. 

8.  The  progression  from  the  one  to  the  other  depended  upon  (a)  septation  by 
formation  of  sterile  partitions,  (b)  eruption  of  the  surface  to  form  appendicoli^ 
organs  upon  which  the  sporangia  are  supported  (sporangiophores,  sporophjils). 

9.  The  sporophjils,  originally  small  and  of  simple  form,  were  m  the  course  of 
descent  susceptible  of  great  increase  in  size  and  complexity  of  form. 

10.  In  certain  cases  foliage  leaves  were  derived  from  sterilisation  of  sporo- 
phylls.  J 

4.  On  a  Method  of  Taking  Casta  of  the  Interiors  of  Flowers, 
By  Miss  N.  F.  Latabd. 


5.  On  the  Function  of  the  Nudeua,    By  Professor  E.  Zacharias. 


6.  Exhibition  of  Diagrama.    By  Professor  L^o  Ebbeba« 


TUESDAY,  AUGUST  14. 
Depabtment  op  Zoology. 
The  following  Papers  were  read : — 

1.  On  the  Blood  o/Magelona.     By  W.  B.  Behham,  D.Sc. 

The  blood  of  this  annelid  differs  entirely  from  that  of  any  other  chietopod 
hitherto  examined.  Instead  of  a  red  (hemoglobinous)  liauid  plasma,  in  which 
float  a  few  nucleated  (colourless])  corpuscles,  or  free  nuclei,  the  blood-vessels  of 
Magelona  are  completely  filled  wiih  very  small  spherical  globules  of  a  madder-pink 
colour,  floating  in  an  extremely  small  amount  of  colourless  plasma.  These  globules 
are  not  cells ;  there  are  free  nuclei  scattered  amongst  them,  but  the  coloured 
globules  are  not  nucleated.  The  colour  of  the  globules  is  due  to  a  pigment  similar 
to  haemerythrin ;  the  globules  themselves,  when  shed,  exhibit  a  maraed  tendency 
to  run  together  like  oil-drops  and  fuse  with  one  another.  This  peculiar  and 
rather  viscous  mass  seems  to  oe  intermediate,  in  some  respects,  between  the  abso- 
lutely liquid,  coloured  plasma  of  chsetopods  generally  and  the  red  corpuscles  of 
mammals,  which  float  in  a  comparatively  small  amount  of  colourless  plasma; 
further,  the  globules  in  Magelona  probably  originate,  as  those  of  mammals  do, 
within  cells,  from  which  they  are  released. 


2,  Suggestione  for  a  New  Classification  of  the  Polychsdta. 
By  W.  B.  Benham,  D.Sc. 

The  Polyckata  may  be  divided  into  two  grades — (a)  the  Eucephalaf  in  which 
the  prostomium  retains  its  original  condition  as  a  lobe  overhanging  the  mouth, 
and  the  peristomium  shows  no  tendency  to  overgrow  it.  Hie  bodv  segments  are 
all  alike.  The  second  grade  {b)  may  bie  called  Cryptoeephala,  as  the  peristomium 
grows  forward  and  fuses  with,  or  even  entirely  conceals,  the  prostomium,  which  is 
greatly  reduced.  The  body  segments  are  differentiated  into  two  gfroups,  indicated 
externally  by  the  sudden  alteration  of  the  cheetee,  and  internally  by  certain 
differences. 

The  Eucephala  includes  four  sub-orders : — 

^  Sub-order  1.  The  Nereidiformia{  =  Errantia^  auct.)  together  with  Arieiid€B, — In 
this  group,  with  a  few  exceptions,  th^  prostomium  carries  tentacles  and  palps,  and 


Digitized  by  VjOOQIC 


TRANSACTIONS  07  SECTION  D.  697 

the  peristomium  usually  carries  special  cirri.  The  parapodia  are  weU-deyeloped 
lobes,  supported  by  stroug  acicula.  The  chsstfB  are  jointed  (gomphotrichs)  or  un- 
jointed  (bolotrichg) ;  no  uncini  occur.  A  pharynx  eziBts,  which  frequently  is  armed 
with  jaws.    There  are  other  characters  drawn  from  internal  organs. 

Sub-order  2.  Scoleci/ormia  includes  the  four  fumilies — Opheliida,  Arenicolida, 
ScalibregmidcBf  and  Maldanida, 

The  prostomium  does  not  carry  tentacles  or  palps,  the  peristomium  is  without 
special  cirri.  The  parapodia  are  but  feebly  deyeioped  knoM  or  ridges,  and  are  not 
supported  by  acicula.  The  cheetie  are  holotrichs.  Sensory  processes  feebly  deve- 
loped or  absent.  Internally  the  most  marked  feature  is  the  diminution  in 
number  of  the  nephridia  connected  with  the  incomplete  character  of  the  septa. 
There  are  no  jaws,  though  the  anterior  end  of  the  gut  may  be  eyersible. 

Sub-order  8.  Terebelliformia  (Families. — Cirratttlida,  ChlorhetmuUB,  Sterna- 
spididf  TertMlida,  &c.). — ^The  prostomium  carries  tentacular  appendages  (the 
branchial  processes  of  Chlorhamtdai),  The  acbcetous  peristomium  may  carry  fila- 
mentous processes.  Parapodia,  mere  ridges  or  knoDs;  no  acicula;  chastee  are 
holotrichs  and  uncini.  Dorsal  cirri  may  be  present  on  a  few  of  the  anterior 
segments,  and  they  function  as  |plls.  Buccal  region  not  eyersible.  Internally 
the  nephridia  present  a  dimorphism,  accompanied  in  many  cases  by  reduction  in 
number. 

Sub-order  4.  Cajntelli/onnia  includes  the  family  Capitellida, 

The  second  grade,  Cryptocephalaj  is  divided  into  two  sub-orders : — 

Sub-order  1.  Spioniformia  (Families — Spionidte,  Magdomda^  Chatopterida, 
Ammocharida)  retains  the  prostomium  as  a  small  lobe,  without  definite  tentacles 
or  palps,  but  the  peristomium  is  relatively  laige,  and  extends  forwards  on  either  side 
of  the  prostomium ;  this  segment  usually  carries  very  long  flexible  tentacles.  The 
parapodia  are  only  feebly  developed  and  incomplete;  no  acicula  ;  the  ch»tffi  holo- 
trichs ;  uncini  may  occur.  Dorsal  cirri,  if  present,  become  branchial  organs.  Buccal 
region  eversifole,  but  without  jaws.    Nepnridia  but  imperfectly  known. 

Sub-order  2.  SabeUifomUa  {Sabellid€B,  JErtoffre^hida,  SerpitUdrB  Hermdlidat), 
The  prostomium  is  in  most  cases  entirely  concealed  by  the  great  development  of 
the  peristomium,  and  may  be  reduced  to  mere  sensory  knobs.  But  the  palps  are 
very  greatly  developed  and  function  as  gills.  Parapodia  onljr  slightly  projecting, 
or  mere  ridges;  chtetie  holotrichs  and  uncini.  Dorsal  cirri,  if  present,  are 
branchial,  or  modified  to  form  a  thoracic  membrane.  Nephridia  dimorphic — the 
anterior  pair  large,  opening  by  a  median  dorsal  pore  on  the  first  segment.  The 
remainder  act  as  genital  ducts. 

3.  On  Museum  Preparations.    By  E.  S.  Goodrich. 


4.  On  Random  Publishing  and  Rules  of  Priority, 
By  Thomas  R.  R.  Stebbino,  M.A. 

Modem  zoology  is  a  study  of  continually  extending  scope.  The  literature  is 
vast,  costly,  and  polyglot.  The  channels  of  publication  are  so  innumerable  that 
naturalists  can  scarcely  tell  which  way  to  turn.  In  books,  in  mngazines,  in 
reports  of  learned  societies,  the  information  required  by  one  set  of  students  is 
often  so  combined  with  that  required  by  several  other  sets  that  the  expense  of 
obtaining  it  becomes  prohibitory.  The  proposal  is  hazarded  that  the  leading 
societies  should  set  an  example  by  arranging  among  themselves  for  a  division  of 
labour,  in  the  hope  that  by  degrees  scientific  workers  might  be  induced  to  issue 
their  new  discoveries  from  a  few  well-recognised  centres,  instead  of  insisting  on 
the  present  liberty  of  ubiquitous  publication.  A  Committee  of  the  British  Associa- 
tion, it  is  sugyrested,  mi^ht  usefully  undertake  a  preliminary  consideration  of  what 
is  possible  or  expedient  in  this  respect ;  and,  while  ventilating  the  larger  subject, 
might  also  propose  a  settlement  or  some  debated  questions  of  zoological  nomencla- 
ture. A  special  proposal  put  forward  is,  that  for  every  country  there  shall  be  ft 
single  authorised  journal  to  receive  the  names  of  new  genera  and  species,  with 
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brief  descriptions  appended ;  all  claims  to  priority  being  dependent  on  the  date  of 
this  record. 

5.  On  tlie  EelaHans  of  the  Cranial  Nervei  to  the  Sensory  Canal  System 
of  Fishes.    By  W.  E.  Collinqb. 


6.  On  some  Models  of  the  Crania  o/Siluraids.    By  H.  B.  Pollard. 

7.  On  the  Epidermis  of  the  Planiar  Surface  and  the  Question  of  Use- 
Inheritance.    By  R  A.  DiXEY,  Jf.i>.,  Fellow  of  Wadham  College,  Os^ord. 

It  is  well  known  that  in  tbe  human  adult  the  skin  of  the  sole  of  the  foot  is 
thickened  as  compared  with  that  of  the  dorsum,  and  it  is  also  known  that  this 
local  thickening  On  the  plantar  surface  is  present  before  birth.  It  is  therefore  not 
the  direct  result  of  the  use  of  thu^sole  in  walking,  though  it  might  possibly  be  held 
to  be  due  to  use-inheritance.  But  in  addition  to  the  general  plantar  thickening, 
there  is  also  known  to  exist  a  special  thickening,  in  the  adult,  of  the  skin  covering 
the  heel  and  toe-ball,  which  is  no  doubt  correlated  with  the  heel-and-toe  gut 
specially  characteristic  of  man.  It  was  suggested  by  the  late  Professor  Romanes 
that  it  would  be  of  importance  to  ascertain  the  time  of  appearance  of  this  special 
as  distinct  from  the  general  plantar  thickening,  inasmuch  as  its  anpearance  before 
birth,  should  that  be  proved  to  occur,  would  seem  to  be  more  easily  accounted  for 
on  the  principle  of  use-inheritance  than  on  that  of  nure  natural  selection.  The 
general  plantar  thickening  in  the  embryo  might  be  held  to  be  simply  representative 
of  the  condition  in  a  prehuman  ancestor ;  not  so,  however,  the  special  thickening  of 
the  heel  and  toe-ball.  Six  embryos,  whose  ages  varied  from  about  the  third  to  the 
ninth  month,  were  examined  in  concert  with  Professor  Bomanes.  As  the  inner 
limit  of  the  corium  is  in  most  cases  not  exactly  determinable,  the  epidermis  alone 
was  measured,  and  the  results  were  as  follows :-— (1)  The  general  plantar  thickening 
had  begun  in  tbe  earliest  embryo  examined.  (2)  The  snecial  thickening  of  the 
toe-ball  had  also  begun  at  the  same  age.  (3)  The  special  thickening  of  the  heel 
was  not  discoverable  in  any  one  of  the  specimens,  which  ranged  up  to  the  time 
just  preceding  birth.  These  results  were  unexpected,  for  it  had  been  antici^ted 
that  both  the  special  thickenings  would  have  been  found  in  the  embryo  to  be  either 
absent  or  present  together,  and  at  first  sij^ht  it  seemed  as  if  no  light  were  thrown 
by  the  observed  facts  on  the  question  at  issue.  On  further  consideration,  however, 
and  after  spjecial  studj^  of  the  gait  of  the  lower  primates,  it  appeared  to  the  author 
that  the  thickened  epidermis  of  the  toe-ball  in  the  embryo  simply  represented  an 
ancestral  condition  when  the  gait  resembled  that  of  most  monkeys,  who  walk,  as  a 
rule,  with  the  heel  raised  from  the  ground,  only  using  the  whole  length  of  the  sole 
wh^  resting  or  sauatting.  The  phenomenon  would,  therefore,  seem  to  admit  of  a 
far  more  easy  explanation  under  the  theory  of  natural  selection  pure  and  simple 
than  under  that  of  use-inheritance. 

Department  op  Botany. 
I.  On  Fachytheca.    By  G.  Murray. 

2.  On  the  Structure  of  Fossil  Plants  in  its  hearing  on  Modem  Botanical 
Questions.    By  Dr.  D.  H.  Scott,  F.B.S. 

3.  A  Thames  Bacillus.    By  Professor  Marshall  Ward,  F.E.S. 


4.  On  the  Infiuence  of  Light  on  Diastase.    By  Professor  J.  R.  Greek. 
5.  A  Contribution  to  the  Geological  History  ofCycads.  By  A.  C.  Seward. 

Digitized  by  VjOOQIC 


TBAKSACTXONS  OF  SECTION  £•  699 


Section  E.— GEOGRAPHY. 

PEESiDiarT  OF  THE  SECTION — Captain  W.  J.  L.  Whibton,  R.N.,  F.RS. 


THURSDAY,  AUGUST  9. 

The  President  delivered  the  following  Address : — 

You  will  not  be  surprised  if,  having  called  upon  an  bydrographer  to  preside  over 
this  Section,  he  takes  for  the  subject  of  bis  review  the  Sea.  Less  apparently 
interesting,  by  reason  of  the  uniformity  of  its  surface,  than  the  land  which  raises 
itself  above  the  level  of  the  waters,  and  with  which  the  term  geography  is  more 
generally  associated,  the  ocean  has,  nevertheless,  received  much  attention  of  late 
years.  In  Great  Britain,  especially,  which  has  so  long  rested  its  position  amonr 
the  nations  upon  the  wealth  which  our  merchant  fleets  bring  to  its  shores,  and 
upon  the  facilities  which  the  sea  affords  for  communication  with  our  numerous 
possessions  all  over  the  globe,  investigation  into  the  mysteries,  whether  of  its  ever- 
moving  surface  or  of  its  more  hidden  depths,  has  been  particularly  fascinating.  I 
purpose,  therefore,  to  attempt  a  brief  survey  of  our  present  knowledge  of  it» 
physical  condition. 

The  very  bulk  of  the  ocean,  as  compared  with  that  of  the  visible  land,  gives  it 
an  importance  which  is  possessed  by  no  other  feature  on  the  surface  of  our  planet. 
Mr.  John  Murray,  after  a  laborious  computation,  has  shown  that  its  cubical  extent 
is  probably  about  fourteen  times  that  of  the  dry  land.  This  statement  appeala 
strongly  to  the  imagination,  and  forms,  perhaps,  the  most  powerful  argument  in 
favour  of  the  view,  steadily  gaining  ground,  that  the  great  oceans  have  in  the 
main  existed  in  the  form  in  which  we  now  see  them  since  the  constituents  of  the 
earth  settled  down  into  their  present  condition. 

When  it  is  considered  that  the  whole  of  the  dry  land  would  only  fill  up  one- 
third  of  the  Atlantic  Ocean,  the  enormous  disproportion  of  the  two  great  divisiona 
of  land  and  sea  becomes  very  apparent. 

The  most  obvious  phenomenon  of  the  ocean  is  the  constant  horizontal  move- 
ment of  its  surface  waters,  which  in  many  parts  take  well-defined  directions. 
These  great  ocean  currents  have  now  been  studied  for  many  years,  and  our  know- 
ledge of  them  is  approaching  a  point  beyond  which  it  is  doubtful  whether  we  shall 
ever  much  advance,  except  in  small  details.  For  though,  while  indisputably  the 
waters  continually  move  in  each  great  area  in  generally  the  same  direction,  the 
velocities  vary,  the  limits  of  the  different  streams  and  drifts  vary,  mainly  from  the 
ever-varying  force  and  direction  of  the  winds. 

After  long  hesitation  and  much  argument,  I  think  it  may  be  now  safely  held 
that  the  prime  motor  of  the  surface  currents  is  the  wind.  Not,  by  any  means,  the 
wind  that  may  blow,  and  even  persistently  blow,  over  the  portion  of  water  thAt  is 
moving,  more  or  less  rapidly,  m  any  direction,  but  the  great  winds  which  blow 
generally  from  the  same  general  quarter  over  vast  areas.  These,  combined  with 
deflection  from  the  land,  settle  the  main  surface  circulation. 

I  do  not  know  if  any  of  my  heaters  may  have  seen  a  very  xemajkable  model, 
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deTised  by  Mr.  Clajden,  in  which  water  disposed  over  an  area  shaped  like  the 
Atlantic,  and  sprinkled  over  with  lycopodium  dust  to  make  moyement  apparent, 
was  subjected  to  air  impelled  from  various  nozzles,  representing  the  mean  direc- 
tions of  the  permanent  winds.  It  dispelled  the  last  doubt  I  held  on  the  subject,  as 
not  only  were  the  main  currents  reproduced,  but  the  smaller  effects  and  pecu- 
liarities of  the  Atlantic  drifts  were  produced  with  surprising  accuracy. 

There  is  a  small  current,  long  shown  on  our  charts,  but  which  I  had  always 
regarded  with  suspicion.  I  refer  to  the  stream  which,  after  travelling  from  the 
Arctic  Ocean  southward  along  the  east  coast  of  Greenland,  turns  sharply  round 
Cape  Farewell  to  the  northward  into  Davis  Straits,  where  it  again  doubles  sharply 
on  Itself  to  the  southward.  This  is  exhibited,  in  the  model,  in  all  its  details,  acd 
is  evidently  caused  by  the  pressure  of  the  water  forced  by  the  mimic  Gulf  Stream 
into  the  Arctic  region,  where  it  has  no  escape  except  by  this  route,  and  is  pressed 
against  the  land,  round  which  it  turns  as  soon  as  it  can.  This  is,  no  doubt,  the 
explanation  of  the  real  current. 

The  very  remarkable  winter  equatorial  current,  which  runs  in  a  narrow  belt 
eastwards,  just  north  of  the  main  stream  travelling  west,  was  also  reproduced  with 
extraordinary  fidelity. 

The  winds,  however,  that  are  ordinarily  considered  permanent  vary  greadj, 
while  in  the  monsoon  areas  the  reversal  of  the  currents  caused  by  the  opposite  winds 
exercise  a  great  influence  on  the  movements  of  the  water  far  beyond  their  own  limits, 
-and  anything  like  a  prediction  of  the  precife  direction  and  rate  of  an  oceanic  stream 
can  never  be  expected. 

The  main  fiicts,  however,  of  the  great  currents  can  be  most  certainly  and  simply 
-explained  in  this  manner. 

The  trade  winds  are  the  prime  motors.  They  cause  a  surface  drift  of  no  great 
velocity  over  large  areas  in  the  same  general  direction  as  that  in  which  they  blow. 
These  drifts  after  meeting  and  combining  their  forces  eventually  impinge  on  the 
dand. 

They  are  diverted  and  concentrated  and  increase  in  speed.  They  either  pour 
through  passages  between  islands,  as  into  the  Caribbean  Sea,  are  pressed  up  by 
the  land,  and  escape  by  the  only  outlets  possible — as,  for  example,  the  Strait  of 
Florida,  and  form  a  great  ocean  current  like  the  Gulf  Stream — or,  as  in  the  case  of 
the  Agulhas  current  and  the  powerful  stream  which  runs  north  along  the  Zanzibar 
coast,  they  are  simply  pressed  up  against  and  diverted  by  the  land,  and  run  along  it 
with  increased  rapidity. 

These  rapid  currents  are  eventually  apparently  lost  in  the  oceans,  but  they  in 
their  turn  originate  movements  of  a  slower  character,  which  on  again  pa.Hsing  over 
•ah allow  water  or  on  meeting  land  develop  once  more  into  well-defined  currents. 

We  find  an  analogous  state  of  things  on  the  western  side  of  the  Pacitic,  where 
the  Japan  current  is  produced  in  a  similar  manner. 

The  fact  that  on  all  western  shores  of  the  great  oceans  towards  which  the  trade 
winds  blow  we  find  the  strongest  currents  running  along  the  coast,  is  almost  enough 
of  itself  to  prove  the  connection  between  them. 

The  westerly  winds  that  prevail  in  higher  northern  and  southern  latitudes  are 
next  in  order  in  producing  great  currents.  From  the  shape  of  the  land  they  in 
some  caoes  take  up  and  continoe  the  circulation  commenced  by  the  trade  winds ;  in 
others  they  themselves  originate  great  movements  of  the  water. 

Compared  to  the  great  circulation  from  this  source  the  effect  of  differences  of 
temperature  or  of  specific  gravity  is  insignificant,  though  no  doubt  they  play  their 
part,  especially  in  causing  slow  under-circulation,  and  in  a  greater  degree  the 
vertical  mixing  of  the  lower  waters. 

No  drop  of  the  ocean,  even  at  its  greatest  depth,  is  ever  for  one  moment  at  rest* 

Dealing  with  minor  points,  the  American  officers  of  the  Coast  and  Geodetic 
•Survey  have  found  after  long  and  patient  investigation  that  the  velocity  of  the  Gulf 
Stream  in  its  initial  and  most  marKed  part,  the  Strait  of  Florida,  is  gready  affected 
iby  the  tide,  varying  as  much  as  one-half  its  maximum  rate  during  the  twenty-four 
hours. 

These  Amerban  investigations  are  of  greatest  interest.  They  have  esrtended  oyer 
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the  whole  area  of  the  Caribbean  Sea  and  its  approaches,  the  Gulf  of  Mexico,  and  the 
Gulf  Stream  proper  and  its  yiciuity.  In  no  other  part  of  the  ocean  has  observation: 
of  this  detailed  character  been  carried  out,  ana  they  throw  a  great  light  ob 
oceanic  circulation.  The  '  Blake,'  t^e  vessel  specially  fitted  for  the  purpose,  has  dur- 
ing the  several  years  in  which  she  was  employed  on  this  work  anchored  in  over 
2,000  fathoms  water,  or  a  depth  of  considerably  more  than  two  miles ;  a  feat  which 
would  a  short  time  ago  have  oeen  deemed  impossible. 

One  great  point  that  has  come  out  very  strongly  is  the  continual  variation  iv 
the  strength  and  direction  of  the  currents,  and  the  varying  depths  to  which  tha 
surface  current  extend. 

Eastward  of  the  chain  of  the  Windward  Islands  the  general  depth  of  the  sur- 
face movement  may  be  said  to  be  about  100  fathoms,  below  which  tidal  influence^ 
b  venr  distinct. 

There  is  also  a  very  plain  backward  flow  of  water,  at  depths  which  vary,^ 
caused  bv  the  submarine  ridge  which  connects  the  Windward  Chain  of  the  West 
Indian  Islands.  These  observations  also  generally  support  what  I  have  already 
mentioned :  that  the  velocity  of  a  current  depends  on  the  strength  of  winds,  pos- 
sibly thousands  of  miles  distant,  which  have  given  tbe  original  impetus  to  tha 
water,  and  this,  combined  with  tidal  action  when  the  current  approaches  or  runs, 
along  a  coast,  will  always  cause  uncertainty  on  the  resultant  velocity. 

Dealing  for  yet  another  moment  with  the  Gulf  Stream,  there  are  two  points 
which  have  not  been  much  dwelt  upon,  but  which  have  a  great  effect  on  its  power 
of  bringing  the  modifying  influence  of  its  warm  water  as  far  as  our  shores. 

The  first  is  tbe  prevention  of  its  spreading,  as  It  leaves  the  Strait  of  Florida,, 
by  the  pressure  of  the  portion  of  the  equatorial  current  which,  unable  to  get 
tnrough  the  passages  between  the  Windward  Islands,  is  diverted  to  the  north  of 
the  Bahamas,  and  bears  down  on  the  eastward  side  of  the  Gulf  Stream  proper j^ 
compressing  }t  between  itself  and  the  cold  water  flowing  southward  along  the 
American  coast,  and  at  the  same  time  adding  to  its  forces  and  maintaining  its 
high  temperature. 

The  second  is  that  by  the  time  the  Gulf  Stream  has  lost  its  velocity  as  a 
current,  in  about  tbe  vicinity  of  the  Banks  of  Newfoundland,  it  has  arrived 'in  th& 
region  of  the  westerly  winds,  that  is  of  winds  whose  average  direction  is  from 
west ;  whose  influence,  causing  a  surface  drift  somewhat  comparable  to  that  of  the 
trade  winds,  bears  the  water  onward  to  the  British  Islands  and  Norway.  Without 
these  prevailing  westerly  winds  the  warm  water  of  the  Gulf  Stream  would  never 
reach  these  shores. 

The  depth  to  which  the  surface  currents  extend  in  other  parts  is  little  known* 
Direct  observations  on  under-currents  have  been  rare. 

In  the  first  place,  it  is  not  an  easy  observation  to  make.  Apparatus  has  gene- 
rally to  be  improvised.  This  has  usually  consisted  of  some  form  of  flat  surface 
lowered  to  the  required  depth,  and  suspended  in  the  water  by  a  buoy,  which 
presents  to  the  resistance  of  the  upper  stratum  a  very  much  smaller  area  than  that 
of  the  surface  below. 

More  perfect  machines  have  been  devised,  notably,  that  used  by  the  Americana 
in  their  West  Indian  experiments. 

These,  however,  are  delicate,  and  require  so  much  care  and  experience  in  work- 
ing, and  so  much  time  is  wanted  for  such  observations,  that  under  the  pressure  of 
the  more  urgent  requirements  on  surface  movements  in  the  interests  of  navigation 
very  little  has  been  done. 

The  'Challenger'  made  some  observations  on  the  depth  of  the  equatorial 
current  in  mid-Atlantic,  but  they  were  not  very  conclusive  for  lack  of  suitable 
appliances.  They,  however,  tended  to  show  that  below  100  fetthoms  there  was  but 
little  current. 

It  has  been  calculated  theoretically  that  winds  blowing  steadily  in  one  direction 
with  the  ordinary  force  of  the  trade  winds  would  in  100,000  years  by  friction 
between  the  particles  put  the  whole  of  a  mass  of  water  2,000  fathoms  deep,  not 
otherwise  influenced,  into  motion  in  Uiat  direction ;  but  the  direction  and  force  of 
the  trade  winds  are  ever  changing,  and  the  actual  strong  currents  of  the  ocean  ar6 
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not  in  the  trade  wind  areas,  but  are  the  result  of  these  drifts  meeting  one  another 
and  hein^  compressed  by  the  conformation  of  the  land.  We  cannot,  therefore, 
expect  this  theoretical  effect  to  be  realised. 

One  instance  of  the  underrunning  of  one  current  by  another  is  brought  very 
plainly  to  our  notice  in  the  North  Atlantic,  to  the  east  of  the  Great  Bank  of 
rTewfoundlandy  where  the  icebergs  borne  by  the  arctic  current  from  Baffin  Bay 
pursue  their  course  to  the  southward  across  the  Gulf  Stream  running  eastward. 

These  great  masses  of  ice,  floating  with  seven-eighths  of  their  volume  under  the 
surface,  draw  so  much  water  that  they  are  all  but  wholly  influenced  by  the  under- 
current. A  large  berg  will  have  its  bottom  as  much  as  nx  or  seven  hundred  feet 
below  the  smdface.  The  only  reason  that  these  bergs  continue  their  journey  south- 
ward is  the  action  of  the  cold  under-current. 

It  was  my  good  fortune  to  be  ordered  in  1872  to  undertake  a  series  of  experi- 
ments of  the  currents  and  under-currents  of  the  Dardanelles  and  Bosporus*  They 
proved  most  interesting. 

It  was  well  known  that  a  surface  stream  is  almost  continuously  passing  out  of 
the  Black  Sea  through  the  Bosporus  into  the  Sea  of  Marmara,  and  again  Qirough 
the  Dardanelles  into  the  Mediterranean.  Certain  physicists,  of  whom  Dr.  W, 
Carpenter  was  one,  were,  however,  of  opinion  that  a  return  current  would  be  found 
under  the  surface  running  in  the  opposite  direction,  and  this  I  was  enabled  to 
demonstrate. 

Though  from  the  imperfection  of  our  apparatus,  which  we  had  to  devise  on  the 
spot,  we  were  unable  to  exactly  proportionate  the  quantities  of  water  moving  in  the 
two  directions,  we  found,  whenever  the  surface  current  was  rushing  south- westward 
through  these  strait^  that  for  a  certain  distance,  from  the  bottom  upwards,  the 
water  was  in  rapid  motion  in  the  opposite  direction.  It  was  an  astonishing  sight 
to  behold  the  buoys  which  supported  ji  wooden  framework  of  36  square  feet  area, 
lowered  to  depths  from  100  to  240  feet,  tearing  up  the  straits  against  a  strong  surface 
current  of  as  much  as  three  and  four  miles  an  hour.  It  was  as  perfect  an  ocular 
deiuouHtration  of  a  counter  under-current  as  could  be  wished,  and  the  Turks,  who 
watched  our  proceedings  with  much  suspicion,  were  strongly  of  opinion  that  the 
Devil  had  a  hand  in  it,  and  only  the  exhioition  of  the  Sultan's  firman  saved  us  from 
interruption.  In  the  investigation  of  these  currents  we  found,  as  usual,  that  the 
wind  was  the  most  potent  agent.  Though  the  surface  water  from  the  Black  Sea 
is  almost  fresh,  and  the  bottom  water  of  the  heavy  Mediterranean  density  of  1*027, 
it  was  found  that  when  calm  had  prevailed  the  surface  current  slackened,  and  at 
times  became  nil,  whilst  the  under-current  responded  by  a  similar  slackening. 

The  ordinary  condition  of  wind  in  the  regions  of  the  Black  Sea  and  Sea  of 
Marmara  is  that  of  a  prevalent  N.E.  wind.  This  causes  a  heaping  up  of  the  water 
on  the  south-west  shores  of  those  seas,  precisely  where  the  straits  open,  and  thQ 
surrace  water  therefore  rapidly  escapes. 

These  straits  no  doubt  present  abnormal  characters,  but,  so  far  as  surface  currents 
are  concerned,  the  long  series  of  observations  then  made  convinced  me  of  the 
inadequacy  of  differences  of  specific  gravity,  which  were  here  at  a  maximum,  to 
cau«e  any  perceptible  horizontal  flow  of  water. 

I  have  said  that  we  were  unable  to  define  by  direct  observation  the  exact 
position  of  the  dividing  line  between  the  opposing  currents,  but  the  rapid  change 
in  the  specific  gravity  at  a  certain  depth,  which  varied  on  different  days,  gave  a 
strong  indication  that  the  currents  changed  at  this  point. 

A  Russian  officer,  Captain  Makaroff,  afterwards  made  similar  experiments  in 
the  Bosporus,  but  with  more  perfect  appliances,  and  he  found  that  at  the  point 
where  the  f^pecific  gravity  changed  the  currents  also  changed. 

I  have  been  anxious  to  obtain  similar  observations  at  the  Straits  of  Bab-el- 
Mandeb,  the  southern  outlet  of.  the  Bed  Sea,  where  somewhat  similar  conditions 
pfHvail.  Here  the  winds  are  governed  by  the  monsoons.  For  half  the  year  the 
wind  blows  from  the  north  down  the  whole  length  of  the  sea,  causing  a  surface 
flow  outwards  into  the  Gulf  of  Aden,  and  a  general  lowering  of  the  whole  level  of 
the  sea  of  about  two  feet.  For  the  other  half  of  the  year  the  wind  at  the  southern 
end  of  the  sea  is  strong  from  the  south-east,  causing  a  surface  set  into  the  Red  Sea, 
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over  wbicli  the  general  level  of  the  water  risesi  while  the  northerly  wind  continues 
to  blow  throughout  the  northern  half. 

At  either  of  these  times  I  think  it  b  highly  probable  that  there  is  an  under- 
current in  the  opposite  direction  to  that  at  the  surface,  hut  unfortunately  the  sea 
disturbuice  is  great  and  observations  are  very  difficult. 

Observations  were,  however,  made  by  Captain  W.  U.  Moore  in  H.M.S. 
*  Penguin'  in  ld90|  but  at  a  time  when  the  change  of  monsoon  was  taking  place. 

The  result  was  peculiar,  for  it  appeared  that  at  a  depth  of  about  360  feet 
the  movement  of  the  water  was  tidal,  while  the  surface  water  was  moviug  slowly 
in  one  direction — a  result  generally  similar  to  that  obtained  by  the  Americans  in 
the  West  Indies — but  the  direction  of  the  tidal  flow  was  directly  opposite  to  what 
might  have  been  expected,  viz.,  the  water  ran  in  while  the  tide  fell,  and  vice  versd. 

More  observations  are,  however,  needed  here  before  any  certain  conclusions  can 
be  formed. 

The  depth  of  the  ocean  is  the  next  great  feature  which  demands  attention. 

On  this  our  knowledge  is  steadily,  though  slowly,  increasmg. 

The  whole  of  it  has  been  gained  during  the  last  fifty  years. 

Oommenced  by  Sir  James  Ross,  whose  means  were  very  small,  but  who  never- 
theless demonstrated  that  the  so-called  unfathomable  ocean  was  certainly  fiithomable 
everywhere,  the  sounding  of  the  ocean  has  continuously  proceeded.  The  needs  of 
submarine  cables  have  constantly  demanded  knowledge  in  this  particular,  and  the 
different  cable  companies  have  had  a  large  share  in  ascertaining  the  facts. 

Expeditions,  whose  main  object  has  been  to  obtain  soundings,  have  been  sent 
out,  Great  Britain  and  the  Unit^  States  taking  the  first  phice ;  but  most  maritime 
nations  have  aided. 

In  the  immediate  past  the  additions  have  mainly  been  from  the  soundings 
which  H.M.  surveying  ships  continually  take  whenever  on  passage  f^m  one 
place  to  another,  from  the  work  of  our  cable  companies,  and  from  United  States 
vessels. 

We  have,  as  a  result,  a  very  fair  general  knowledge  of  the  prevailing*  depths  in 
the  Atlantic,  but  of  the  Indian  and  Pacific  Oceans  it  is  very  fragmentary.  We 
have  enough  to  give  us  a  general  idea,  but  our  requiremeuts  increase  as  yesifB 
roll  on.  It  is  a  vast  task,  and,  it  may  be  safely  said,  will  never  be  completed ;  for 
we  shall  never  be  satisfied  until  we  Know  the  variations  of  level  under  the  water 
as  well  as  we  know  those  on  the  dry  land. 

It  is  hopeless  to  do  more  than  to  briefly  sketch  the  amount  of  our  knowledge. 

First,  as  to  the  greatest  depths  known.  It  is  very  remarkable^  and  from  a 
geological  point  of  view  significant,  that  the  very  deepest  parts  of  the  ocean  are 
not  in  or  near  their  centres,  but  in  all  cases  are  very  near  land. 

One  hundred  and  ten  miles  outside  the  Kurile  Islands,  which  stretch  from  the 
northern  point  of  Japan  to  the  north-east,  the  deepest  sounding  has  been  obtained 
of  4,655  fathoms,  or  27,930  feet.  This  appears  to  be  in  a  deep  depression,  which 
runs  parallel  to  the  Kurile  Islands  and  Japan ;  but  its  extent  is  unknown,  and 
may  be  very  large. 

Seventy  miles  north  of  Porto  lUco,  in  the  West  Indies,  is  the  next  deepest  cast 
known,  viz.,  4,501  fathoms,  or  27,*3t$6feet ;  not  far  inferior  to  the  Pacific  depth,  but 
here  the  deep  area  must  be  comparatively  small,  as  shallower  sounding  have 
been  made  at  distances  sixty  miles  north  and  east  of  it.  '   « 

A  similar  depression  has  been  sounded  duringr  the  last  few  years  west  of  the 
great  range  of  the  Andej>,  at  a  distance  of  fifty  miles  from  the  coast  of  Pern,  where 
the  greatest  depth  is  4,175  fathoms. 

Other  isolated  depths  of  over  4,000  fathoms  have  been  sounded  in  the  Pacific: 
One  between  the  Tonga  or  Friendly  Iskmds  of  4,500  fathoms,  one  of  4.478  fathoms 
near  the  Ladronee,  and  another  of  4,428  fathoms  near  Pylstaart  Island,  all  in  the 
Western  Pacific.    They  all  require  further  investigation  to  determine  their  extent. 

With  these  few  exceptions,  the  depth  of  the  oceans,  so  far  as  yet  known,  nowhere 
comes  up  to  4,000  fathoms,  or  four  sea  miles ;  bat  there  can  be  little  doubt  that 
other  similsr  liollows  are  yet  to  be  found. 

The  sea  with  the  greatest  mean  depth  appears  to  be  the  vast  Pacific,  which 
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ooven  67  millions  of  the  188  millions  of  sqmire  miles  composing  tbe  earth's 
surface. 

Of  these  183  millions,  137  millions  are  sea,  so  that  the  Pacific  comprises  just 
one-half  of  tbe  water  of  tbe  globe,  and  more  than  one-third  of  its  whole  area. 

The  Northern  Pacific  has  been  estimated  by  Mr.  John  Murray  to  have  a  mean 
depth  of  over  2,600  fathoms,  while  the  Southern  Pacific  is  credited  with  a  littla 
under  2,400  fathoms.  These  figures  are  based  on  a  number  of  soundings  which 
cannot  be  designated  otherwise  than  very  sparse. 

To  give  an  idea  of  what  remains  to  lie  done,  I  will  mention  that  in  the  eastern 
part  of  the  Central  Pacific  there  is  an  area  of  10,600,000  square  miles  in  which 
there  are  only  seven  soundings,  whilst  in  a  long  strip  crossing  the  whole  North 
Pacific,  which  has  an  area  of  2,800,000  square  miles,  there  is  no  sounding  at  all. 
NeverUieless,  while  the  approximate  mean  depth  I  am  mentioning  may  be  con- 
siderably altered  rs  knowledge  increases,  we  know  enough  to  sa^  that  the  Pacific  is 
generally  deeper  than  the  other  oceans.  The  immensity,  both  m  hulk  and  area,  of 
this  great  mass  of  water,  is  difficult  to  realise ;  but  it  may  assist  us  when  we  realise 
that  the  whole  of  the  land  on  the  globe  above  water  level,  if  shovelled  into  the 
Pacific,  would  only  fill  one-seventh  of  it. 

The  Indian  Ocean,  with  an  area  of  26,000,000  square  miles,  has  a  mean  depth, 
according  to  Mr.  Murray,  of  a  little  over  2,000  fathoms.  This  also  is  estimated 
from  a  very  insufficient  number  of  soundings. 

The  Atlantic,  by  far  the  best  sounded  ocean,  has  an  area  of  SifiOOfiOO  square 
miles,  with  a  mean  depth  of  about  2,200  fathoms. 

The  temperature  of  this  hu^e  mass  of  water  is  an  interesting  point. 

The  temperature  of  the  surlace  is  most  important  to  us,  as  it  is  largely  on  it 
that  the  climates  of  the  different  parts  of  the  world  depend.  This  is  comparatively 
easy  to  ascertain.  We  know  so  much  about  it  that  we  are  not  likely  to  improve 
on  it  for  many  years.  We  are  quite  able  to  understand  why  countries  in  the  same 
latitude  differ  so  widely  in  their  respective  mean  temperatures ;  why  fogs  prevail  in 
certain  localities  more  than  others ;  and  how  it  comes  about  that  others  are  subject 
to  tempestuous  storms. 

On  the  latter  point  nothing  has  come  out  plainer  from  recent  discussion  than 
the  fact  that  areas  where  great  differences  of  surface  temperature  of  the  sea 
prevaU  are  those  in  which  storms  are  generated. 

It  is  a  matter  of  observation  that  in  the  region  south  of  Nova  Scotia  and  New- 
foundland many  of  the  storms  which  travel  over  the  Atlantic  to  this  country  have 
their  rise. 

An  examination  of  surface  temperature  shows  that  in  this  region  the  variations 
are  excessive,  not  only  from  the  juxtaposition  of  the  warm  water  of  the  Gulf 
Stream  and  the  cold  water  of  the  Arctic  current  fi owing  southward  inside  of  it, 
but  in  the  Gulf  Stream  itself,  which  is  composed  of  streaks  of  warm  and  colder  water, 
between  which  differences  of  as  much  as  20°  Fahr.  exist. 

The  same  conditions  exist  south  of  the  Cape  of  Good  Hope,  another  well-known 
birthplace  of  storms.  Here  the  Agulhas  current  of  about  70°  Fahr.  diverted  by 
the  land  pours  into  the  mass  of  water  to  the  southward,  colder  by  some  26°,  and 
the  meeting-place  is  well  known  as  most  tempestuous. 

South-east  of  the  Rio  de  la  Plata  is  another  stormy  area,  and  here  we  find  the 
same  abnormal  variations  in  surface  temperature. 

Yet  another  is  found  off  the  north-east  coast  of  Japan  ^th  the  same  conditions. 

These  differences  are  brought  about  by  the  mingling  of  water  carried  dther  by 
the  flowing  of  a  powerful  current  turned  bv  the  land  into  a  mass  of  water  of 
different  temperature,  as  is  the  case  off  the  Cape  of  Good  Hope,  or  by  the 
uprising  of  lower  strata  of  cooler  water  through  a  shallow  surface  stream,  as 
appears  to  be  the  case  in  the  Gulf  Stream. 

A  remarkable  point  recently  brought  to  light  by  the  researches  of  Mr.  Jahn 
Murray  in  Scotch  lochs  is  the  effect  of  wind  on  the  surface  temperature.  It  has 
been  observed  that  wind  driving  off  a  shore  drifts  the  surface  water  before  it. 
This  water  is  replaced  by  the  readiest  means,  that  is  to  say,  by  water  from  below 
the  surface  rising  to  take  its  place.  As  the  lower  strata  are  in  all  cases  cooler 
than  the  surface,  a  lowering  of  the  temperature  results,  and  we  find,  in  fact,  jtiiat 
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near  all  aeapahores  off  which  a  steady  wind  Uows  the  water  is  cooler  than  further 
to  seaward. 

This  has  an  important  bearing  on  coral  growth,  and  explains  whj  on  all 
western  coasts  of  the  great  continents  off  which  the  trade  winds  blow  we  find  an 
almost  absolate  dearth  of  coral,  while  on  the  eastern  coasts,  on  which  warm  currents 
impinge,  reefs  abound,  the  coral  animal  flourishing  only  in  water  above  a  certain 
temnerature. 

Observations  of  the  temperature  of  the  strata  of  water  between  the  surface  and 
bottom  have  been  of  late  years  obtained  in  many  parts.  ^  Compared  with  the  area 
of  the  oceans  they  are  but  few,  but  our  knowledge  steadily  increases  every  year. 

The  subject  of  the  vertical  distribution  of  tempwature  has  not  vet  been 
thoroughly  investigated  in  the  light  of  the  whole  of  the  information  whicn  we  now 
possess,  but  Dr.  A&x.  Buchan  has  been  for  some  time  devoting  his  spare  time  to 
the  task,  and  it  is  a  heavy  labour,  for  the  data  obtained  here  and  there  over  the 
world  by  different  ships  of  all  maritime  nations  are  very  difficult  to  collect  and  to 
appraise,  but  I  understand  that  before  long  we  shall  have  the  result,  which  will 
prove  veiT  interesting,  in  the  last  volume  of  the  '  Challenger'  series. 

It  will  readily  be  understood  that  observations  on  temperatures  at  great  depths 
require  great  care.  In  the  first  place  the  thermometers  must  be  most  caremlly 
manufactured.  They  must  be  subjected  to  rigorous  tests,  and  they  must  be  care- 
fully handled  during  the  operation.  All  observations  are  not  of  the  same  value, 
and  the  discusmon,  therefore,  presents  considerable  difficulty  and  demands  much 
discretion. 

In  the  meantime  we  can  state  certain  known  facts. 

We  have  learnt  that  the  depth  of  the  warm  surface  water  is  smalL 

In  the  equatorial  current  between  Africa  and  South  America,  where  the  surface 
is  of  a  temperature  of  78%  at  100  fathoms  it  is  only  66%  a  difference  of  2^^  and  a 
temperature  of  40°  is  reached  at  400  fathoms.  In  this  riM^on,  so  far  as  knowledge 
goes,  the  fall  in  temperature  as  we  descend  is  most  rapio,  but  generally  speaking 
ihe  same  variations  prevail  everywhere. 

In  the  tropical  Pacific  the  temperature  falls  82°  from  the  sur&ce,  where  it 
etands  at  82°,  to  a  depth  of  200  fathoms,  40°  being  reached  at  from  600  to  600 
fathoms  below  the  suriace. 

Below  the  general  depth  of  from  400  to  600  fathoms,  the  temperature  decreases 
very  slowly,  but  there  is  considerable  variation  in  the  absolute  amount  of  it  when 
we  get  to  great  depths  in  different  parts  of  the  ocean. 

One  of  the  most  interesting  facts  that  has  been  recognised  is  that  in  enclosed 
hollows  of  the  ocean  the  bottom  temperature  is  apparently  much  less  than  that 
of  the  stratum  of  water  at  a  corresponding  depth  in  the  waters  outside  the  sub- 
marine ridge  that  forms  the  enclosing  waUs,  separating  them  from  deeper  areas 
beyond,  and  is,  in  all  cases  that  have  been  observed,  equal  to  that  on  tne  ridge. 
From  this  fact  we  are  enabled  to  supplement  our  imperfect  knowledge  of  depths, 
because  if  in  a  certain  part  of  an  ocean  we  find  that  the  temperature  at  great 
depths  is  higher  than  we  know  exists  at  similar  depths  in  waters  apparently  con- 
nected, we  can  feel  certain  that  there  is  a  submarine  ridge  whicn  cuts  off  the 
bottom  waters  from  moving  along,  and  that  the  depth  on  this  ridge  is  that  at 
which  is  found  the  corresponding  temperature  in  the  outer  waters.  As  a  corollary 
we  also  assume  tiuit  the  movement  of  water  at  great  depths  is  confined  to  an 
fdmost  imperceptible  movement,  for  if  there  was  a^  motion  that  we  could  term,  in 
the  oniinary  acceptation  of  the  word,  a  current,  it  would  infallibly  surmount  a 
ridge  and  pour  over  the  other  nde,  carrying  its  lower  temperature  with  it. 

A  notaole  instance  is  the  bottom  temperature  of  the  North  Atlantic.  This  is 
nowhere  below  36°  F.,  although  the  depths  are  very  great.  But  in  the  South 
Atlantic  at  a  depth  of  only  2,800  fathoms  the  bottom  temperature  is  but  a  little 
above  32°  F.,  and  we  are  therefore  convinced  that  somewhere  between  Africa 
and  South  America,  though  soundings  do  not  yet  show  it,  there  must  be  a  ridge 
at  a  depth  of  about  2,000  fathoms. 

We  also  come  to  the  same  conclusion  with  regard  to  the  eastern  and  western 
portions  of  the  South  Atlantic,  where  sunilar  differences  prevaiL 
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Again,  thie  few  temoeratures  that  have  been  obtained  in  the  eastern  Sonth^ 
Pacific  show  a  consideraDle  difierence  from  those  in  the  South  Atlantic,  and  we 
are  compelled  to  assume  a  ridge  from  the  Falkland  Islands  to  the  Antarctic 
continent. 

It  is  interesting  that  the  investigation  into  the  translation  of  the  great  seismic 
wave  caused  bj  the  eruption  of  I&akatoa  in  1883  led  to  a  similar  and  entirely 
independent  conclusion.  The  wave  caused  by  the  explosion  in  the  Straits  of  Sunda 
reached  Cape  Horn,  where  by  good  chance  a  French  meteorological  expedition  had 
erected  an  automatic  tide  gauge,  but  instead  of  one  series  of  waves  being  marked 
on  the  paper  there  were  two.  A  little  consideration  showed  that  the  South  Pole 
having  directly  interposed  between  Sunda  Straits  and  Gape  Horn,  the  waves 
diverted  by  the  knd  about  the  pole  would  arrive  from  both  sides. 

One  wave^  however,  made  its  appearance  seven  hours  before  the  other.  • 

Study  showed  that  the  earliest  wave  comddsd  in  time  with  a  wave  travelling' 
on  the  Pacific  side  of  the  pole,  with  a  velocity  due  to  the  known  depthy  while  the 
later  wave  must  have  been  retarded  in  its  journey  via  the  South  Atlantic  Hie 
only  possible  explanation  is  that  the  wave  had  been  impeded  by  comparatively 
shallow  water. 

The  evidence  from  bottom  temperature  was  then  imknown,  and  thus  does  one 
branch  of  investigation  aid  another. 

In  the  Western  Pacific  the  water  is  colder,  a  few  bottom  temperatures  of  a 
little  over  33^  F.  having  been  found  in  the  deep  trough  east  of  the  Tonga  Islands  f 
but  the  North  Pacific,  though  the  deeper  ocean— -of  enormous  area  and  volume — 
is  apparently  again  cut  off  by  a  submarine  ridge.  The  north-western  part  of  the 
Indian  Ocean  is  for  similar  reasons  assumed  to  be  divided  from  the  main  body^  the 
shallower  water  probably  running  from  the  Seychelles  to  the  Maldive  Ishads. 

Mr.  Buchanan  has  pointed  out  why  some  parts  of  oceans,  deep  and  vast  though 
theybe,  are  when  cut  off  from  communication  with  others  warmer  at  the  bottom. 

Water  can  only  sii^  through  lower  layers  when  it  is  the  heavier,  and  though 
a  warm  surface  current  becomes  from  evaporation  denser,  its  heat  makes  it  specifi- 
cally lighter  than  the  strata  below. 

It  is  only  when  such  a  current  parts  gradually  with  its  heat,  as  in  travellings 
from  tropical  to  temperate  regions,  that  it  sinks  and  idowly  but  surely  carries 
its  temperature  with  it,  modifymg  the  extreme  natural  cold  of  the  bottom  layers. 

In  the  North  Atlantic  and  Pacific  we  have  such  a  condition.  The  great 
currents  of  the  Gulf  Stream  and  Japan  current  as  they  fiow  to  the  north  sink,  and 
in  the  course  of  ages  have  succeeded  in  raising  the  l>ottom  temperature  three  or 
four  decrees. 

In  the  Southern  Seas  this  influence  is  not  at  work,  and,  directiy  connected  with 
the  more  open  water  round  the  South  Pole,  there  is  nothingto  carry  to  the  abysmal 
depths  any  heat  to  raito  them  from  their  normal  low  temperatures^  due  to  the 
absence  of  any  heating  influence. 

The  ice  masses  round  the  South  Pole  have  probably  little  or  no  efiect  on  bottom 
temperature,  as  the  fresher,  though  colder,  water  wiU  not  sink ;  and,  as  a  matter 
of  fact,  warmer  water  is  found  at  a  few  hundred  fathoms  than  at  the  surface. 

The  lowest  temperature  ever  obtained  was  by  Sir  John  Ross  in  the  Arctic 
Ocean  in  Davis  Straits  at  a  depth  of  680  fathoms,  when  he  recorded  a  reading  of 
25^  F.  This  probably  requires  confirmation,  as  thermometers  of  those  days  were 
somewhat  imperfect 

In  the  great  oceans  the  greatest  cold  is  found  on  the  western  side  of  the  South 
Atlantic,  where  the  thermometer  stands  at  32^*3  F.,  but  temperatures  of  29°  F«  have 
been  obtained  of  recent  years  east  of  the  Fsdroe  Islands,  north  of  the  ridge  which 
cuts  off  the  deeper  waters  of  the  Arctic  from  the  Atlantic. 

Though  scarcely  within  the  limits  of  my  subject,  which  is  the  sea  itself,  I  must 
say  a  few  words  on  the  sea  floor. 

The  researches  carried  on  in  the  '  Challenger '  revealed  that  while  for  a  certain 
distance  from  the  continents  the  bottom  is  composed  of  terrestnal  detritus,  every- 
where in  deep  water  it  is  mainly  composed  of  the  skeletons  or  remains  of  skeletons 
of  the  minute  animals  that  have  lived  in  the  water. 
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In  comparatively  small  depths  we  find  remains  of  many  shells.  As  the  depth 
increases  to  500  fathoms  or  so  we  get  mainly  the  calcareous  shells  of  the  globi- 
gerioiB  which  may  be  said  to  form  by  £&r  the  ffieater  part  of  the  oceanic  floor. 

In  deeper  water  still,  where  pressure,  com  bined  with  the  action  of  the  carbonic 
acid,  has  diissolved  all  calcareous  matter,  we  6nd  an  impalpable  mud  with  skeletons 
of  the  silidous  radiolaria  of  countless  forms  of  the  greatest  beauty  and  complexity. 
Deeper  still,  t.e.,  in  water  of— speaking  generally — over  3,000  fathoms,  we  find  a 
red<U6h-coloured  clayey  mud,  m  which  the  only  traces  of  recognisable  oiganic 
remains  are  teetii  of  sharks  and  cetacea,  many  belonging  to  extinct  species. 

What  the  depths  of  these  deposits  may  be  is  a  subject  of  speculation.  It  may 
be  that  some  day,  as  mechanical  appliances  are  improved,  we  shall  find  means  of 
boring,  but  up  to  the  present  no  such  operation  has  been  attempted. 

On  the  specific  gravity  of  the  water  of  the  sea  I  can  say  but  little  except  that 
it  varies  considerably. 

It  is  not  yet  known  for  certainty  how  far  the  specific  gravities  observed  at 
various  points  and  depths  remain  appreciably  constant. 

In  localities  where  evaporation  is  great,  and  other  influences  do  not  interfere, 
it  is  evident  that  the  specific  gravity  of  the  surface  will  be  high — a  consideration 
which  observations  confirm ;  but  there  are  many  complications  which  require  more 
observation  before  they  can  be  resolved. 

In  some  few  places  repeated  observations  permit  deductions,  but  taking  the  sea 
as  a  whole  we  are  yet  very  ignorant  of  the  facts  bearing  on  this  point. 

The  waves  which  for  ever  disturb  the  surface  of  the  sea  demand  much 
study. 

The  greatest  of  these,  and  the  most  regular,  is  the  tidal  wave.  On  this  many 
powerful  intellects  have  been  brought  to  Mar,  but  it  still  presents  many  unsolved 
anomalies. 

Lord  Kelvin  and  Professor  Darwin  have  demonstrated  that  the  tidal  movement 
is  made  up  of  many  waves  depending  upon  difierent  functions  of  the  moon  and 
sun,  some  being  semi-diurnal,  some  diurnal,  llie  time  of  transit  over  the  meridian, 
the  declination  of  both  bodies,  create  great  variations ;  the  changing  distance  and 
position  of  the  moon  and  the  position  of  her  node,  also  have  great  effect,  while  the 
ever-varying  direction  and  force  of  the  winds,  and  the  difierent  pressure  of  the 
atmosphere  play  their  part,  and  sometimes  a  very  laige  part,  on  what  is  somewhat 
loosely  known  as  the  meteorological  tide. 

The  amplitude  of  the  oscillation  of  the  water  depending  upon  each  of  the 
astronomical  functions  varying  for  every  point  on  the  earth,  the  effect  is  that,  each 
having  a  different  period,  the  resulting  mean  movement  of  the  water  has  most 
astonishing  variations. 

In  some  places  there  is  but  one  apparent  tide  in  the  day ;  in  others  this  pheno- 
menon only  occurs  at  particular  periods  of  each  lunation,  while  in  the  majoritv  of 
cases  it  is  the  movements  of  each  alternate  tide  only  that  iippear  to  have  much  to 
do  with  one  another. 

Though  after  long  observation  made  of  the  times  and  ranges  of  tides  at  any 
one  spot  they  can  now  be  predicted  with  great  accuracy,  for  that  particular  place, 
by  the  method  of  harmonic  analysis  perfected  by  Professor  G.  Darwm,  the  meteoro- 
logical tide  excepted,  no  one  can  yet  vay  what  the  tide  will  be  at  any  spot  where 
observations  have  not  been  made 

Observations  all  over  the  world  have  now  shown  that  there  is  no  part  where 
the  tidal  movement  is  so  regular  and  simple  as  around  the  British  Islands.  This  is 
more  remarkable  when  it  is  found  that  the  tides  on  the  other  side  of  the  Atiantic 
— at  Nova  Scotia,  for  instance— are  very  complicated. 

The  minor  tides,  which  in  most  parts  of  the  world,  when  combined  in  one 
direction,  amount  to  a  very  considerable  fraction  of  the  principal  lunar  and  solar 
tides,  and  conseqnentiy  greatly  increase  or  diminish  their  effects,  are  in  Great 
Britain  so  insignificant  that  their  influence  is  trifling ;  but  why  this  should  be  I 
have  never  yet  found  anyone  to  explain. 

Nevertheless  there  are  many  very  curious  points  about  our  tides  which  are 
plainly  caused  by  interference,  or,  in  other  words,  by  the  meeting  of  two  tidal 
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-waves  arriving  from  opposite  directions;  or  from  the  reboand  of  the  tidal  waves 
from  other  coasts. 

This  effect,  also,  it  has  been  so  far  found  impossible  to  predict  without  observa- 
tion. On  our  southern  coasts,  for  instance ;  in  the  western  part  the  tide  rises  about 
16  feet,  but  as  it  travels  eastward  the  range  becomes  less  and  less  until,  about 
Poole,  it  reaches  a  minimum  of  6  feet.  Farther  east  again  it  increases  to  Hastin^rs* 
where  the  range  is  24  feet.  Yet  farther  east  it  a^n  gradually  diminishes.  This 
is  due  to  the  reflection  from  the  French  coast,  which  brings  another  wave  which 
either  superposes  itself  upon,  or  reduces  the  effect  of,  the  main  tide  advancing  up 
the  English  Channel;  but  the  details  of  such  reflection  are  so  complex  that  no 
one  could  forecast  them  without  more  knowledge  than  we  possess. 

There  can  be  little  doubt  that  to  this  cause,  reflection,  is  mainly  due  the 
variations  in  the  amount  of  mean  range  of  tide  which  are  found  on  many  coasts 
at  different  parts ;  and  as  these  reflected  waves  may  arrive  from  great  distances, 
and  be  many  in  number,  we  may  cease  to  wonder  at  the  extraordinarv  differences 
in  range  of  tide  which  prevail,  though  it  will  be  understood  that  this  is  wholly 
separate  from  the  varymg  heights  of  each  successive  tide,  or  of  the  tide  at 
different  parts  of  each  lunation,  or  at  different  times  of  the  year,  which  depend 
upon  the  astronomical  influences. 

The  actual  height  of  the  tide  in  deep  water  is  small,  but  on  passing  into  shallow 
water  when  approaching  a  shore,  and  especially  when  rolling  up  a  gulf  of  more  or 
less  funnel  shape,  it  becomes  increased  by  the  retardation  caused  by  friction,  and 
by  compression  laterally,  and  hence  the  height  of  the  tide  on  a  coast  affected  by 
other  causes  is  greater  than  in  the  open  sea. 

The  oceanic  tide  wave  is  suppos^  to  be  from  2  to  3  feet  in  height,  but  as  this 
has  been  assumed  from  observations  made  at  small  oceanic  islands  where,  although 
the  magnifying  influences  mentioned  are  at  a  minimum,  they  still  exist,  we  wait 
for  precise  infonnation  until  some  means  of  actually  measuring  the  tide  in  deep 
water  is  devised. 

The  waves  due  to  wind,  though  not  so  far-reaching  in  their  effects  as  the 
majestic  march  of  the  tide  wave,  are  phenomena  which  are  more  apparent  to  the 
traveller  on  the  ocean. 

The  deep  sea  in  a  heavy  gale  presents,  perhaps,  the  most  impressive  manifesta- 
tion of  the  powers  of  Nature  which  man  can  behold,  and  doubtless  many  of  us 
have  experienced  feelings  that  may  vary  from  awe  and  wonder  to  sh^er  aelight, 
According  to  the  temperament  of  each  individual,  at  for  the  first  time  finding  himself 
face  to  face  with  this  magnificent  sight,  though  I  rather  fear  that  discomfort  is  the 
prevailing  feeling  that  many  carry  away. 

The  height  to  which  storm  waves  may  rise  has  never  been  very  satisfactorily 
•determined.  Apart  from  the  difficulty  of  the  task  and  the  small  number  of  people 
'who  will  address  themselves  to  it  when  they  have  the  chance,  it  is  but  rarely  that 
any  individual  sees  reaUy  abnormal  waves,  even  though  he  may  be  at  sea  all  his 
life. 

Different  heights  for  what  are  called  maximum  waves  have  been  recorded,  and 
they  vary  from  40  to  90  feet  from  crest  to  hollow. 

All  we  can  say  is  that  the  most  probable  figure  is  about  50  or  60  feet. 

These  great  storm  waves  travel  very  far.  In  some  cases  they  convey  a  warning, 
as  their  velocity  always  far  exceeds  that  at  which  the  storm  is  travelling.  In  others 
they  intimate  that  a  gale  of  which  no  more  is  seen  has  occurred  somewhere — it  may 
be  many  miles  distant. 

When  they  have  travelled  beyond  the  limits  of  the  wind  which  raised  them, 
they  lose  the  steepness  of  slope  which  characterises  them  when  under  its  influence, 
jtnd  become  an  undulation  which  is  scarcely  noticed  when  in  deep  water. 

On  approaching  shallow  water,  however,  they  are  again  apparent,  and  the 
*  rollers '  that  occur  unperiodically  at  various  places  in  latitudes  where  gales  never 
occur  would  seem  to  be  caused  by  such  waves,  originating  in  areas  many  thousands 
of  miles  distant.  Such  appears  to  be  the  origin  of  the  well-knovm  rollers  at 
Ascension  and  St.  Helena,  where  the  rocky  and  exposed  nature  of  the  landing  has 
caused  this  phenomenon  to  be  espedally  noticed. 


Digitized  by  VjOOQIC 


TRANSACTIONS  OF  SECTION  E.  709 

Other  rollers  are,  however,  undoubtedly  due  to  earthquakes  or  yolcanle  erup- 
tions occurrinfi^  in  the  bed  of  the  sea. 

Many  of  £e  great  and  sudden  waven  which  have  caused  devastation  and  great 
loss  of  life  on  the  shores  of  western  South  America  are  referable  to  this  cause. 

Observations  to  enable  the  focus  of  such  a  disturbance  to  be  traced  have 
generally  been  lacking,  but  it  is  probable  that  where  the  wave  has  been  large  the 
point  of  origin  has  not  been  far  distant. 

In  one  notable  instance  the  conditions  were  reversed.  The  point  of  origin  was 
known,  and  the  distance  to  which  the  resulting  wave  travelled  could  be  fairly 
satisfactorily  traced. 

This  was  the  great  eruption  in  the  Straits  of  Sunda,  in  August  1883,  which 
locally  resulted  in  the  disappearance  of  the  major  part  of  the  island  of  Krakatoa, 
and  the  loss  of  nearly  40,000  lives^  on  the  neighbourmg  shores  of  Java  and  Sumatra, 
by  tHe  huge  wave  which  devastated  them. 

The  records  of  automatic  tide  gauges  and  the  observations  of  individuals 
enabled  the  waves  emanating  from  this  disturbance  to  be  followed  to  great  dis- 
tances. These  waves  were  of  great  length,  the  crests  arriving  at  intervals  of  about 
an  hour,  and  moving  with  a  velocity  of  about  850  miles  an  hour,  were  about  that 
distance  apart. 

The  waves  recorded  at  Cape  Horn  were  apparently  undoubtedly  due  to  the 
eruption,  and  travelled  distances  of  7,600  miles  and  7,800  miles  in  their  course  on 
either  side  of  the  south  polar  land. 

They  were  only  5  inches  in  height  above  mean  level  of  the  sea,  while  the  waves 
recorded  at  places  on  the  southern  part  of  Africa,  at  a  distance  of  about  5,000 
miles  from  the  scene  of  the  eruption,  were  from  1  to  2  feet  high,  the  original  long 
waves  being  of  an  unknown  height,  but  probably  did  not  exceed  10  or  16  feet. 

No  other  such  opportunity  of  testing  the  distances  to  which  great  waves  may 
travel  has  ever  occurred,  and  as  such  a  catastrophe  as  gave  rise  to  them  could 
scarcely  be  repeated  without  similar  loss  of  life,  it  may  be  hoped  we  shall  not  live 
to  see  another,  interesting  though  the  discussion  of  the  numerous  phenomena  were. 

The  movement  of  the  particles  of  water  due  to  the  tide  wave  extends  to  the 
bottom  of  the  deepest  water,  and  doubtless  plays  an  important  part  in  keeping  up 
a  constant  motion  in  the  abysses,  but  the  depth  to  which  the  action  of  the  surface 
waves  originating  in  wind  reach  is  stiU  but  little  known  by  observation. 

If,  however,  we  study  the  contour  of  the  bottom  off  the  shores  of  land  exposed  to 
the  fuU  influence  of  the  great  oceans,  we  are  struck  by  the  very  general  rapid 
increase  of  slope  after  a  depth  of  about  80  to  100  fathoms  (600  to  600  feet)  has 
been  reached. 

It  appears  probable  that  this  is  connected  with  the  depth  to  which  wave 
action  may  extend,  the  fine  particles  brought  down  by  rivers  or  washed  from 
the  land  by  the  attrition  of  trie  breakers  being  distributed  and  gradually  moved 
down  the  slope. 

When  we  examine  banks  in  the  open  sea  we  find,  however,  that  there  are  a 
great  many  with  a  general  depth  of  from  80  to  40  fathoms,  and  the  question 
arises  whether  this  may  not  be  the  genend  limit  of  the  power  of  oceanic  waves  to 
cut  down  the  maas  acted  upon  when  it  is  fairly  friable. 

The  question  has  an  interesting  bearing  on  the  subject  of  the  eveivdebated 
origin  of  coral  atolls,  for  this  is  the  general  depth  of  many  large  lagoons ;  and 
granted  that  the  sea  can  cut  down  land  to  this  depth,  we  have  at  once  an 
approach  to  the  solution  of  the  problem  of  the  formation  of  bases  of  a  suitable 
depth  and  material  upon  which  the  coral  animal  can  commence  operations. 

This  question  also  awaits  more  light,  and  I  merely  offer  this  remark  as  a 
suggestion. 

It  is,  however,  somewhat  remarkable  that  in  recent  cases  of  volcanic  islands  piled 
up  by  submarine  eruptions,  they  have  all  been  more  or  less  rapidly  washed  away, 
and  are  in  process  of  further  diminution  under  the  surface. 

Observations  on  the  mean  level  of  the  sea  show  that  it  constantly  varies,  in 
some  places  more  than  others. 

This  subject  has  not  yet  been  worked  out. 
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In  some  localities  it  is  plainly  due  to  wind,  as  in  the  Red  Sea,  where  the 
fmnmer  level  is  some  two  reet  l)elow  that  of  winter,  owing  to  the  fact  that  in 
summer  the  wind  blows  down  the  whole  length  of  the  sea,  and  drives  the 
water  out. 

In  many  places,  as  in  the  great  estuary  of  the  Rio  de  la  Plata,  the  level  is 
constantly  varying  with  the  direction  of  the  winds,  and  the  fluctuation  due  to  this 
cause  is  greatlv  in  excess  of  the  tidal  action. 

In  others  the  cause  is  not  so  clear. 

At  Sydney,  New  South  Wales,  Mr.  Russell  found  that  during  eleven  years  the 
level  was  constantly  falling  at  about  an  inch  a  year,  but  by  the  last  accounts 
recnved  it  was  again  stationary. 

The  variations  in  the  pressure  of  the  atmosphere  play  an  important  part  in 
changes  of  sea  level. 

A  difference  of  one  inch  in  the  barometer  has  been  shown  to  be  followed  by  a 
difibrence  of  a  foot  in  the  mean  level  of  the  sea,  and  in  parts  of  the  world  where 
the  mean  height  of  the  barometer  varies  much  with  the  seasons,  and  the  tidal 
range  is  small,  this  effect  is  very  marked. 

Of  any  secular  change  in  the  level  of  the  sea  little  is  known.  This  can  only 
be  measured  by  comparison  with  the  land,  and  it  is  a  question  which  is  the  more 
unstable,  the  land  or  the  water — probably  the  land,  as  it  has  been  shown  that 
the  mass  of  the  land  is  so  trifling,  compared  with  that  of  the  ocean,  that  it  would 
take  a  great  deal  to  alter  the  general  mean  level  of  the  latter. 

All  the  points  connected  with  the  sea  that  I  have  had  the  honour  of  bringing 
before  you  form  part  of  the  daily  observation  of  the  marine  survevor  when  he  has 
the  chance ;  but  I  cannot  refrain  from  also  mentioninfi^  other  duties,  which  are 
indeed  in  the  present  state  of  our  knowledge  and  of  vie  practical  requii'ements 
of  navigation  the  principal  points  to  which  he  has  to  pay  attention,  as  it  may 
explain  why  our  Knowledge  on  so  many  interesting  details  still  remains  very 
imperfect 

Working  as  we  do  in  the  interests  of  the  vast  marine  of  Great  Britain,  the 
paramount  necessity  of  good  navigational  charts  requires  that  the  production  of 
such  charts  should  "be  our  principd  aim. 

It  is  difficult  for  a  landsman  and  difficult  even  for  a  sailor  who  has  never 
done  such  work  to  realise  the  time  that  is  necessary  to  make  a  really  complete 
marine  survey.  The  most  important  part,  the  ascertainment  of  the  depth, 
is  done,  so  to  speak,  in  the  dark — that  is  to  say,  it  is  by  touch  and  not  by 
sight  that  we  have  to  find  the  different  elevations  and  depressions  of  the  bottom 
of  the  sea. 

In  making  a  map  of  the  land  an  isolated  roc*k  or  hill  stands  up  like  a  beacon 
above  the  surrounding  land,  and  is  at  once  localised  and  marked,  but  a  similar 
object  under  the  sea  can  onlv  be  found  by  patient  and  long-continued  sounding, 
and  may  very  eadly  be  missed. 

When  it  is  considered  that  marine  surveying  has  only  been  seriously  under- 
taken for  about  100  years,  with  a  very  limited  number  of  vessels,  we  shall,  I 
think,  understand  how  in  the  vast  area  of  the  waters,  taking  only  those  bordering 
the  shores,  manv  unsuspected  dangers  are  yearly  discovered. 

Very,  very  few  coasts  have  been  minutely  surveyed,  and,  setting  aside  for  a 
moment  the  great  changes  that  take  place  off  shores  where  sandbanks  prevail, 
I  should  be  sorry  to  say  that  even  on  our  own  coasts  charts  are  perfect. 

Yearly  around  Great  Britain  previously  unknown  rocks  come  to  light,  and  if 
this  is  the  case  at  home,  what  are  we  to  think  of  the  condition  of  charts  of  less 
known  localities ! 

Our  main  eflbrts,  therefore,  are  directed  to  the  improvement  of  charts  for  safe 
navigation,  and  the  time  that  can  be  spared  to  the  elucidation  of  purely  scientific 
problems  is  limited. 

Nevertheless,  the  daily  work  of  the  surveyor  is  so  intimately  connected  with 
these  scientific  problems  that  year  by  year,  slowly  but  surely,  we  add  to  the  accu- 
mulation of  our  knowledge  of  the  sea. 
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The  followiDg  Papers  were  xead : — 

1.  On  Current  Polar  Exploration.     By  Col.  H.  W.  Feilden.' 


2.  On  a  Recent  Journey  in  the  Valley  of  the  Euphrates, 

By  D.  G.  HOQARTH. 

This  journey  tsiis  undertaken  for  aicb»olo^cal  reasons  in  order  to  see  whether 
remains  of  Boman  frontier  works  exist  on  the  right  hank  of  the  Euphrates  in  a  state 
of  preservation  similar  to  that  of  Severus's  road  to  MeHtene,  explored  by  Messrs. 
Hogarth  and  Munro  in  1891.  Mr.  Hogarth's  party  consisted  of  Messrs.  V.  W. 
Yorke  and  F.  W.  Green  and  Lord  Encombe. 

'  The  ereat  river  Euphrates '  was  seen  first  at  Khalfat.  Here  and  for  800  mUes 
up  it  can  be  crossed  only  by  ferry  boats  of  singularly  rude  construction ;  and  the 
process  of  crossing  with  horses  in  such  craft  is  exciting.  The  upper  course  of  the 
river  is  rarely  navigated  and  only  by  skin-rafts  and  swimmers  on  skins  partly  filled 
with  grain.  The  depth  and  precipitousness  of  its  gorge  cause  the  Euphrates  to  be 
a.  serious  barrier,  and  no  road  can  long  follow  either  bank.  From  Khalfat  to 
Samsat  the  party  had  to  cut  off  a  bend,  passing  through  villages  of  settled  Kurds, 
tamed  by  the  possession  of  agricultural  wealth,  and  imbued  through  contact  with 
Arabs  and  Syrians  with  orthodox  Islam.  Above  Samsat  the  gorge  soon  becomes 
impassable,  and  dangerous  rapids  begin.  The  party  made  straight  across  Taurus, 
meeting  great  difficulties  from  narrow  paths  on  precipices  and  soit  snow.  Descend- 
ing near  Malatia  they  made  their  way  past  the  junction  of  the  northern  and  eastern 
forks,  about  whose  names  and  respective  claim  to  be  the  main  stream  there  seems 
much  error  in  maps.  The  natives  call  the  northern  fork  Murad,  not  Kara  Su,  and 
consider  it  the  main  river.  The  name  I^at  is  known,  but  little  used.  North  of  the 
junction,  where  the  Kurdish  mountains  hang  over  the  left  bank,  the  scenery  is 
very  grand  indeed.    The  part^  continued  to  follow  the  river  up  to  Erzingan. 

'The  Kurds  here  are  heretical  and  wilder  than  in  the  south.  The  Armenians 
are  less  servile  than  ordinary,  but,  being  alive  to  the  religious,  social,  and  geo- 
graphical difficulties  in  the  way  of  independence,  would  gladly  be  lefl  alone  by 
agitators.  There  is  little  evidence  of  wanton  oppression,  least  for  religion's  sake. 
Less  is  heard  in  the  country  than  out  of  it  of  Kurdish  tyranny.  Armenians  are  well 
off  in  many  respects,  better  in  some  than  poor  Moslems.  Their  condition  is  not 
improved,  but  the  reverse,  by  irresponsible  and  otiose  expressions  of  sympathy  in 
Europe.  Geographical  considerations  go  far  to  preclude  Armenia  from  becoming 
again  a  nation.  Legionary  camps  were  found  at  Samosata  and  Satala,  but  none  at 
Melitene.  A  magnificent  Roman  bridge  exists  near  Kiakhta  and  ruins  of  others, 
but  no  milestones  or  roadway  connecting  frontier  forts,  two  of  which  were  dis- 
covered. The  reported  walls  along  the  bank  south  of  Taurus  were  found  to  consist 
of  ruins  of  an  aqueduct.  The  river  itself  formed  the  most  impassable  of  frontiers : 
it  might  well  have  seemed  that  the  angeUs  vial  must  be  poured  out  on  the  great 
river  Euphrates,  and  the  waters  thereof  dried  up  ere  the  way  of  the  kings  of  the 
East  could  be  prepared.  

3.  On  Eussian  Armenia,     By  Dr.  A.  Mabkoff.* 


4.  Montenegro,    By  W.  H.  Cozbns-Habdy. 

Montenegro,  since  the  Berlin  treaty,  has  nearly  doubled  in  area.  The  old 
Montenegro,  which  lies  near  the  sea,  is  made  np  of  bare  limestone  mountains  en- 
closing fertile  basins,  the  average  height  of  the  country  above  the  sea  being  2,000 
to  8,000  feet.  The  Zeta,  flowing  into  the  Lake  of  Scutari,  is  the  chief  river,  but 
thb  part  of  the  oountrv  is  almost  destitute  of  waller,  and  the  inhabitants  are  com- 
pelled to  store  snow  lor  drinking.    The  small  vUlage  of  Getinje,  which  forms  the 

»  Seat,  Oeog,  Mag.,  1894,  p.  465.  *  IHd,  p.  469.  . 
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capital,  lies  in  one  of  the  mountain  banns.  In  Jnly  1893  the  Montenegrins  cele- 
brated there  tbe  400th  anniversary  of  the  establismnent  of  the  earliest  Slavonic 
printing  press,  rot  ap  not  far  horn  Getmje  in  1493. 

In  tne  new  Montenegro  to  the  north  and  west  the  geographical  chancteristic» 
are  quite  distinct.  Grassy  downs,  dense  forests,  and  innumerable  moantain  streams 
are  K>und,  and  there  is  excellent  pasture  for  ^eep.  The  two  highest  mountains 
are  Eom  and  Durmitor,  which  are  edightly  under  9,000  feet  high. 

The  Montenegrins  are  divided  into  clans  and  communes,  and  possess  an  elabo- 
rate system  of  local  ^vemment.  At  present  Montenegro  is  emerging  from  an 
Homeric  state  of  society,  and  its  future  depends  on  the  ability  of  its  people  to 
adapt  themselves  to  less  warlike  pursuits. 


FRIDAY,  AUGUST  10. 

The  following  Papers  were  read : — 

1.  On  the  BcUhymetrical  Survey  of  the  FrencJi  Lakes. 
By  E.  Delebbcqub. 

As  the  result  of  the  author's  soundings  in  most  of  the  French  lakes,  he  has 
produced  a  series  of  sheets,  published  in  1892  and  1898  by  the  Minist^re  dea 
Travaux  Publics,  under  the  title  'Atlas  des  Lacs  Fran^ais.'  The  soundings  were 
in  erer^  case  made  by  means  of  a  steel  wire  mounted  on  a  graduated  drum,  th» 
revolutions  of  which  indicated  the  amount  of  wire  payed  out.  The  form  of  appa- 
ratus at  first  used  was  that  of  the  Swiss  Bureau  Topographique,  subsequently  that 
of  Belloc  was  employed,  but  finally  one  designed  by  the  author  and  only  weighing* 
4  kilogrammes  was  adopted.  The  position  of  each  sounding  was  determined,  either 
from  angular  measurements  of  the  graduated  mast  of  the  boat  taken  from  the 
shore,  or  by  sextant  bearings  of  objects  on  shore  taken  from  the  boat.  A  number 
of  lakes  have  been  sounded  more  roughly  than  those  laid  down  in  the  atlas,  and 
many  observations  of  temperature  and  of  the  chemical  composition  of  the  water 
have  been  made. 

The  atlas,  which  will  be  completed  by  the  addition  of  maps  of  several  lakes 
in  the  Jura  and  the  Pyrenees,  is  only  a  part  of  a  comprehensive  work  about  to  be 
published  by  the  author.  The  lakes  already  mapped  in  the  atlas  are  arranged  as 
follows : — 

PI.  1.  Lake  of  Geneva  (the  Swiss  part  sounded  by  M.  Homliman,  of  th» 
Bureau  Tonographique  F^^ial)  on  the  scale  ^^. 

PI.  2.  Lake  of  Bourget,  scale  ^ir^. 

PL  3.  Lake  of  Annecy,  scale  ^^hj^jj. 

PI.  4.  Lake  of  Aiguebelette  (Savoy),  scale  TirJinf 

PI.  5.  Lake  of  Paladru  (Is^re),  scale  xviTnr* 

PI.  6.  Lakes  of  Brenets,  St.  Point,  Romoray,  and  Malpas  (Doubs),  scale  Tvivv- 

PL  7.  Lakes  of  Nantua,  Sylans,  and  Genin  (Ain),  scale  n^ixnr* 

PL  8.  Lakes  of  Chalain,  IKbssus,  Dessous,  Marlay,  La  Motte,  Grand  Madu,  and 
Petit  Maclu  (Jura),  scale  Ynhns- 

PL  9.  Lakes  of  Safirey  and  Petit  Chat  (Isftre)  and  of  La  Girotte  (Savoy)^ 
scale  Tvvinr* 

PL  10.  Lakes  of  Issarl^  (Ard^he),  Bouchet  (Haute-Loire),  Pavin,  Chauvet, 
Qodivelle,  and  Tazanat  QPuy-de-Ddme),  scale  ruiisrs- 

In  all  cases  the  connguration  of  the  lakes  is  expressed  by  contour  lines  at 
intervals  of  6  or  10  metres,  and  the  position  of  each  sounding  is  shown  by  a  dot. 
It  was  impossible  to  add  the  land  contours  on  the  same  scale,  as  the  Frendi  staff- 
maps  do  not  show  them  with  sufficient  exactness* 
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2.  On  a  BcUhymetrical  Survey  of  the  English  Lakes. 
By  Hugh  Robert  Mill,  D.Sc.,  F.R.S.E. 

Ten  of  the  laigest  English  lakes  were  sounded  hj  the  author,  assisted  by  Mr* 
E.  Heawood,  Mr.  Shields,  ^nd  others,  and  the  final  tuscussion  of  the  work  enables 
the  following  tabular  statement  to  be  drawn  up : — 


Name 

"ti^' 

Breadth,  Yards 

Depth,  Feet 

Area, 
Square 
Miles 

Volnme, 

MiUioa 

CubicFeet 

Hax« 

Average 

Max. 

Average 

Windermere 
Ullswater. 
Wastwater 
Coniston  . 
Crammock 
Bnnerdale 
Bassenthwaite . 
Derwentwater  . 

Bnttermere 

10-50 
7-36 
300 
5-41 
2-60 
240 
383 
2-87 
2-33 
1-26 

1,610 

1,100 

880 

870 

1.000 

1,000 

1.300 

2,131 

600 

670 

950 
827 
650 
600 
700 
800 
950 
1,270 
405 
620 

219 

205 

268 

184 

144 

148 

70 

72 

103 

94 

78i 
83 
134i 
79 
87i 
62 
18 
18 

6-69 
3-44 
112 
1-89 
0-97 
112 
206 
206 
0-54 
0-36 

12.260 
7.870 
4.128 
4.000 
2.348 
1,978 
1,023 
1.010 
589 
637 

There  are  two  main  types  amongst  these  lakes,  the  shallow  and  the  deep.  The 
former,  including  only  Derwentwater  and  Bassenthwaite,  are  the  broadest  of  all 
the  lakes,  and  they  only  average  18  feet  in  depth.  The  bed  of  these  lakes  may  be 
roughly  described  as  an  undulating  plain,  grooved  and  ridged  into  shallow  hollows, 
and  low  shoals  running  parallel  to  the  long  axis  of  the  lake. 

The  second,  or  deep  type,  the  shallowest  of  which  has  an  average  dej^th  of 
40  feet,  comprises  all  the  other  lakes.  Ennerdale  combines  the  characteristics  of 
both  types,  conforming  to  the  deep  type  in  its  upper,  to  the  shallow  in  its  lower 
reach.  They  are  long,  narrow,  sometimes  winmng  like  Ullswater,  or  slightly 
curved  in  outline  like  Wastwater  and  Haweswater.  The  most  characteristic  lie  in 
long  narrow  valleys  with  steeply  sloping  sides,  and  the  slopes  are  continued  under 
water  with  almost  equal  steepness,  in  some  cases  with  greater  steepness,  and  termi- 
nate in  an  almost  flat  floor.  The  typical  form  of  this  class  of  lake  is  thus  a  steep- 
sided  flat-bottomed  trough,  diversified  along  the  slopes  by  iJie  still  steeper  conical 
mounds  of  dibru  thrown  down  at  the  mouths  of  streams. 


3.  On  the  Currents  of  the  FaerOe-Shetland  Cliannel  and  tJie  North  Sea.^ 
By  H.  N.  Dickson,  F.R.S.E. 

The  physical  observations  made  by  the  author  on  board  H.M.S. '  Jackal,'  om 
behalf  of  the  Fishery  Board  for  Scotland,  during  August  1803,'  were  continued  in 
November  1803,  and  in  February  and  May  1894.  Tua  unusual  atmospheric  con^ 
ditions  during  the  year  1803  probably  made  the  differences  of  temperature  observed 
greater  than  the  normal,  and  those  of  salinity  less,  at  least  during  the  earlier  part 
of  the  work.  The  discussion  of  the  observations  leads  to  the  following  provisional 
conclusions : — 

1.  While  the  Atlantic  current  flowing  over  the  W^ville-Thomson  ridge  attains 
its  maximum  velocity  in  winter,  its  speed  is  maintained  during  summer  by  the 
ffi  eater  warmth  of  the  upper  layers  of  water  in  the  Atlantic,  and  consequent  higher 
level  of  the  surface  of  that  ocean  compared  wiUi  the  Norwegian  Sea.  Passing 
over  the  ridge^  the  Atlantic  current  is  cooled  by  mixture  with  the  cold  water  of 

*  The  paper  is  published  in  the  Iteport  nf  the  FUhery  Board  for  Sentland,  1894. 
'  Brit.  Aisoc.  Report,  1893,  p.  835. 
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the  Norwegian  Sea  lying  at  the  bottom  of  the  Faeroe-Shetland  Channel,  and  loses 
its  horizontal  motion.  The  warmer  the  Atlantic  current,  the  more  rapidly  does 
this  mixture  take  place.  Hence  in  a  hot,  windless  summer  a  mass  of  Atlantic 
water,  extending  to  a  great  depth,  tends  to  collect  cm  the  northern  and  north- 
western edffe  of  the  North  Sea  bank. 

2.  At  all  seasons  Atlantic  water  is  drawn  from  the  Faeroe-Shetland  Chann^ 
and  forced  into  the  North  Sea  by  the  tides  between  Orkney  and  Shetland.  The 
tidal  streams  run  N.  W.  and  S.E.,  and  an  eddy  is  formed  to  the  north-west  of  the 
Orkneys,  into  which  North  Sea  water  is  drawn,  and  perhaps  also  water  from, 
below. 

8.  As  the  season  advances  the  surface  water  of  the  North  Sea  becomes  warmer, 
the  upper  layers  probably  receive  smaller  supnlies  of  fre^  water,  but  they  become 
specifically  lighter  than  the  under  layers,  which  they  protect  from  the  warming 
influences  of  the  atmosphere.  The  upper  layers  becoming  ultimately  warmer 
than  the  Atlantic  current,  the  surface  or  the  North  Sea  becomes  higher,  and  the 
surface  water  spreads  outwards  into  the  Faeroe-Shetland  Qiannel,  checking  the 
surface  8up|)ly  of  Atlantic  water. 

Meanwhile,  the  mass  of  Atlantic  water,  collecting  at  the  edge  of  the  North  Sea 
Bank,  seeks  entrance  into  the  North  Sea.  Mixing  with  the  cold  bottom  water 
already  there,  it  increases  its  salinity,  but  reduces  its  specific  gravity  by  wanning 
it,  and,  at  a  certain  stage  of  mixture,  the  temperatures  and  salinities  of  the  two 
waters  combine  to  form  a  ridge  or  axis  of  maximum  specific  gravity.  This  axis, 
which  probably  runs  N.E.  from  Shetland  in  the  end  of  May  or  m  June,  turns 
slowly  toward  a  N.  to  S.  direction,  and  moves  eastward.  As  it  retreats,  Atlantic 
water  is  gradually  admitted  round  the  north  end  of  the  Shetlands,  passes  down 
the  east  side  of  the  groups,  joins  the  tidal  stream  at  the  south  end,  ana,  guided  by 
the  axis  of  heavy  water,  is  distributed  along  the  east  coast  of  Scotland,  probably 
during  July  and  Au^t.  Later  in  the  summer,  as  the  axis  retreats  still  further, 
the  Atlantic  water  is  probably  distributed  more  towards  the  eastward,  perhaps 
until  the  latter  part  of  September,  when  the  diminishing  supply  from  the  Faeriie 
Channel,  and  the  increasing  outflow  from  the  eastern  side  of  the  North  Sea,  bring 
about  a  gradual  return  to  the  conditions  with  which  we  started. 

Obviously  the  controlling  conditions  are  complex,  but  it  appears  that  the  greater 
the  winter  cold  and  the  spring  supply  of  ice-cold  water  from  the  continent,  the 
more  slowly  will  Atlantic  water  penetrate  into  the  North  Sea  below  the  surface ; 
and  the  warmer  the  summer,  the  more  will  the  surface  supply  be  checked.  At  the 
same  time,  the  warmer  the  summer  the  larger  the  quantity  of  Atlantic  water 
seeking  admission,  and  the  greater  its  thermal  power  to  drive  back  the  axis  of 
maximum  weight. 


4.  On  Geographical  Photography.    By  John  Thomson. 

The  paper  dealt  with  the  difiiculties  experienced  by  travellers  in  the  use  of 
pliotography  as  an  aid  to  exploration.  The  purposes  of  pihotography  referred  to 
did  not  include  surveying,  but  merely  the  production  of  pictures  showing  ethno- 
graphic types,  characteristic  scenery  from  the  geographical  rather  than  the  artistic 
point  of  view,  and  the  details  of  artificial  structures. 

The  necessity  of  proper  training  in  the  principles  as  well  as  the  practical 
methods  of  photography  was  insisted  on.  Practical  hints  were  given  for  the  pre- 
servation and  use  of  dry-plates,  and  for  the  successful  development  of  negatives  in 
tropical  countries. 

A  series  of  travellers',  photographs  illustrating  the  excellences  and  the  defects 
of  such  work  was  shown  by  the  lantern. 
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5.  A  Neio  Light  on  the  Discovery  of  America, 
By  H.  Yule  Oldham,  Jf.il.,  F,R,G,S. 

The  developmeiit  of  America  has  had  such  a  vital  effect  on  the  British  Isles — 
remoTuig  them  from  an  obscure  situatit)n  on  the  outskirts  of  the  known  world  to 
their  true  geographical  position  as  the  centre  of  the  land  masses  of  the  globe — that 
eyerything  refitting  to  its  discovery  is  of  exceptional  interest. 

it  is  now  well  Known  that  Columbus's  famous  voyage  in  a.d.  1492  opened  the 
way  to  the  settlement  of  the  New  World.  It  is  not  so  weU  known  that  it  had 
been  visited  before  his  time. 

A  glance  at  the  map  of  the  Atlantic  Ocean  will  show  the  three  easiest  points 
of  access. 

(1)  North  America,  by  means  of  the  convenient  stepping-stones,  Iceland  and 
Oreeidand. 

(2)  Central  America,  with  the  help  of  the  steady  N.E.  trade-winds. 

(8)  Brazil,  in  South  America,  which  lb  not  only  the  nearest  point  to  the  Old 
World,  but  has  the  additional  advantage  of  winds  and  currents  tending  in  its 
direction. 

There  can  be  little  doubt  that  America  was  visited  by  Norsemen  about  A.i).  1000 
by  the  first  route.  Tradition  and  the  records  of  some  early  maps,  which  show 
lawe  land  masses  as  far  west  of  the  Azores  as  they  are  west  of  Europe,  seem  to 
indicate  that  the  second  route  had  been  possibly  utilised  early  in  the  fifteenth 
century,  but  the  third  and  easiest  was  not  available  till  the  West  African  coast  as 
far  as  Cape  Verde  had  been  discovered. 

It  was  iu  A.D.  1445  that  Cape  Verde  was  for  the  first  time  rounded  by  one  of 
the  exploring  expeditions  despatched  from  Portug^  by  the  indefatigable  Prince 
Henry. 

There  is  good  reason  to  believe  that  only  two  yean  later  Brazil  was  reached. 

At  that  |)eriod  great  activity  prevailed  in  Portugal ;  a  large  and  increasing 
number  of  ships  were  yearly  despatched  along  the  West  African  coast.  Nothing 
is  less  improbaole  than  that  one  of  these  vessels  should  have  been  carried  out  to 
sea  and  driven  to  the  coast  of  Brazil ;  and  to  show  that  this  actually  occurred  we 
have  documentary  evidence. 

There  is  at  Milan  a  remarkable  manuscript  map,  dated  a.d.  1448,  drawn  by 
Andrea  Bianco,  of  Venice,  one  of  the  best  known  of  tne  map-makers,  who  worked 
in  the  first  half  of  the  fifteenth  century.  On  this  map  are  shown  for  the  first 
time  the  results  of  the  Portuguese  discoveries  as  far  ss  Cape  Verde ;  but  in  addition 
there  is  drawn  at  the  edge  of  the  map,  south-west  from  toat  cape,  in  the  direction 
of  Brazil,  a  long  stretch  of  coast  line  labelled  *  Authentic  Island,'  with  a  further 
inscription  to  the  effect  that  it  stretches  '  1,600  miles  westwards.'  Such  a  name 
and  inscription  are  quite  exceptional  on  maps  of  this  kind,  and  must  have  been  due 
to  definite  informatioD. 

Antonio  Galvano  in  *The  Discoveries  of  the  World,' published  in  the  middle 
of  the  sixteenth  century,  says  that  in  a.d.  1447  a  Portugiiese  ship  was  carried  by  a 
mat  tempest  far  westwards  until  an  island  was  discovered,  from  which  gold  was 
brought  back  to  Portugal. 

As  Bianco's  map  of  a.j>.  1448  was  made  in  London,  it  is  likely  that  it  represents 
information  about  this  voyage  derived  in  Portugal,  where  Bianco  probably  called 
on  a  voyage  from  Venice  to  England. 

The  conclusion  to  be  drawn  is  that  South  America  was  first  seen  in  the  very 
year  in  which  Columbus  is  believed  to  have  been  bom  by  one  of  the  Portuguese 
explorers  despatched  by  Prince  Henry  the  Navigator. 


6.  Explorations  in  the  Sierra  Madre  of  Mexico.  By  Osbbbt  H.  Howabth, 

A  comparison  is  made  of  physical  features  common  to  the  whole  western  range 
of  North  America  from  Oregon  to  Guatemala,  illustrated  by  dides,  and  by  notes 
from  other  ranges  of  great  extent,  e.g,j  the  Great  Atlas  and  the  Caucasus,  . 
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The  meaDS  and  incidents  of  travel  in  the  Mexican  ranges  described  and  com- 
pared with  those  of  the  Rocky  Mountains  and  Sierra  Nevada. 

The  variations  of  climate  in  the  Sierra  Madre,  and  their  effect  upon  mountain 
dwellers  and  their  habits  and  industries,  including  certain  of  the  isolated  Indian 
tribes  and  the  cave-dwellers  of  Sonora  and  Chihuahua,  are  illustrated  by  author*9 
experiences  in  crossing  the  main  range  in  Sonora,  Sinaloa,  and  Michoacan, 
compared  with  similar  experiences  in  Oregon,  Colorado,  New  Mexico,  and 
California. 

The  probable  source  of  origin  of  Sierra  Madre  races,  vis.,  North  American, 
South  American,  and  Asiatic,  is  discussed  and  illustrated  by  descriotion  of  varioii» 
antiquities,  including  villages,  tombs,  cave  fortifications,  and  gardens,  discovered 
or  visited  by  author. 

Incidents  are  given  showing  the  gradual  fusion  of  these  races  into  the  existing 
Mexican  nation  of  to-day,  and  the  extent  to  which  a  few  families  still  remain 
unabsorbed ;  as  in  the  case  of  the  Apaches  in  Sonora,  the  Cota  Indians  in  Durango, 
and  the  Zapotecas  of  the  Tehuantepec  Isthmus. 

Certain  peculiarities  in  the  geological  structure,  vegetable  productions,  and 
fauna  of  the  Sierra  Madre  are  noted,  together  with  legends  and  traditions  amongst 
the  primitive  inhabitants  arising  out  of  Known  facts  connected  with  them. 

The  extent  of  mountain  country  in  Western  Mexico  stiU  practically  unexplored 
is  shown  by  comparison  with  modem  maps,  which  are  entirely  vag^e  and  im» 
perfect  in  erery  instance,  excepting  where  the  State  authorities  have  made  some 
attempt  at  actual  survey,  owin^  to  the  necessity  of  defining  mining  claims. 

The  watersheds  and  their  discharges  are  pointed  out,  with  general  description 
of  the  great  lakes  of  ChapaU,  Patzcuaro,  and  Cuitzeo. 

Also  some  description  of  the  pine  forests  above  the  timber-line,  the  summit9 
above  snow-line  (compared  with  those  of  North  America),  and  the  present  seat» 
of  volcanic  activity,  and  theb  relation  to  seismic  disturbance  along  the  Pacific 
coast. 

The  author^s  view  is  given  as  to  the  structural  history  of  the  western  coast- 
line, and  the  very  slight  changes  which  have  probably  occurred  in  it  since  the 
Palaoozoic  period. 


MONDAY,  AUGUST  13. 

The  foUowmg  Papers  and  Report  were  read : — 

\.  On  a  Vint  to  British  New  Guinea^    By  Miss  Frances  Baildox. 

The  author  and  her  brother  visited  British  New  Guinea  in  I89I  as  guests  of 
the  Eev.  J.  Chalmers,  the  well-known  missionsry.  They  reached  Port  Moresby  in 
a  Queensland  Government  schooner  of  sixty-eight  tons  register  on  August  15,  and 
after  a  short  stay  continued  this  journey  westward  for  160  miles  to  Motu-motu^ 
where  the  native  villages  were  visited.  A  canoe  voyage  was  then  undertaken  to 
the  inland  village  of  Movi-avi,  where  the  natives  were  suspicious  and  dangerous. 
After  returning  to  Port  Moresby  by  the  same  route  a  visit  was  paid  to  Eerepuna, 
and  Hood  Bay  was  left  for  CooKtown  in  Queensland  on  Septemoer  2. 


2.  Beport  of  the  Committee  on  tlie  Climaiclogy  of  Africa, 
See  Reports,  p.  348. 


Z,  Ona  Journey  in  the  Libyan  Desert.    By  H.  Weld  Blundell.* 


>  Scottish  Geographical  Magaxine^  1894,  p.  472. 
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On  Bhutan  and  the  Himalayas  east  of  Darjiling, 
By  Col.  H.  Godwin- AusTBN,  F.B,S. 


5.  On  the  beat  MetJiod  of  Aiming  at  Uniformity  in  the  Spelling  of 
Place-names,    By  G.  G.  Chisholm,  M.A,^  B.Sc. 

The  purpose  of  this  paper  is  to  show  in  the  first  place  that  the  indispensable 
preliminary  requirement  with  a  view  to  the  end  stated  is  to  have  an  adequate 
scheme  of  orthofrraphvi  not  adequate  in  the  sense  of  providing  a  separate  sign  for 
all  articulate  sounds,  hat  through  making  up  for  the  deficiency  oi  such  signs  by 
clear  rules  to  be  followed  with  respect  to  the  sounds  for  which  signs  are  lacking. 
To  leave  it  to  the  individual  judgment  to  decide  what  is  the  nearest  sound  repre- 
sented in  the  scheme  to  one  for  which  no  express  provision  is  made  is  bound  to 
lead  to  confusion.  The  inadequacy  of  the  latest  version  of  the  Royal  Geographical 
Society's  scheme  from  this  point  of  view  is  tben  pointed  out,  and  suggestions  of 
remedies  are  made.  It  is  contended  that  the  recognition  of  customary  spellings 
under  Rules  2  and  7  of  that  scheme,  reasonable  and  indeed  inevitable  as  such 
recognition  is,  imperatively  demands  the  drawing  up  of  schedules  of  such  recog- 
nised spellings  as  supplements  to  the  scheme.  Tne  addition  of  some  subordinate 
rules  likely  to  promote  the  efficiency  with  which  the  scheme  is  carried  out  is  next 
recommended.  Attention  is  drawn  to  special  difficulties  in  connection  with 
Russian  and  Greek  names,  and  reasons  are  given  for  entertaining  the  hope  that, 
with  the  aid  of  Oriental  scholars,  special  rules  might  usefully  be  framed  with  re- 
gard to  ihe  spelling  of  Chinese  and  Indo-Chinese  names.  Finally,  it  b  urged 
that,  once  an  adequate  scheme  adequately  expounded  is  adopted,  it  would  be  of 
great  importance  to  make  special  arrangements  to  secure  the  co-operation  of  all 
contributors  to  tbe  '  Geographical  Journal '  and  other  geographical  periodicals,  of 
publishers  and  authors,  and,  above  all,  of  the  newspaper  Press,  towards  getting  the 
flcheme  carried  out. 


TUESDAY,  AUGUST  14. 
The  following  Papers  and  Reports  were  read : — 
1.  On  Researches  by  the  Prince  of  Monaco  in  the  North  Atlantic  and 
Mediterranean  during  the  Summer  ^1894.     By  J.  Y.  Buchanan,  F.E.S,^ 


2.  Report  of  the  Committee  on  Observations  in  South  Georgia  or  other 
Antarctic  Island. — See  Reports,  p.  358. 


3.  On  the  Jacksor^Harmsworth  Arctic  Expedition, 

By  A.  MONTEFIORE. 


4.  On  the  Geographical  and  Bathymstrical  Distribution  of  Marine 
Organisms.    By  John  Murray,  LL.D. 


5.  Report  of  the  Committee  on  the  Exploration  of  Hadramout, 
See  Reports,  p.  354. 


>  Oeiigraphieal  Journal,  1894,  p.  868. 
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[6.  On  the  Geography  of  Lower  Nuhia,    Sy  Sombrs  Clarkb,  FJS,A. 

The  paper  was  cbiefly  confined  to  tbat  part  of  Lower  Nubia  which  will  be 
flooded  by  the  proposed  Nile  reservoir.  The  difference  in  size  and  colour-effect  of 
the  Bcenery  in  the  valley  of  the  Nile  above  and  below  Assuan  were  noticed.  The 
Wadi  Eenus,  the  abode  of  the  Beni  Eend  tribe,  is  nearlv  coincident  with  the  pro- 
jected Nile  reservoir,  and  if  the  proposed  scheme  is  carried  out  the  population  to 
De  displaced  numbers  about  30,000,  inhabiting  a  cultivated  area  of  some  10,000 
square  acres  (?).  Population  in  the  Ptolemaic  times  must  have  been  j^reater,  as 
there  are  tracts  about  Eorti  and  Dakkeh,  once  under  cultivation,  now  abandoned. 
In  tlie  Dodeka^Schoenus  there  are  a  number  of  temples  and  remains  of  antiquity 
within  the  district  thus  named,  a  further  proof  of  considerable  population ;  and  the 
district  is  protected  by  a  line  of  forts,  some  of  very  high  antiquity,  some  of  later 
date.  The  existence  of  Egyptian  civilisation  side  by  side  with  the  ruder  customs 
of  the  natives  is  especially  to  be  observed  in  the  method  of  buriaL  The  present 
inhabitants  on  the  course  of  the  Nile  valley  from  Assuan  to  Wadi  Haifa  exhibit 
very  dight  yariations  in  modes  of  dress,  particularly  among  the  women.  Men  go 
to  Cairo,  women  stop  in  the  villages,  so  that  the  men  Mopt  ordinary  dress  of 
fellaheen  in  Egypt. 

TLe  manner  of  building  houses  from  lumps  of  earth,  crude  brick,  with  flat 
wooden  or  vaulted  brick  roofs  constructed  in  the  same  way  as  those  used  by  the 
ancient  Egyptians  was  noticed.    Reed  shelters  are  also  in  use. 

Not  only  the  unique  antiquities  but  the  present  people,  with  all  life,  animal  and 
vegetable  alike,  are  affected  by  the  projected  reservoir.  In  view  of  the  contem* 
plated  destruction  it  is  of  the  utmost  importance  to  make  an  exhaustive  scientific 
investigation  of  the  valley  before  it  is  su emerged. 


7.  On  a  I^ew  BepreaerUoHon  of  the  Vertical  RelieJ  of  the  British  Ides. 
By  B.  V.  Darbibhire. 
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Section  F.— ECONOMIC  SCIENCE  AND  STATISTICS. 
Peeudent  07  THB  Sbction — ^Professor  C.  F.  Babtable,  M.A.,  F.8.S. 


THURSDAY,  AUGUST  9. 
The  President  delivered  the  foUowiDg  Address: — 

Thb  long  period  that  has  ekpsed  since  the  British  Association  last  met  in 
Oxford,  covering  as  it  does  the  me  of  an  entire  generation  remarkable  for  activity 
in  all  departments  of  scientific  work,  would  of  itself  suggest  at  least  some  passing 
notice  of  the  changes  that  have  taken  place,  and  the  progress  realised  in  the  sub- 
jects  assigned  to  this  section. 

But  some  spedal  reasons  combine  to  give  increased  interest  to  a  comparison 
between  the  position  bf  economic  science  in  1860  and  at  the  present  day.  What 
is  usually  known  as  orthodox  political  economy  had  taken  its  final  shape  and 
reached  its  hi^ffaest  point  of  practical  influence  just  at  the  time  when  Nassau  W. 
Senior,  one  of  its  most  typical  expositors,  was  chosen  to  preside  over  Section  F.  at 
its  first  meetinff  here.  JPar  better  even  than  J.  S.  Mill,  Senior  represented  the 
strong  and  weak  points  of  the  English  school.  Clearness  of  thought,  a  firm  grasp 
of  elementary  principles,  and  complete  freedom  from  the .  disturbing  influence  of 
sentiment,  are  distinguidiing  marks  of  the  compact  treatise  in  which  he  set  forth 
the  chief  doctrines  of  Economics,  and  the^r  are  equally  shown  in  his  presidential 
address.  Political  economy,'  he  maintains,  is  a  science  and  nothing  else,  limited  in 
its  scope  to  the  subject  of  wealth,  and  concerned  rather  with  mental  than  with 
physical  phenomena.  This  very  precision  and  rigid  limitation  naturally  tended 
to  produce  some  of  the  less  admirable  characteristics  of  the  normal  apolitical 
economist.'  Undue  inmstenoe  on  the  omnipotence  of  purely  material  motives,  a  < 
somewhat  cynical  disregard  of  the  moral  forces  that  influence  human  action  in 
resj^t  to  wealth,  and  a  certain  love  of  paradox,  especially  in  cases  where  popular 
preiudice  was  concerned,  may  be  traced  in  Senior's  writings  as  in  those  of  most 
of  his  contemporaries,  and  go  far  to  account  for  the  intense  repugnance  felt  by 
moralists  and  social  reformers  for  a  system  which  confined  itself  to  one,  and  that 
which  they  deemed  the  lowest  and  coarsest  side  of  human  life. 

Such  as  it  was,  however,  with,  and  in  part  by  reason  of,  its  definiteness  and  its 
narrowness,  political  economy  commandea  the  respect  of  a  large  section  of  the 
public  and  of  its  instructors  and  guides  in  the  Press,  who  looked  on  it  as  supplying 
a  rational  code  of  industrial  and  commercial  conduct.  'The  recognised  principles 
of  political  economy,'  or  '  the  immutable  laws  of  supply  and  demand,'  were  phrases 
that  occurred  as  readilv  to  a  journalist  in  the  sixties  as  '  the  exploded  doctrine  of 
laisser  /aire '  does  to  tne  leader-writer  of  to*day.  The  scientific  doctrine  of  the 
economist  applied  to  practice  became  the  guiding  rule  of  the  practical  man  of 
business.  Its  influence  on  legislation  is  strikingly  shown  by  two  important 
triumphs  gained  in  this  very  year  (1860).  The  first  and  most  enduring  was  the 
full  and  complete  establishment  of  free  trade  as  the  basis  of  the  fiscal  policy  of 
the  United  Kingdom  by  the  budget  measures  of  the  year;  the  second,  though 
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tranaent,  ib  eTen  more  instnictiye  for  our  present  purpose — tIz.,  the  declaration. 
In  Oardwell's  Irish  Land  Act,  that  for  the  future  tenancies  should  rest  'on 
contract  and  not  on  tenure/  so  that  the  relation  between  letters  and  hirers  of  land 
was  reduced  to  a  purely  commercial  one  subject  to  the  law  of  the  market,  and 
released,  so  far  as  legislation  could  secure  that  result,  from  all  influence  of  senti- 
ment or  custom. 

In  such  a  condition  of  apparent  prosperity,  it  was  hardly  likely  that  any 
apprehensions  should  be  felt  as  to  the  future  of  economic  study,  and  accordingly 
no  ngns  of  misgiving  are  to  be  found  in  Senior's  brief  but  emphatic  statements. 
His  sole  complaint  is  directed  against  the  unfortunate  tendency  on  the  part  of 
•contributors  of  papers  to  wander  from  the  region  of  science  into  that  of  art  or 
practice,  to  the  neglect  of  their  proper  subject,  which  afforded  a  sufficiently  ample 
fleld  for  fruitful  inquiries. 

I  need  not  saj  that  this  attitude  of  calm  and  assured  confidence  did  not  long 
continue,  and  it  is  equally  unnecessary  to  attempt  any  description  of  the  series  of 
revolts  against  both  the  strict  theoretical  doctrines  and  some  of  the  practical  con- 
clusions of  the  classical  economy.  Abundant  information  as  to  the  leading  phases 
of  the  movement  and  the  chief  actors  therein  is  supplied  in  works  so  well  known 
that  any  summary  of  their  contents  could  be  onlj  the  merest  commonplace.^  As 
aflbrding  a  starting-point  for  further  discussion  I  may,  however,  remark  that 
three  causes  have  most  effectively  operated  in  bringincr  about  the  changed  position 
of  our  science — viz.  (1)  The  influence  of  foreign,  and  chiefly  German,  workers  in 
the  same  field ;  (2)  the  profound  though  peaceful  political  revolution  by  which 
power  has  been  transferred  to  the  working  classes ;  and  (8)  the  growth  of  the 
doctrine  of  evolution,  which  has  been  perhaps  more  potent  in  its  efiecta  on  the 
social  than  even  on  the  biological  sciences. 

As  regards  the  first  point,  there  is  no  room  for  doubt  or  question.  With  the 
•exception  of  Say  and  Bastiat — ^who  were  chiefly  valued  as  popularisors  of  English 
opinions — ^no  foreign  economist  was  at  all  known  in  England  before  the  last  thirty 
years.  The  mere  suggestion  that  we  had  anything  to  learn  from  Germany, 
boUand,  or  Italy  would  have  appeared  ludicrous  to  Senior  or  McGulloch,  or. 
Indeed,  to  the  educated  public'  The  true  position  of  the  foreigner  was  that  of  the 
humble  disciple  accepting  gladly  orthodox  English  teaching.  This  insularity  of 
tone  undoubtedly  retardra  progress  in  all  departments  of  economics,  but  its  evil 
•effect  was  greatest  in  preventing  any  thorough  oonrnderation  of  the  social  and 
political  groundwork  on  which  all  systems  of  economy  rest,  and  to  which  all 
•economic  theories  must,  if  they  are  to  be  enduring,  pay  adequate  attention.  The 
■great  and  saving  merit  of  German  economic  investigation  lies  in  its  unreserved 
Acceptance  of  this  fundamental  fiMst,  and  it  was  in  this  very  point  that  our  English 
predecessors  most  signally  failed.  We  should  have  escaped  much  narrowness  and 
•onesidedness  of  view  if  our  writers  had  sought  to  understand  and  appreciate  the 
Continental  conception  of  the  political  sciences  as  an  ortranised  group  of  studies. 
Nor  is  it  quite  clear  that  this  just  ground  of  complaint  has  been  altogether 
removed.  Admirable  efforts  have  been  made  by  Leslie  and  others  to  diffuse  a 
rgeneral  knowledge  of  the  labours  of  the  historical  school,  and  our  principal  text- 
boolra  no  longer  pass  over  in  silence  the  weighty  contributions  of  foreign  writers  to 
special  points  or  doctrine.  Amon^  professed  students  and  teachers  of  economics 
there  is  a  considerable  and  growing  acquaintance  with  the  products  of  foreign 
-tiiought.  Tet  it  seems  as  if  the  best  lesson  that  thev  convey  has  not  been 
llioroughly  laid  to  heart,  and  that  most  of  our  attention  has  been  directed  to  one 
particular  school  which  makes  the  nearest  approach  to  English  methods,  and  is 
therefore  least  likely  to  help  in  correcting  our  peculiar  fiulings.  Is  it  not  some- 
what curious — ^might  I  not  say  discreditable — ^that  the  works  of  the  eminent 
Roflcher,  whose  loss  every  student  of  economic  and  political  science  must  deplore, 

^  Dr.  Ingram's  Hittary  of  Political  EeoTwmy  (1888),  pp.  221-236,  and  Professor 
Foxwell's  letter  on  *  The  Eoonomic  Movement  in  England/  Quarterly  Journal  of 
Economics,  October  1887  (vol.  ii.  pp.  84-103),  may  be  partipularly  referred  to, 

'  'Political  economy,'  said  Professor  Huxley  in  1868,  *is  an  intensely  Anglican 
science.' — Lay  Sermons,  p.  48. 


Digitized  by  VjOOQIC 


TRANSAOriONS  OF  SECTION  F.  721 

hwe  found  no  Englisli  translator  or  even  effective  imitator?^  Other  instances 
neirly  as  glaring  might  be  mentioned,  leading  to  the  general  reuult  that  the 
distmctive  differences  of  the  English  mode  of  treadng  economics  are  not  sufficiently 
recctfnised,  and  further  progress  is  for  the  time  hindered. 

Licreased  political  power  obtained  hj  the  class  of  manual  workers  has  most 
markedly  altered  the  prevalent  tone  of  thought  on  industrial  questions,  and,  if  it 
has  not  caused,  has  at  all  events  coincided  witH  the  adoption  of  more  tolerant 
views  respecting  the  effect  of  labour  comHnations.  Fuller  analysis  has  shown  that 
the  consequences  of  economic  action  are  far  more  complex  and  more  affected  by 
surrounding  conditions  than  upholders  of  the  orthodox  doctrines  were  willing  to 
admit ;  but  this  modification  in  theory  has  been  guided  by  the  urgent  pressure 
of  non-expert  opinion.  It  needed  a  very  hard  struggle  to  secure  due  recognition 
of  the  elements  of  truth  in  the  trade-union  position  as  to  the  determination  of 
wages.  But  the  mere  substitution  of  '  working  class '  for  *  middle  class  *  doffma 
would  not  indicate  any  scientific  advance.  It  is  rather  in  the  evidence  of  the  dose 
connection  of  economic  facts  with  other  forms  of  social  activity  that  the  true 
importance  of  the  change  consists.  It  is  henceforth  clear  that  no  interpretatlnn  nf 
industrial  or  other  economic  phenomeD&~can  clam^.ta  heLiidpn"t>te  nnlees  it  takea^ 
""Into  acco'unl  the  particular  lorms  of  social  structure  and  the  special  political 
conditions  which  hav6  helped  to  produce  them._^  '     "  *" 

non^  urolblUld  aud  i^-imchiug,bbth  in  its'actual  effects  and  in  it«  still  greater 

Coise  tor  the  future,  was  the  appearance  of  the  principle  of  evolution,  that 
me  an  active  force  from  1859.  Its  immediate  influence  m  one  branch  of  social 
study  is  well  shown  in  the  reception  given  to  Maine's  '  Ancient  Law ; '  and  though 
the  economists  did  not  at  once  recognise  the  full  import  of  the  method  in  respect  to 
their  own  department  of  work,  they  saw  its  value  in  some  special  points,  and 
thereby  ^ave  an  opening  for  its  further  and  more  extenave  employment.'  The 
most  obvious  of  the  services  that  the  new  conception  rendered  was  in  brining  out 
the  general  similarity  of  the  various  sciences  dealing  with  man,  which  again  mada 
examination  of  the  bonds  joining  economics  to  the  related  subjects  a  more 
prominent  object.  Just  as  in  biology  the  older  inelastic  views  as  to  the  nature  of 
species  and  types  gave  way  before  the  idea  of  innumerable  gradations  and 
transitional  forms,  so  rigidity  of  definition  and  isolation  of  the  study  of  wealth 
became  no  longer  possible.  Economic  problems  were  found  to  be  in  contact  at 
many  points  with  social  and  political  ones,  and  even  within  the  artificially  limited 
field  of  economics  maintenance  of  the  sharp  lines  between  ^capital'  and  'non- 
capital,^ between  *  rent'  and  *  interest,'  between  '  currency '  and  '  credit,'  presented 
dimculties  in  face  of  the  complexities  of  real  life.' 

Thus  the  disposition  to  take  a  broader  view  of  the  subject,  and  to  widen  the 
general  conceptions  and  the  'setting'  in  which  the  received  economic  doctrines 
were  presented,  was  encouraged  by  a  series  of  influences  operating  in  the  same- 
direction,  and  which,  taken  together,  have  left  no  inconsiderable  mark  on  the- 
actual  condition  of  the  science.  The  severest  critic  of  the  current  political 
economy  cannot,  without  unfairness,  refuse  to  admit  the  improvement  in  tone,  the- 
greater  thoroughness  in  the  investigation  of  economic  problems,  and  the  wider- 
range  imdertaken  by  the  latest  work  of  the  English  school  Much  that  was 
misleading  or  positively  erroneous  has  been  removed,  and  many  valuable  additions- 
have  been  made  to  that  part  of  the  older  system  which  has  successfully  stood  the 
test  of  hostile  examination.  There  is,  besides,  ample  opportunity  afforded  for 
carrying  on  the  work  of  reconstruction ;  indeed,  it  is  chiefly  because  any  suggestions, 
no  Qiatter  how  crude  or  imperfectly  thought  out,  are  likely  to  receive  fair  and  candid 
consideration  that  I  venture  to  notice  some  of  the  respects  in  which  the  revised 

'  The  Orvndloffm,  the  least  characteristic  and  original  of  Roscher's  works,  has 
been  translated  in  America,  but  the  other  volumes  of  hiiB '  Syttem '  and  his  remaining 
writings  are  inaccessible  to  the  English  student. 

'  See  J.  8.  Mill's  Prineiples,  Book  II.,  chap.  ii.  §  an,  and  Caimes'  Political  JBtsays, 
p.  154»  for  recognition  of  Maine's  services.  But  to  the  end  neither  seemed  to 
understand  the  real  bearing  of  the  evolutionary  mode  of  thought. 

'  See  Marshairs  Principles,  Preface,  pp.  vi.-x.,  on  this  point. 
1894.  r  -    Z  Jl^i 
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and  amended  economic  doctrinoi  as  it  appears  to-daj,  seems  to  require  further 
expan^on  and  readjustment. 

In  the  first  place  I  cannot  feel  that  there  is  an^  adequate  expression  of  the 
ultimate  dependence  of  economics  on  that  larger  subject  of  study  which  treats  of 
society  as  a  whole.  It  is  no  doubt  true  that  our  leading  economists  state  very 
distinctly  the  great  importance  of  a  science  of  society  could  it  only  be  brought  into 
a  healthful  existence ;  out  such  general  confessions  lose  most  of  their  value  when 
accompanied  by  a  very  pronounced  scepticism  as  to  the  establishment  in  the  present 
or  near  future  of  any  sec  of  doctrines  worthy  of  the  name  of  sociology.^  The  yery 
danger  of  this  attitude  lies  in  the  &ct  that  in  one  way  it  is  so  undeniably  correct. 
When  some  of  the  more  vehement  assailants  of  the  old  political  economy  sought 
to  contrast  it  to  its  disadvantage  with  a  supposed  social  science  into  which  it  was 
to  be  absorbed,  it  was  very  natural  to  reply  that  political  economy,  however  defec- 
tive, was  a  fact,  while  sociology '  was  best  described  as  an  aspiration.'  There  was 
no  difficulty  in  showing  that  tne  so-called  systems  of  sociology  consisted  of  imper- 
fectly collated  facts  and  daring — often  most  unlucky — ^guesses  as  to  the  course  of 
future  events.  The  strict  economist  stood  on  very  safe  ground  in  contending 
against  the  dogpmatism  of  the  *  Positive  Polity  J  But  though  the  best  attempts  at  a 
systematic  treatment  of  social  science  have  hitherto  been  grossly  defective,  this 
affords  no  excuse  for  neglecting  a  statement  and  analysis  of  the  fundamental  con- 
ceptions appropriate  to  social  study  and  presupposed  in  all  more  special  inquiries. 

Political  economy,  like  jurisprudence  or  political  science  proper,  requires  as  its 
basis  a  fairly  accurate  comprehension  of  these  preliminary  parts  of  sociology.  The 
questions — '  What  is  a  society  P '  '  What  are  the  conditions  necessary  for  its  ex- 
istence P '  *  In  what  manner  the  chief  social  structures  are  produced  P ' — and  noany 
others  of  the  same  class  should,  I  believe,  be  discussed  as  an  introduction  to  the 
narrower  economic  problems.  Moreover,  some  topics  that  seem  purely  economic 
have  really  a  far  wider  significance.  '  Division  of  labour,' '  Supply  and  demand/ 
and  '  The  population  question,'  must  be  regarded  in  a  broader  way  than  is  possible 
within  the  limits  that  logical  sjrmmetry  prescribes  to  the  economist.  In  nict,  the 
greater  part  of  the  matter  to  be  found  in  the  division  of  our  text-books  devoted  to 
the  subject  of '  Production'  is  only  introduced  to  supply  the  want  of  a  due  preparatory 
study  of  the  leading  features  of  what  I  may  for  the  moment  call  the  '  social 
organism.'  That  expression  has  unfortunately  some  unsatisfisu^tory  implications. 
It  seems  to  give  support  to  the  idea  that  the  social  and  political  sciences  may  be 
regarded  as  mere  appendices  to  biology,  and  that  by  a  liberal  adojption  of  the 
technical  terms  of  that  science  we  can  turn  out  a  complete  and  dennite  system 
without  the  trouble  of  continued  effort  applied  directly  to  the  study  of  social  phe- 
nomena. This  belief  seems  to  me  to  be  hopelessly  mistaken,  and  I  would  protest 
as  stronffly  as  anyone  against  the  '  manipulation  of  biological  ideas  and  phrases '  ^ 
as  a  mode  of  dealing  with  either  economic  or  social  questions.  But  the  general 
conceptions  which  are  needed  to  realise  the  broad  features  of  social  structure  are 
not  the  peculiar  property  of  any  single  science.  Division  of  labour,  e.ff,,  was 
recognised  as  a  social  truth  long  before  its  importance  for  the  vital  sciences  was 
appreciated.  It  is  therefore  quite  possible,  without  any  illegitimate  borrowing  or 
routine  imitation  of  inapproj^riate  methods  of  exposition,  to  provide  a  satisfactory 
groundwork  of  social  doctrme  on  which  our  economic  theories  can  be  securely 
based.  Such  a  change  in  the  usual  method  of  treatment  would  be  in  harmony  with 
the  development  of  economics  during  the  last  twenty  years,  and  could  be  attained 
without  any  sacrifice  of  the  valuable  material  stored  up  in  the  standard  treatises. 
Nor  is  it  merely  at  the  outset  that  systematic  reference  to  social  structures  and 
conditions  is  required ;  all  through  the  course  of  investigation  that  the  economist 
has  to  pursue  he  will  find  that  fresh  light  is  thrown  on  even  the  minutest  detaila 
by  continually  keeping  in  mind  and  striving  as  far  as  possible  to  realise  the  com- 
plete life  of  the  society  which  exhibits  them  as  one  part  of  its  varied  activities. 

^  See  Sidgwick,  *  Scope  and  Method  of  Political  Boonomy/  in  StatUHeal  Society's 
Journal^  vol.  xlvili.  p.  612 ;  Marshall,  Principles,  Book  I.,  diap.  y.  §  1 ;  Nicholson. 
Principles^  pp.  11-14. 

*  Nicholson,  Principles,  p.  12. 
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Great  advances  have  already  been  made  in  this  direction.  No  one  can  fail  to 
perceive  the  contrast  between  the  bareness  of  the  manaals  of  Senior  and  Fawcett 
and— except  in  some  particulars ' — of  J.  S.  Mill's '  Principles '  as  compared  with  the 
more  elaborate  presentation  of  our  best  modem  text-books.  Refined  analysis  of 
economic  motives  and  critical  discussion  of  abstract  theoretical  conceptions  still 
hold  a  very  large  place ;  but  the  accurate  exhibition  of  the  growth  of  popnlatioti 
and  of  the  forms  of  industrial  organisation,  the  tracing  in  their  natund  order  of 
development  of  the  *  village  community/  the  '  feudal  system/  and  of  commercial 
land  tenure,'  do  much  more  to  promote  the  effective  progress  of  scientific  economics 
than  the  most  brilliant  efforts  at  deduction  from  unduly  amplified  premises.  I 
would  specially  insist  on  the  fact  that  it  is  the  social  basis  rather  than  the  slighter 
edifice  of  half-developed  theory  that  gives  life  and  power  to  our  present  work. 
We  are  thus  led  to  the  conclusion  that  one  important  step  in  the  further  progress 
of  economics  must  be  the  fuller  reeo^ition  of  its  dependence  at  the  outset  on,  and 
its  close  relation  all  through  its  inquiries  with,  general  social  science,  but  that  this 
reform  does  not  need  any  extreme  change  in  attitude — it  rather  involves  the  logical 
carrying  out  of  an  already  pronounced  tendency.  No  department  or  section  of 
econonucs  can  escape  this  revision.  QnesUonsof  value,  money,  credit,  and  foreign 
trade — ^to  take  topics  that  are  supposed  to  be  particularly  amenable  to  abstract 
treatment — are  more  affected  by  social  conditions  than  the  theoretic  economist  will 
formally  admit.  Only  through  study  of  these  influences  can  the  materials  needed 
for  a  correct  theoretical  solution  be  obtained,  and  due  weight  given  to  the  several 
elements  involved. 

Another  reform  will  be  the  natural,  or  rather  necessary,  consequence  of  that 
already  urged.  As  soon  as  we  get  thoroughly  accustomed  to  contemnlating 
economic  conditions  in  their  actual  forms  as  the  special  products  of  social  lire,  it  is 
but  a  matter  of  course  to  notice  the  remarkable  differences,  and  equally  remarkable 
resemblances  that  different  instances  of  the  same  economic  institution  or  function 
will  present.  The  banking  system — ^to  take  a  familiar  example — ^is  not  the  same  in 
England  as  in  France,  while  in  the  United  States  a  third  vanetv,  or  set  of  varieties, 
is  to  be  found.  Even  within  the  same  country  there  is  no  absolute  uniformity. 
London  banking  differs  from  country  banking,  and  Scotch  banking,  again,  is  distinct 
from  either.  Differences  in  environment  wiU  supply  a  partial  explanation.  A  new 
country  does  not  require  and  could  not  maintam  the  more  complex  arrangements 
auited  to  an  old  centre  of  industry  and  commerce.  But  peculiarities  of  social  structure 
and  even  historical  accidents  count  for  much.  We  must  go  to  history  to  find  the  ongia 
of  the  Bank  of  England  and  the  system  of  which  it  is  the  foundation,  and  to  some 
peculiarities  of  the  American  Constitution  for  an  explanation  of  the  failure  of  the 
two  attempts  to  permanently  establish  a  similar  institution  in  that  country.'  Now, 
what  is  true  of  banking  is  equally  true  of  the  monetary  organisation,  the  economic 
features  of  the  transport  s^^m — in  a  word,  of  every  part  of  the  economy  of  a 
nation  or  people.  The  attempts  of  difierent  schools  of  economists  to  deal  with  this 
problem  of  variations  must,  1  think,  strike  the  unprejudiced  observer  as  at  best  in- 
adec(uate.  Senior  and  McOulloch,  repreeentiiur  very  fairly  the  average  economic 
opimon  of  their  day,  admitted  the  existence  of  diversities,  but  escaped  their  con- 
sideration by  pladng  them  outside  the  ring  fence  that  bounded  pure  economics,  or 
by  regarding  them  as  certain  to  disappear  with  the  diffusion  of  sound  views  on  the 

>  Mill's  treatment  of  the  earlier  and  ruder  forms  of  land  tenure  is  much  more 
realistic  and  better  *  nourished  with  specific  facts ; '  but  this  departure,  as  he  deemed 
it,  from  seientifio  precision  was  partly  due  to  his  strong  interest  in  the  Irish  land 
question,  and,  as  Whewell  pointed  out,  is  really  an  imitation  of  the  method  pursued 
by  R.  Jones  in  his  admirable  but  premature  book  on  Hent  (1832). 

*  For  population  see  the  treatment  by  Marshall,  Prinoiplei,  Book  IV.,  chaps,  iv. 
and  v. ;  for  industrial  organisation,  ib,  cSbaps.  Yiii.-xii.;  for  the  village  community 
and  feudalism,  Nicholson,  Prinoiplet,  Book  II.,  chaps,  vi.  and  vii. ;  and  compare  with 
both  the  fuller  treatment  in  the  new  edition  of  A.  Wagner's  Orundlagen  d&r  VoUu' 
mrthsohaft  (1892-3). 

'  See  the  several  articles  on  *  Banking  *  in  the  new  Dictionary  of  Paliiioal  Eeonomf ; 
also  C.  F.  Ferraris,  Scienza  Banearia, 
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tobject^  They  in  tbis  way  etroye  to  keep  up  their  faTourite  science  as  a  real  and 
pontiTe  one,  while  they  shut  oat  a  numoer  of  troublesome  questions.  Mill  and 
Gaines  boldly  maintained  that  political  economy  merely  deiJt  with  tendendeey  and 
was  a  hypothetical  rather  than  a  positiye  science ;  by  throwing  aside  all  the  pecu- 
liarities  and  confiniog  attention  to  the  points  of  agreement  certain  formally  yalid 
results  could  be  reached*  To  directly  apply  them  to  practice  or  regard  them 
as  a  complete  interpretation  of  concrete  pnenomena  was  simply  an  error  in  logie 
for  which,  when  committed  by  others,  the  economist  could  not  be  held  acoount- 
able.> 

The  English  members  of  the  historical  school  either  neglect  all  but  the  crudest 
empirical  chssification,  or  suggest  that  each  historical  period  must  be  treated  by 
the  use  of  special  hypotheses  suited  to  its  particular  condition,  and  thus  succeed  in 
combining  tneur  acceptance  of  a  great  deal  of  the  traditional  economic  doctrine  with 
n  much  more  realistic  treatment  in  respect  to  earlier  times.  All  these  methods 
seem  defective,  though  in  yery  different  degrees.  If  the  political  economy  of  the 
middle  of  this  centuiy  is  to  be  regarded  as  a  positiye  science,  applicable  without 
restriction  of  time  or  place,  we  get  a  ready  explanation  of  the  charge  of  '  undue 
absoluteness '  so  strongly  nived  by  Knies,*  and,  it  must  be  allowed,  with  considerable 
justice.  There  was  irom  tkia  point  of  view  but  one  conect  system  in  respect  to 
each  economic  element.  Large  farms,  free  bargaining  between  independent 
labourers  and  employers,  the  single  standard,  and  a  banking  system  rigidly  con- 
forming to  that  prescribed  by  the  Act  of  1844,  were  some  of  the  features  of  a  well- 
organiMd  economic  society,  any  aberrations  from  which  should  be  rectified  at  the 
first  conyenient  op^rtunity.  So  narrow  a  conception  could  not  long  stand  the 
test  of  wider  experience,  and  accordingly  it  made  way  for  the  treatment  of  the 
subject  as  based  on  a  series  of  h^otheses.  By  skilfully  limiting  and  qualifVingp 
the  leading  doctrines  it  was  not  difficult  to  ayoid  the  more  obyious  contradictions, 
and  explain  away  persistently  obstinate  facts  by  regarding  them  as  '  fHction,'  or  ae 
*  minor  disturbing  causes '  which  might  be  neglected  without  disadvantage.  Used 
with  reference  to  a  ^iven  time  and  place,  and  with  a  wise  selection  of  premises,  the 
hypothetical  deductive  method  yielded  fruit  of  considerable  value,  but  it  utterly 
broke  down  in  the  attempt  to  deal  with  cases  outside  those  included  in  the  selected 
type,  and  even  in  dealing  with  them  needed  constant  supplement  and  correction. 
Though  the  procedure  of  the  economic  historian  appears  specially  devised  to  meet 
this  defect,  as  it  dwells  on  the  difierenoes  found  in  the  economic  iactoia  at  difierenft 
periods  of  a  nation's  history,  it  is  far  too  narrow  and  too  much  oomplicafeed  by  the 
mass  of  details  to  render  the  service  which  is  required.  Eoonomie  histoiT  wiU, 
in  conjunction  with  observation  of  existing  conditk>ns,  ultimately  furnish  a  ridi  store 
of  materials  out  of  which  scientific  results  may  be  extracted,  and  this  latter  and 
most  important  part  of  the  work  will  need  systematic  classification  of  the  severd 
types  of  institutions  and  conditions.  To  return  to  the  example  already  gives,  it  ie 
necessary  not  merely  to  consider  the  abstract  theory  of  bankmg  under  certain  sup> 
posed  conditions  and  its  history  in  all  countries  so  far  as  attainable.  The  prindpal 
object  diould  be  to  ascertain  the  different  groups  into  which  banking  systems  can 
be  scientifically  arranged,  and  the  ways  in  which  each  is  produced  hj,  and  in  turn 
reacts  on  the  other  parts  of,  the  social  system.  Writers  on  sociology  speak 
somewhat  pretentiously  of  the  '  consenmtt  of  the  social  organism,'  but  they  are 
expressing  a  real  and  important  truth ;  for  we  cannot  doubt  that  there  are  ne» 
cessary  relations,  modifiable,  indeed,  within  limits  hard  to  define,  but  still  present 
and  not  to  be  ignored  by  those  who  seek  to  interpret  the  movements  d  sodetj. 
There  is  here  an  immense  field  as  yet  almost  entirely  overlooked.  One  minor 
instance  may  be  noticed.  We  are  all  fiuniliar  with  our  own  Treasurr  system* 
working  smoothly  and  effectively  through  the  agency  of  the  Bank  of  E^land.  We 
hardly  realise  that  quite  different  arrangementa  are  employed  by  the  United  States, 

>  Senior,  Introductoty  Zeeiures  in  the  IM^enity  tf  Oxford^  1862,  Lecture  lY. 
<  J.  8.  Mill,  E$9ayi  on  tome  Umettled  QuuUoni^  Essay  Y. ;  J.  B.  Caimes,  Lngicil 
2iethod,  Lecture  11.,  §  3. 

•  PolitUehs  Oehonmie^  2nd.  ed«  1883,  in.,  viii.,  pp.  401  9eq. 
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and  that  France  and  Italy  have  a  third  system  in  foroe.^  The  origin  and  actual 
working  of  these  types  of  financial  administration  and  their  relation  to  the  economic 
and  commercial  institutions  of  the  several  countries  in  which  they  erist  present  an 
interesting  suhject  of  inquiry,  and  this  is  but  one  teifling  instance  of  what  is  to  be 
abundanuy  found  in  nearly  every  part  of  the  field  of  economics.  Until  such  points 
are  studied  in  detail  and  by  the  comparative  method,  we  cannot  expect  to  obtain  a 
completed  body  of  economic  doctrine  resting  on  careful  generalisations  gathered  from 
a  sufficiently  extensive  experience. 

To  the  same  defect  is  due  the  weakness  in  certain  respects  of  our  economic 
literature  so  &r  as  monographs  are  concerned.  Attention  nas  often,  been  called 
to  the  neglect  of  the  problems  connected  with  transport  by  English  writers.  We 
possess  no  recent  works  on  the  great  subjects  of  (1)  colonisation  and  (2)  commer- 
cial crises  tbat  can  bear  comparison  with  the  French  and  German  studies.'  It 
would  almost  seem  that  the  attention  of  the  younger  economists  is  too  much 
fastened  on  the  passing  aspects  of  the  labour  and  currencv  questions  to  allow  time 
to  be  devoted  to  calmer  theoretic  investifi^ation.  Even  from  the  point  of  view  of 
immediate  personal  advantage  this  is  decic^dly  a  mistake.  No  better  advice  could 
perhaps  be  given  to  the  serious  economic  student  at  the  opening  of  his  work  than 
to  steadily  avoid  'burning  questions.'  They  are  sure  to  be  eagerly  taken  up  by 
popular  and  untrained  writers.  Their  scientific  features  are  ouned  beneath  a 
weight  of  prejudice  and  partisan  feeling,  and,  last  but  not  least,  they  so  quickly 
become  '  burnt  out/  and  public  attention  turns  away  to  some  other  and  equally 
temporary  subject  of  debate.  Careful  examination  of  a  r^ly  important  question 
for  the  moment  a  little  in  the  background  must  in  the  end  prove  more  serviceable 
when  the  force  of  events  compels  practical  men  to  direct  their  attention  to  it,  and 
to  consult  those  who  have  given  time  and  trouble  to  its  elucidation. 

A  third  point  on  which  some  reform  is  needed  concerns  the  organisation  and 
teaching  of  tlie  subject  more  than  the  advancement  of  scientific  research,  though  it 
would  not  be  without  good  results  for  the  latter.  It  is  the  relation  of  economics, 
not  to  the  outlines  of  social  science  that  are  its  necessary  basis,  but  to  the  other 
divisions  dealing  with  cognate  and  similarly  special  brancnes  of  social  life.  There 
has  hitherto  been  an  unfortunate  disposition  to  separate  economics  too  sharply 
from  these  kindred  studies.  When  tlie  reformer  argues  that  political  science, 
jurisprudence,  and  the  scientific  principles  of  administration  should  be  grouped 
along  vrith 


ith  economics  he  is  met  by  the  rejoinder  that  '  we  should  do  one  thing 
at  a  time,'  that  '  division  of  labour'  is  imperatively  needed  in  so  extensive  a  field 
of  work.  To  so  contend  is  to  quite  forget  that  '  division '  implies  '  combination ' 
of  labour,  and  that  mere  subdivision  of  tasks  is  not  of  itself  advantageous.  The 
contention,  besides,  goes  too  far  for  its  purpose.  Within  the  special  district 
assigned  to  economics  there  are  very  difierent  subjects  which  have  to  be  tem- 
porarily kept  apart.  Nothing  would  be  gained  by  interpolating  a  discussion  of 
the  '  wages  question '  into  a  treatise  on  '  money,'  though  no  one  would  deny  the 
connexion  that  exists  between  these  two  parts  of  economics.  In  the  same  way 
politics — in  the  scientific  sense — and  jurisprudence  ^ain  when  taken  together  with 
■economics,  and  repay  that  advantage  by  the  additional  light  which  they  afibrd. 
One  of  the  errors  fostered  by  the  stricter  economists  in  this  country  was  the  belief 
that  in  political  economy  there  was  a  peculiar  department  differing  totally  from 
other  social  and  political  sciences  both  m  the  rigour  of  its  logic  and  the  certainty 
of  its  conclusions.  Such  types  of  precision  as  geometry  and  logic  were  regarded 
«s  the  proper  models  in  the  pursuit  of  this  '  exact'  science,  whose  cultivators  were 
justly  entitled  to  regard  with  condescension  those  engaged  in  seemingly  less 
precise  inquiries.  The  mistake  committed  was  twofold.  There  was  at  once  an 
over-estimation  of  the  solidity  of  economic  doctrines  and  an  undue  depreciation  of 
the  results  obtained  in  politics,  jurisprudence,  and  social  ethics,  with,  as  a  natural 
consequence,  the  severing  of  subjects  that  should  have  been  combined  to  form 

"  Kinley,  Th^  Independent  Treasury,  deals  with  the  United  States  system ;  and 
Alessio,  Za  Fumnone  del  Tesoro^  attempts  a  comparison  of  the  several  methods. 

'  Since  Merivale's  Cohmisation  (1842,  2nd  edit.  1861)  no  English  economist  hna 
made  any  contribution  like  those  of  Boscher  and  Leroy-Beaulieu  to  that  subject. 
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joint  parts  of  a  comDrehensive  whole.  Some  excuse  may  of  coune  be  made. 
^Political  economy  haa  really  some  advantages  which  enabled  it  to  deyelop  more 
rapidly ;  it  dealt  with  material  interest  when  measurement  was  often  possible, 
and  its  condnsions  allowed  of  readier  Terification.  It  was,  in  fact,  the  first  branch  of 
social  science  that  came  under  scientific  treatment,  and  its  earlier  fruits  were 
important  enough  to  justify  some  pride  on  the  part  of  those  responsible  for 
them.  But  this  relative  superiority  seems  to  be  steadUy  diminishing.  Other,  and 
for  a  time  neglected,  deparUnents  are  freeing  themselves  from  the  confusion  that 
surrounded  weir  infimcy,  while  the  latest  developments  of  economics  tend  to 
reduce  the  claim  to  peculiar  rigour  made  in  its  behalf.  But  at  any  time 
the  distinction  was  injurious.  By  presenting  to  the  public  a  small  and  strictly 
enclosed  section  of  social  life  as  the  sole  part  that  admitted  of  scientific  treatment 
it  weakened  both  what  it  exalted  and  what  it  debased.  Economics  became 
henceforth  somethinfif- that  had  to  be  tacked  on  to  any  other  subject  or  subjects  as 
present  convenience  happened  to  dictate.  Its  true  place  and  the  various  additions 
needed  to  give  it  oonsistenef  were  altogether  forgotten  or  ignored,  until  the  study 
fell  into  serious  discredit,  Irom  which  it  has  only  partiaUy  recovered.  The  true 
remedy  is  to  be  found  in  the  combination  of  the  several  social  sciences,  toffether 
with  the  exclusion  of  everything  that  is  extraneous.  The  extent  to  whi<3i  this 
course  will  facilitate  the  progress  of  social  studies  may  be  in  some  degree  con- 
ceived by  considering  the  real  unity  of  the  field  in  which  they  work,  and  also  the 
tastes  and  dispositions  of  those  who  make  them  a  leading  pursuit 

The  economist,  the  jurist,  and  the  political  philosopher  are  in  the  main  enjfaged 
in  examining  the  same  phenomena,  but  from  difierent  points  of  view.  A  particular 
system  of  land  tenure,  a  peculiar  organisation  of  dasses,  even  currency  or  banking 
regulations,  have  to  be  studied  on  their  juristic  and  political  as  well  as  their 
economic  side.  In  each  case  there  are  special  features  which  demand  most  atten- 
tion, but  it  is  well  to  be  able  to  appredate  the  other  and,  for  the  purpose,  less  im- 
portant aspects.  Nothing  will  bring  this  truth  more  fordbly  home  to  us  than  the 
ease  with  which  the  limits  can  be  passed.  When  we  see  that  much  of  Sir  H. 
Maine's  writing  is  reaXlj  economic,  that  J.  S.  Mill  in  parts  of  his '  Princinles '  is  deal- 
ing with  juridical  questions,  we  feel  the  doseness  of  the  connexion  ana  the  evil  of 
separation.^ 

From  this  necessity  of  dealing  with  a  common  material  arises  the  disposition 
on  the  part  of  economists  to  pass  on  to  politics  and  jurisprudence.  From  the 
time  of  Adam  Smith  to  the  present  day  there  has  been  no  lack  of  distinguished 
examples.  The  two  Mills,  Caimes,  Bsgehot,  Leslie,  Heam-— to  give  but  a  few 
names — ^have  made  contributions  to  political  and  juf&l  sdence  little  inferior  to  their 
services  to  economics.  In  our  day  have  we  not  Professor  Sidgwick's '  Elements  of 
Politics '  as  the  natural  and  appropriate  se(j[ud  to  his  *  Prind{)les  of  Political 
Economy  P '  So  in  Germany  Roscher  closed  his  academic  career  with  a  treatise  on 
*  Politics,'  which  forms  a  worthy  companion  to  his  great  economic  System, 

In  the  face  of  such  impressive  fiicts  it  is  idle  to  maintain  that  economic  sdenoe 
should  be  kept  in  isolation  or  joined  at  haphazard  with  other  studies.  The  educa- 
tional treatment  of  the  matter  is  primarily  one  for  the  universities,  but  tiiis  Asso- 
ciation can  at  least  set  a  good  example,  and  it  is  the  better  able  to  do  this  because 
it  has  always  recognised  statistics  as  an  equal  subject  with  'economic  sdence,' 
which  in  fact  came  in  at  a  later  time  (1856).  Now,  as  Senior  allows, '  the  sdence 
of  statistics  is  far  wider  as  to  its  subject-matter.  It  applies  t-o  all  phenomena  which 
can  be  counted  and  recorded.'  ^  There  is,  he  thinks,  no  limit  to  the  objects  to  be 
induded,  provided  that  neither  approval  nor  censure  was  expressed.  Thus  regarded^ 
statistics  IS  the  handmaid  of  all  the  sodal  sdences,  and  by  releasing  its  votaries 
from  this  perpetual  drudgery  and  allowing  them  to  Hhresh  out'  a  httle  of  what 
they  have  gathered  we  may  at  once  obtain  a  right  constitution  for  this  section  as 
engaged  in  *  statistical  and  social  inquiry.' 

Tne  reasons  in  favour  of  adopting  an  organisation  of  wider  scope  are  strengthened 

\  

1  See  Maine,  VxOage  CommuniHei,  Lecture  VI.,  and  Early  InitUuHom,  Lectores 
T.  and  YL ;  Mill,  PrineipJes,  Book  II.,  chap.  ii. ;  Book  V.,  chaps,  viil.  and  ix. 
*  Brit,  Auoe.  lUpoft,  1860,  Trant.y  p.  183. 
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by  a  reference  to  the  actaal  poeition  of  economic  science.  After  all  the  sustained 
attacks  on  it  firom  different  quarters  it  feems  to  have  regained  some  of  its  lost  ground, 
both  as  regards  theory  and  practical  influence.  This  partial  recovery  can  be  sustained 
and  competed  only  by  adjustment  to  suit  the  external  conditions,  and  must  be  of 
the  nature  I  have  sought  to  indicate,  otherwise  the  zevival  will  be  but  temporary, 
and  followed  hy  more  complete  collapse. 

Other  countries  are  showing  sigmncant  indications  as  to  the  true  course  of  de- 
Telopment.  In  the  United  States,  where  economics  has  taken  so  prominent  a  position , 
courses  in  social  science  are  beixig  established,  and  one  uniyersitj  ^  has  gone  so  far 
as  to  create  a  chair  of  general  sociology,  in  addition  to  the  special  ones  assigned  to 
different  branches  of  economics  and  pdutics.  Another  instance  is  much  more  in- 
structive. France  has  lonff  been  known  as  the  home  of  economic  <  orthodoxy,' 
which  has  the  'Journal  desEconomistes  *  as  its  organ,  and  ^et  the  last  number  of 
that  eminently  respectable  and  conservative  journal  opens  with  an  excellent  article 
on  '  The  State  and  Society '  belonging  altogether  to  the  domain  of  political  science.' 
Further  on  in  the  same  number  there  is  a  report  of  an  interestiog  discussion  at 
the  Political  Economy  Society  of  Paris  on  'The  Relation  between  Political 
Economy  and  Sociology,'  where,  though  there  were  differences  as  to  the  exact 
nature  of  the  relation,  there  were  none  as  to  its  existence.'  Similar  indications  are 
to  be  found  in  the  movement  of  thought  amongst  economists  in  other  European 
nations. 

Practical  considerations  may  also  be  put  forward.  It  is  highly  desirable  that 
certain  professions — law,  journalism,  and  public  administration  may  be  mentioned — 
should  nave  economics  as  part  of  the  trainin)^  necessary  for  their  exercise.  To 
accomplish  this  object  its  combination  with  jurisprudence  and  political  and  admin- 
istrative science  in  a  common  group  seems  by  far  the  best  wajr.^  The  strictiy 
professional  students  would  obtain  a  better  and  more  suitable  training,  and  it  might 
be  reasonably  expected  that  some  with  genuinely  scientific  tastes  would  be  led  to 
take  up  social  science  as  a  regular  pursmt,  and  contribute  to  its  progress. 

But  it  is  in  dealing  with  the  practical  problems  that  present  themselves  in  ever- 
increasing  number  tiiat  this  wider  mode  of  treatment  is  most  essential.  To  take  first 
cases  that  are  regarded  as  peculiarly  within  the  domain  of  the  economist — ^is  it  not 
true  that  commercial  policy  must  largely  depend  on  political  and  legal  conditions  P 
Even  in  carrying  out  the  thoroughly  wise  and  sound  principle  of  free  trade  the  British 
Government  finds  itself  involved  in  many  curious  complications.  Treaties  and  ad- 
ministrative regulations  have  to  be  taken  into  account.  The  political  forces  that  guide 
tlie  tariff  policy  of  nations  have  their  decided  effects,  and  whether  we  desire  merely 
to  estimate  the  actual  character  of  any  particular  policy,  to  form  a  rational  forecast 
of  the  course  that  nations  will  take  in  the  future,  or  to  give  judicious  advice  as  to 
what  should  be  done,  we  cannot  limit  ourselves  to  abstract  economic  theory  or 
even  to  economic  considerations.  And  this  is  equally  true  of  the  currency 
question.  The  weightiest  ari^uments  for  and  against  bimetallism  are,  I  believe, 
pohtical  rather  than  economic,  while  such  social  influences  as  habit  and  custom 
powerfully  affect  the  possibilities  of  action  that  purely  deductive  reasoning  from 
economic  premises  might  appear  to  suggest. 

The  case  becomes  stronger  when  we  turn  to  more  fundamental  and  far-reaching 
problems.  The  essential  character  of  the  socialistic  movement  that  is  passing  over 
Western  civilisation  cannot  be  properly  judged  if  we  look  on  it  as  merely  economic. 
The  ordinary  antithesis  between  socialism  and  individualism,  or,  as  it  is  often 
conceived,  between  self-sacrifice  and  selfishness,  seems  to  me  altogether  misleading. 
The  struggle  is  rather  one  between  two  distinct  types  of  social  organisation,  one 

'  Colnmbia. 

*  *  L*Stat  et  la  Soci6t6/  by  Maurice  Block,  Journal  des  EeanomUtet,  June  15, 1894, 
pp.  321-343. 

'  lb,  pp.  420-431.  The  remarks  of  MM.  Worms,  Leroy-Beaulieu,  and  Levasseur 
are  instructive  as  to  the  opinions  current  among  French  ecpnomists. 

*  The  rudiments  of  such  a  training  existed  in  the  case  6f  the  selected  candidates 
for  the  Indian  Civil  Service,  but  the  recent  changes,  have  practically  removed  this 
valuable  part  of  the  system  previously  in  force. 
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resting  on  the  exaltation  of  the  relatiyely  modem  institution  of  the  State,  the 
other  deriving  its  principal  force  from  tiie  oldest  and  most  enduring  element  of 
human  society — the  family.  This  aspect  of  the  question  will  more  and  more 
come  into  prominence  as  the  conflict  proceeds.  It  is  not  the  '  man  of  Nature/  the 
individual  released  from  all  restraints,  who  forms  the  unit  in  our  modem  *  indivi- 
dualistic' societies,  but  the  individual  with  family  ties  and  sentiments,  and 
profoundly  influenced  by  other  than  purely  self-regarding  motives.  CoUectivist 
socialism  seeks  to  substitute  for  these  natural  agencies  the  comparatively  artificial 
authority  of  the  sovereign  State.  It  aims  at  transforming  private  into  public  law, 
and  it  would  make  the  life-work  of  the  citizen  one  round  of  public  administratiTe 
duties.  The  origrin  of  this  special  system  is  obviously  due  to  a  particular  social 
condition  ;  it  is  tne  natural  product  of  the  factory  and  the  workmen's  dub-Hi.^.,  of 
a  mode  of  living  in  which  the  family  has  unhappily  sunk  to  a  minor  position,  and 
in  which  the  main  uniting  bond  is  that  of '  comradeship.'  How  impossible  it  would 
be  to  bring  all  human  societies  under  a  form  of  regulation  that  presupposes  the 
close  contact  of  large  masses  of  men,  and  how  hopeless  it  is  to  expect  its  efiective 
working  while  the  domestic  organisation  and  family  affections  retain  thdr  power, 
is  a  lesson  that  the  study  of  social  science  in  all  its  branches  will  most  effectually 
teach. 

That  the  time  is  ripe  for  this  fuller  development  is,  I  think,  dear  from  the  interest 
with  which  the  most  speculative  works  on  social  development  are  received.  A  daring 
and  suggestive  discussion  of  the  problem  of  social  evolution,  even  if  its  basis  is 
highly  questionable,  is  sure  of  applause  and  a  vnde  cirde  of  readers.  The  most 
pressing  duty  on  the  part  of  those  who  desire  to  promote  true  knowledge  is  to 
secure  that  there  shall  be  the  proper  preliminary  training  on  the  part  of  the  writers 
and  competent  criticism  of  their  productions. 

Though  I  have  dwelt  mainlv  on  the  necessity  for  rearrangement  and  further 
prog^ress,  I  should  be  sorry  to  leave  the  impression  that  I  undervalue  the  gpreat 
services  of  the  English  economists  from  Adam  Smith  to  Senior  and  J.  S.  MilL  In 
its  later  developments  that  school  was  open  to  criticism.  Some  of  its  members 
committed  serious  faults,  but  they  also  possessed  ver^  redeeming  merits.  They 
may,  perhaps — let  us  concede  it — ^have  been  narrow-minded ;  they  may  have  been 
hard-hearted,  but  in  studying  their  chosen  subject  they  were  eminently  level- 
headed.' They  saw  the  working  of  material  forces  in  their  true  balance,  and  vrere 
not  unduly  influenced  by  passing  events.  This  intellectual  sanity  and  just  apprecia- 
tion of  the  com^rative  weight  to  be  assigned  to  the  different  elements  operating 
on  national  life  is  well  exemplified  in  an  anecdote  respecting  Adam  Smith  nimeelf, 
which  we  have  on  unexceptionable  authority. 

<  Towards  the  close  of  the  American  War,  when  general  despondency  seemed 
to  paralyse  the  nation,  Dr.  Smith,  confident  in  the  resources  of  the  country, 
would  not  allow  himself  to  despair  of  the  commonwealth.  On  the  news  of 
Burgoyne's  surrender  at  Saratoga  Mr.  Sindair  hurried  to  his  friend  with  intelli- 
gence of  the  disaster,  insisting  that  if  affairs  went  on  no  better  the  nation  must  be 
ruined.  **  Be  assured,  my  voung  friend,"  replied  the  imperturbable  philosopher, 
^*  there  is  a  great  deal  of  rum  in  a  nation." '  ^ 

This  attitude  of  calm,  based  on  wide  historical  study  and  accurate  eetinuite  oi 
the  realities  of  things,  is  a  valuable  example  which  the  older  economists  have  left; 
to  their  successora  At  the  present  day,  wnen  we  are  always  hearing  of  submerged 
tenths,'  of  depression  in  every  branch  of  industry,  of  destructive  monetary  revwu- 
tions,  and  of  land  abandoned  by  its  cultivators,  while  we  seek  to  trace  the  reality 
and  extent  of  these  evils  and  to  discover  their  causes,  can  we  give  a  better  re^ly 
to  the  eager  enthusiast  or  the  hasty  innovator  who  insists  that,  unless  his  favourite 
nostrum  is  adopted, '  the  nation  must  be  ruined,'  than  to  answer,  with  the  calm- 
ness that  knowledge  of  the  forces  that  are  working  for  social  welfare  produces, '  Be 
assured  there  is  a  great  deal  of  ruin  in  a  nation  P ' 

^  Sinclair's  Mennnrs,  voL  i.  p.  87. 
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The  following  Papers  were  lead  :-— 

1.  On  the  MtUhenuUiecd  Theory  of  Intemaiian(U  Trade, 
By  Professor  F.  Y.  Edoeworth,  Af.A, 


2.  Mechanics  of  BimetaUism.    By  Professor  Ibting  Fisheb. 

The  bimetalHc  regime  is  figured  as  a  system  of  hydrostatics  by  substituting  for 
JeTons'  curves  reservoirs  of  water.  Water  represents  commodity,  and  the  water 
levdy  mamnal  utility.  The  system  embraces  tnree  reservoirs,  one  for  money  and 
two  for  gold  and  nlver  in  the  arts  respectively.  The  three  being  connected,  the 
water  seeks  a  conunon  level.  The  method  afijords  a  theoretical  criterion  for  dis- 
tingmshing  when  bimetallism  is  and  is  not  possible.  The  restoration  of  the  old 
French  ratio,  even  if  possible,  would  cause  aepreciation,  though  not  to  the  whole 
extent  of  the  present  difference.  As  comparcMl  with  monometallism,  bimetallism 
reduces  fluctuations  of  value  in  the  zfttio  of  the  combined  breadths  of  two  reservoirs 
to  three. 


3.  On  Factors  o/ Froditction.    ^By  H.  HiOGS,  LL,B, 


4,  On  Stock  Excliange  Taxation,    By  J.  Mandkllo,  Ph,D, 

Theory  of  taxes  in  the  circulation  of  wealth.  Taxes  on  capital  as  contrasted 
with  taxes  on  land,  &c.  The  French,  Italian,  German,  and  Austrian  taxes  on 
Stock  Exchange  transactions.  What  constitutes  a  good  system  of  Stock  Exchange 
taxation. 


FRIDAY,  AUGUST  10. 
The  following  Papers  were  read : — 
1.  The  Church  Anny  and  the  Unemployed.    By  the  Rev,  W.  H.  Hunt, 

The  problem  of  the  '  Unemployed '  will  alwavs  be  a  social  as  well  as  an 
industrial  one,  and  the  difficulties  of  it  are  probably  ^^reater  because  of  unwise 
legislation  and  promiscuous  relief.  The  complexity  of  it  necessitates  our  rule  for 
individiuil  treatment  and  selection.  In  this  country  many  methods  have  already 
been  tried,  and  we  recognise  that  no  ultimate  good  can  result  to  the  nation  from 
any  work  based  upon  a  false  economic  principle.  After  working  upon  this  rule  for 
five  years  we  are  now  able  to  say  tne  social  side  of  the  problem,  at  least,  is 
assuredly  nearer  solution  than  before.  We  aim  at  giving  men  the  chance  to  earn 
and  eat  their  own  bread  under  healthy  conditions  with  Christian  environment. 
*  A  Church,  Army,  Labour,  Home :  to  these  four  things  we  owe  everything  we 
possess.'  The  manager  and  his  wife  act  as  '  father '  and  '  mother,'  and  the  workers 
are  called  '  brothers.  We  make  every  man  feel  his  responsibility  to  earn  his  own 
living,  and  conform  his  habits  to  his  economic  surroundings.  Idlers  and  drunkards 
are  dismissed.  We  avoid  pauperisation.  Our  small  provincial  Labour  Homes 
being  increased  in  number  deter  men  irom  coming  up  to  London.  Sufficient  trade 
can  easily  be  secured,  and  the  home  is  not  calculated  to  disturb  existing  trade  as  a 
larger  establishment  might  do.  In  them  local  influence  is  combined  with  a  stronf 
central  government.  Tne  rules  are  cast  into  a  simple  form  of  agreement,  and, 
being  signed  bv  esch  person,  become  a  moral  stimulus.  Trade  and  fair  rates  are 
always  chargea,  and  paid.    Every  person  is  expected  to  earn  six  sMUinga  per  week 
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for  board  and  lodging,  one  ahilling  being  then  allowed  for  pocket  money.  Thrift  is 
much  encouraged.  Full  pay  is  allowed  for  two  months,  a  trifle  less  the  third 
month,  and  leas  again  the  fourth.  The  effect  of  this  rule  disposes  of  '  shiftless 
loafers,'  and  has  been  truly  helpful  to  others.  Help  is  allowed,  if  needed,  sixteen 
weeks,  after  which  twelye  months  must  elapse  before  freah  application  can  be  made. 
Each  man  is  urged  to  do  his  best  to  obtain  permanent  work.  We  aim  at  decen- 
tralisation in  finding  places  for  men  either  at  home  or  abroad.  We  believe  in  co- 
operation which  economises  labour  and  intensifies  results,  and  the  sound,  unique, 
and  Taluable  oo-opeiation  between  the  Poor  Law  and  the  Church  Army  baa 
abundantly  justified  the  Local  GoTcmment  Board  in  endorsing  many  annual 
subscriptions  of  ratepayers'  money  to  our  funds.  The  Church  .^my  has  tried, 
proved,  and  is  stiU  demonstrating  an  ez^riment  with  more  than  2.000  people  per 
annum,  which,  whilst  it  ensures  a  genumely  helpful  chance  to  make  a  go(xi  start 
in  life  for  at  least  60  per  cent,  of  that  number,  is  at  the  same  time  a  powerful 
objectplesson  to  the  Church  and  the  nation. 


2.  On  the  Unemployed^    By  Bolton  Smart. 


3.  On  Prices,  Wages,  and  the  Standard  of  Value, 
By  Edward  Atkinson. 


4.  On  Hie  Report  of  tJie  Labour  Conimieeixyii,    By  L.  L.  Price,  M,A. 

The  Labour  Commission  has  been  eni^aged  during  the  last  three  yean  in  an 
inquiry  of  a  very  elaborate  nature,  and  the  question  may  naturally  be  asked, 
Wnat  has  been  the  outcome  of  so  larire  an  expenditure  of  time  and  money  P  The 
answer  depends  on  the  expectations  tliat  have  been  formed.  It  is  difficult  to  define 
the  proper  functions  of  a  commission.  Its  temporary  effect  is  undoubtedly  the 
postponement  of  legislation,  but  this  result  is  probably  fraught  more  often  with 
ben^t  than  injury.  A  popular  cry  is  frejiuently  caught  up  and  passed  on  with 
undiscriminating  enthusiasm,  and  a  commission  brings  to  light  the  dan^^ers  and 
difficulties  of  the  schemes  which  are  thus  propagated.  A  small  commission  of 
experts  is  the  ideal  form ;  but  a  large  commission,  representative  of  various  interests^ 
though  it  may  lead  to  an  inconclusive  report,  does  secure  a  searching  scrutiny  of 
plausible  proposals  by  hostile  critics.  The  agitation  for  an  eight  hours'  day'has 
been  thus  treated  by  the  Labour  Commission,  with  the  result  of  bringing  into 

Sominenoe  the  doubt  attaching  to  the  real  meaning  of  the  proposal  and  the 
fficulties  attending  its  application  to  practice ;  and,  in  view  of  this  imoertainty 
and  difficulty,  the  Commission  could  hiurdly  arrive  at  any  other  conclusion  than 
that  actually  declared  by  the  majority.  They  are  content  to  present  a  summary 
of  opposing  views,  and  to  recommend  minor  reforms.  The  minority,  looking  for- 
ward to  the  coUectivist  organisation  of  society,  regard  the  legislative  introduction 
of  an  eight  hours'  day  with  approval  as  a  step  towards  that  organisation,  and  treat 
from  a  similar  standpoint  the  extension  of  the  sphere  of  public  employment.  On 
various  minor  reforms  majority  and  minority  are  substantially  agreed.  The  main 
subject,  however,  of  inquiry  was  the  prevention  of  industrial  disputes,  and  here  the 
Commission  found  that  so  much  had  been  already  accomplisned  by  voluntary 
experimental  effort  that  little,  if  any,  room  was  left  for  new  suggestion.  A  mass 
of  valuable  material  has,  however,  been  brought  together,  and  certain  conduaions 
may  be  drawn  from  it.  The  first  is  that  a  number  of  experiments  have  been  made 
in  the  preservation  of  industrial  peace.  The  second  is  that,  in  spite  of  a  popular 
impression  to  the  contrary,  and  of  some  failures,  those  experiments  have  been 
attended  by  a  considerable  measure  of  success.  The  new  unionism  is  in  this 
connection  less  ominous  than  the  'demarcation  disputes'  which  have  lately  risen 
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into  prominence.  The  thiid  conduBion  is  that  the  conditions  of  suoceBs  are  now 
ascertained^  and  consist  in  organisation.  The  commissioners  express  this  opinion 
in  definite  language,  althoofh  they  enter  a  caution  against  hasty  inference  from  it^ 
and  the  secretary's  report  of  the  |)06ition  in  other  countries  shows  that  an  ahsence 
of  conciliatory  methods  accompanies  immaturity  of  organisation.  The  fourth  and 
last  conclusion  is  that  little  room  is  left  for  the  interyention  of  the  State^  save  in 
the  role  of  nadfic  counsellor.  This  conclusion  is  endorsed  hy  the  minoritT,  in  8]>ite 
of  their  coUectiTist  tendendes,  and  various  difficulties  attach  to  the  suDstitution 
of  the  compulsoiT  legal  authority  of  the  State  for  the  moral  influence  of  Toluntary 
organisation.  The  report  of  the  Commission  may  seem  petty  and  impotent  when 
contrasted  with  the  yastness  of  the  inquiry,  hut  prohahly  it  will  recommend  itself 
to  sober  common-sense. 


6.  On  WomefCs  Industries.     By  Miss  Maitland, 


6.  On  Girl  Li/e  in  an  Industrial  Centre}    By  Miss  Kbnwabd. 

Subject  of  woman's  work  too  large  and  complicated  to  allow  of  sweeping  con- 
clusions from  an  inquiry  limited,  as  the  present  one,  to  a  particular  mdustrial 
centre. 

The  centre  chosen  is  the  district  of  the  non-teztile  industries  at  Birmingham. 
Prindpid  trades:  Brass,  steel,  iron,  tubes,  guns,  ammunition,  jewellery,  screws^ 
nails,  steel  pens,  bedsteads,  chandeliers. 

The  number  of  registered  factories  is  three  thousand,  and,  roughly,  six  men 
employed  to  every  woman.  Kesult :  Girls'  labour  market  overstodced  and  com- 
petition keen.  The  trade  depression  of  late  years  makes  this  increasingly  felt. 
This  condition  is  aggravated  by  growing  aversion  of  girls  to  domestic  service. 
Keasons  for  this  aversion  are  the  unbusinesslike  relations  of  the  latter ;  the  cry 
for  liberty,  which  is  greater  than  the  cry  for  wages.  This  spirit  of  independence 
of  thought  and  control  is  fostered  by  the  spread  of  education.  The  remedy  for 
equalising  the  factory  and  service  markets  is  to  place  the  two  on  an  equal  footing 
as  regurds  contract  and  inspection. 

Conditions  of  service  are  more  desirable  than  conditions  of  the  factory,  because  of 
the  evils  produced  by  competition  such  as  {a)  starvation  wages,  which  oblige  girls  to 
eke  out  a  livelihood  dishonestly ;  (6)  frauds  and  deceits  practised  by  women  to 
obtain  and  keep  work.    Suggestions: — 

Possibility  of  labour  agencies.  Inspection  in  warehouses  unattached  to  factories^ 
and  in  shops  and  laundries. 

Position  of  centre  as  regards — 

(I)  Wages.— "For  imskilled  labour  7s.,  8s.,  9«.  a  week,  as  a  rule ;  10».  a  week  high. 
Girls  of  fifteen  and  sixteen  earn  d«.  Qd,  to  4«.  6<f.  a  week.  Centre  probably  stands 
midway  as  compared  with  Lancashire,  Wales,  Ireland. 

(U)  Health, — Lowered  vitality  rather  than  actual  disease ;  phthisis  and  anaemia 
common ;  epileptic  and  fainting  seizures  also  prevalent.  Spedally  unhealthy  work ; 
lac<)uering  and  enamelling  of  iron  plates.  Precautions  against  lead  poisoning  and 
their  disuse. 

(Ill)  The  Moral  Tone  of  Factory  Life, — Effect  of  married  women  in  factories 
bad.  Illustrations,  betting,  drinking,  and  immorality  are  due  in  lar^e  measure  to  their 
influence.  Efiect  of '  clubs,'  ^  rum  teas,' '  free-and-easies '  on  a  girl's  life.  Position 
of  girl  in  home  as  semi-lodger,  monotony,  and  lon^  hours  of  factory  tend  in  the 
.same  direction,  producing  a  desire  for  unrestrained  licence. 

Improvements  possiUe  partly  through  legislation,  combination,  and  partly 
through  the  raising  of  relations  between  employer  and  employed  from  mere  cash 
ones. 

'  Published  in  evtemo  in  Women  Workers^  September  1894.    Birmingham,  j 

Digitized  by  VjOOQIC 


"32  ^  REPORT— 1894, 

GonduBion :  That  in  the  mass  of  umkilUd  labour  in  such  centres  the  tendency^ 
is  towards  a  low  standard  of  morality,  and  the  conditions  of  industrial  life  for 
this  class  of  girls  are  in  greater  need  of  reform  than  the  present  conditions  of 
domestic  seryice. 


8A  TURD  A  F,  A  UG  UST  1 1. 

The  following  Papers  were  read : — 

1.  Statistica  of  Comparative  General  and  Old-age  Pauperism  in  England 
and  Wales,  1831  to  1891.     By  0.  S.  Loch. 

1.  Material  available.  Flan  of  investigation.  The  method  of  comparison 
adopted. 

2.  The  issues  to  be  settled : — 

(1)  Is  pauperism  on  the  increase  (a)  in  regard  to  children,  (6^  in  r^ard  to 

the  able-bodied,  (c)  in  regard  to  the  not  able-bodied|  including  the  aged 
and  infirm  P 

(2)  Is  there  leas  continuous  pauperism,  but  more  casual  and  intemuttent 

pauperism  P 
^3)  How  &r  are  local  habit  and  race  instinct  a  bitrrier  against  pauperism  P 

(4)  How  far  is  pauperism  influenced  by  administration  P 

(5)  Does  the  rule  hold  good  generaUj  that  reduction  of  outdoor  relief 

reduces  pauperism,  and  that  this  reduction  is  accompanied  by  a  slight, 
but  by  no  means  corresponding,  increase  in  indoor  relief  P 

(6)  Is  there  reason  to  believe  that  the  forces  now  at  work,  if  allowed  &ir 

play,  would  reduce  pauperism  and  State  maintenance  to  a  minimum  P 

(7)  Can  we  ascertain  what  standard  of  pauperism  may  fairly  be  expected  to 

prevail  in  any  circumstances  in  the  community  P 

3.  The  pauperism  of  the  union  as  shown  by  an  analysis  of  cases  in  some 
metropolitan  and  other  unions:  its  character;  how  far  it  is  transitory,  how  far 
permanent ;  how  it  is  relieved. 

4.  The  pauperism  of  England  and  Wales,  past  and  present:  in  regard  to 
children,  the  able-bodied,  and  the  not  able-bodied. 

5.  The  pauperism  of  the  union  counties  considered  historically : — 

(1)  The  pauperism  of  the  counties  in  the  year  1831,  as  shown  by  financial 

statistics. 

(2)  The  pauperism  of  the  counties,  recorded  and  comparative,  as  shown  in 

the  returns  for  the  Lady  Day  quarter  1840  to  1846. 

(3)  The  general  pauperism  of  the  counties,  recorded  and  comparative,  by 

January  1  returns:  1861,  1871, 1881,  1891  (sketch  maps  of  compara- 
tive pauperism  for  1862-71,  1872-81,  and  1882-91  were  exhibited). 
In  these  and  other  statistics  in  this  pauper  vagrants  and  lunatics  are 
omitted,  unless  their  inclusion  is  mentioned. 

(4)  The  not  able-bodied  and  old-age  pauperism  of  the  counties. 

6.  The  pauperism  of  the  unions  of  forty-one  large  towns,  including  London, 
shown  on  the  comparative  method,  1861  to  1891.  The  relation  of  London  and  the 
large  towns  to  the  country  generally  in  regard  to  pauperism. 

7.  A  comparison  of  the  year  1881,  based  on  Mr.  HoUond's  return,  with  the 
jear  1892,  based  on  Mr.  Ritchie's  return,  showing  the  decrease  in  the  volume  of 
pauperism  in  the  year. 

8.  The  pauperism  due  to  old  age :  its  true  measure  and  amount. 

9.  The  present  restraints  on  pauperism. 

10.  The  finances  of  Poor  Law  administration.     On  what  heads  and  in  what 
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counties  there  has  heen  an  increase.    The  relation  of  London  to  the  larger  towns^ 
of  these  to  the  rest  of  the  country  in  respect  of  expenditure  on  poor  relief. 
11.  Conclusions  on  the  issues  raised. 


2.    Proposalafor  an  Agreement  on  the  Terms  *  Bent '  and  *  Interest,^ 
By  C.  S.  Dbvas. 

Need  of  agreement  in  terminology  to  preyent  fruitless  discussion. — Ohanses  and 
uncertainty  from  the  time  of  Adam  Smith  on  the  classification  of  incomes  oriefly 
illustrated. — One  reason  for  this  is  the  ahstraction  that  separates  land  fron» 
capital, — Economic  authorities  for  making  only  two  requinties  of  production, 
persons  and  things,  or  lahour  and  capital.— rrofessor  B5hm  Bawerk's^t^a  reastms 
for  separating  land  from  capital  answered :  First,  that  land  is  immovahle,  capital 
mostly  movahle.  Secondly,  that  land  is  the  gift  of  Nature,  capital  the  result  of 
lahour  (Bohm  Bawerk's  definition  of  capital  amended. — Dr.  Sidgwick*s  wide  yiew 
of  capital  does  not  affect  the  present  issue). — Thirdly,  that  land  cannot  he  increased,, 
while  capital  can  (uniyersal  application  of  the  law  of  diminishing  returns). — 
Fourthly,  that  the  social  and  economic  position  of  the  landowner  is  quite  different 
from  that  of  the  capitalist. — Fifthly,  that  under  certain  circumstances  land-rent 
rises  while  interest  falls.  Conclusion,  that  the  separation  of  land  from  capital  is 
logically  indefensihle,  historically  misleading,  and  practicaUy  inconvenient. — 
Classification  of  incomes  into  rewards  of  lahour,  returns  from  capital,  and  a  comhi- 
nation  of  the  two.--Objection  on  there  being  no  place  for  the  doctrine  of  rent — 
Professor  Marshall  on  that  doctrine. — Character  of  differential  gains  above  l^ose 
of  the  marginal  pair  in  a  market. — ^The  so-called  rent  of  land  one  out  of  many 
such  differential  gains. — Need  of  one  term  for  all  such  gains,  and  of  another  term 
for  all  receipts  mm  property. — Advanti^  of  using  the  term  rent  for  all  such 
receipts,  ana  rentier  for  their  receiver. — Difficulty  from  the  frequent  use  of  economic 
rent  for  differential  gains  and  of  interest  for  receipts  from  property. — ^Need  of 
coming  to  an  agreement. — ^The  strange  misunderstanding,  for  example,  that  the- 
economic  doctrine  of  the  Fathers,  Canonists,  and  Theologians  is  socialistic  could 
never  have  arisen  had  our  terms  been  clear. 


3.  On  the  Economic  BestUts  of  the  Black  Death  in  Italy, 
By  Maxime  Kovalevskt. 

The  pestilence  of  134S-49  produced  all  over  Europe  the  economical  results  it  had 
in  Engluid.  The  depopulation  of  Europe  hrought  forward  the  labour  question^ 
For  the  first  time  it  nad  to  be  treated,  on  a  large  scale,  as  a  question  of  almost  in- 
tematioual  importance.  Without  any  previous  agreement  the  Governments  of 
France,  Aragon  and  Castella,  as  well  as  tne  political  authorities  of  independent  or 
semi-dependent  cities  of  Italy  and  the  German  Empire,  issued  ordinances  prohibiting 
idleness,  enforcing  the  obligation  of  farmers  to  pay  rents,  and  regulating  the  wages 
of  labourers  and  working  men.  The  fall  of  serfaom,  which  was  almost  accomplished 
in  Italy  at  the  end  of  the  thirteenth  century  (Piedmont  and  Frioul  excepted), 
^jreated  here  centuries  before  they  are  found  in  France  or  Germany  a  large  class  of 
£ree  farmers  (Mezzeria  di  Toscaua,  i  terziafori  di  Lombardia,  &c.)  and  free  working- 
men.  A  regulation  of  wages  ajipears  already  in  the  thirteenth  century.  Pisa, 
Mantua,  Nice,  some  Sicilian  municipalities,  tried  to  establish  a  l^al  standard  of 
wages.  Their  example  was  followed  at  the  end  of  the  pestilence  by  almost  every 
city  of  Middle  Italy.  Florence,  Sienna,  Orvieto,  Toai,  &c.,  issued  orders  and 
statutes  affainst  the  enhancement  of  wages,  either  according  to  the  labourers  and 
artisans  the  right  to  a  supplementary  nay,  not  surpassing  the  third  of  the  wa^a 
they  got  heforo  the  pestilence,  or  totally  refusing  any  increase  of  remuneration. 
Venice  alone  tried  to  achieve  the  same  end — the  lowering  of  wsges— by  the  way 
of  libraiy.  Its  example  was  followed  by  dependent  municipalities,  such  as  Treviso 
or  Kagnsa.    All  encouraged  emigration,  according  great  facilities  to  new  settlers, 
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admitting  them  to  the  crafts,  guilds,  and  to  the  ezercifle  of  commeioe.  Their  ei^ 
deavours  were  successful.  At  the  end  of  the  century^  notwithstanding  saTeral  new 
appearances  of  the  plague,  the  Repuhlic  of  St  Mark  was  repopnlated,  and  the 
wages  fell. 


MONDAY,  AUGUST  13. 

The  following  Papers  were  read : — 

1.  On  Inequality  of  Local  Rates:  its  Extent,  Causes,  and  Consequences. 
By  Edwin  Cannan,  ii.A, 

The  intricacy  of  the  system  under  which  money  raised  by  one  local  authority 
is  usually  expended  by  several  others,  the  immense  numwr  of  different  areas 
created  by  the  oyerlapping  of  the  various  kinds  of  districts,  and  the  inadequacy  of 
the  published  returns,  make  it  impossible  to  ^ve  any  very  comprehensive  statistics 
as  to  the  inequality  of  rates  in  England.  In  the  small  county  of  Oxfordshire  the 
number  of  districts  governed  by  different  combinations  of  rate-raising  authorities 
exceeds  sixty,  and  the  sum  of  the  rates  varies  from  about  Is.  M,  to  aoout  6».  M^ 
the  highest  and  the  lowest  rated  districts  being  within  ten  miles  of  each  other.  In 
the  whole  of  England  and  Wales  the  lowest  rated  district  pays  about  1«.,  and  the 
highest  over  8«. 

The  chief  causes  of  inequality  of  rates  may  be  classified  as  follows : — 

(1)  Unequal  returns  from  investments  and  unequal  repayments  of  debt. 

(2)  Unequal  services  performed  for  self-supporting  persons  by  the  local 

authorities. 

(3)  Inequalities  of  situation  and  circumstances  which  cause  the  same  services 

to  cost  unequal  amounts. 

(4)  Unequal  endowments. 

(b)  Unequal  voluntary  liberality. 

(6)  Unequal  cost  of  certain  charges  imposed  by  law  on  localities,  although 

they  do  not  increase  the  aavantages  of  a  locality  as  a  place  of  boainees 
or  residence  for  sdf-supporting  persons. 

(7)  Inequalities  of  competence  or  honesty  on  the  part  of  the  authoritids. 

The  consequences,  considered  from  the  point  of  view  of  just  distribution,  are 
good  so  far  as  the  inequalities  are  occasioned  by  causes  1|  2,  3,  and  7,  bad  so  far  as 
they  are  occasioned  b^  cause  6,  and  haphazard  so  fur  as  they  are  occasionfid  by 
causes  4  and  5.  Considered  from  the  point  of  view  of  maximum  productivenees 
of  industry,  the  consequences  of  the  inequalities  are  good  so  iSur  as  they  are  ooca- 
eioned  by  causes  1,  2,  o,  and  7,  and  bad  so  far  as  they  are  occasioned  by  causes  4, 
5,  and  6. 


2.  A  Few  Remarks  on  Fifty  Years*  Accounts  of  the  Bank  of  England, 
By  A.  W.  Flux,  MA. 

The  completion  of  fifty  years  of  the  operation  of  the  present  Bank  Charter, 
coinciding  as  it  does  with  the  bicentenary  of  the  Bank,  seems  a  suitable  oocaaion 
for  the  study  of  the  accounts. 

The  active  note-circulation  of  England  and  Wales  is  now,  owinff  to  the  operatioa 
of  the  Act  of  1844,  almost  entirely  in  the  hands  of  the  Bank  of  England.  The 
Bank  of  England  has  fewer  notes  in  circulation  than  fifteen  yean  ago,  and  the 
total  active  note-circulation  of  the  country  is  hardly  greater  now  than  when  the 
Act  was  passed.  The  bank-note  is,  in  fact,  used  in  business  to  a  much  less  extoit 
than  formerly,  other  means  of  exchange  and  remittance,  such  as  cheques,  having 
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been  subatituted  for  it  The  annual  variation  of  the  quantity  of  notes  in  circulation 
has,  of  recent  years,  been  much  more  uniform  than  it  formerly  was.  The  amount 
of  the  variation  is  two  and  a  half  to  three  millioos  in  a  total  of  about  twenty-five 
millions.  The  year  1869  alone  shows  a  less  difference  than  two  miUions  between 
the  minimum  and  maximum.  There  were  verv  large  variations  at  the  time  of  the 
1866  panic,  and  in  the  years  1878-9.  In  the  latter  case  the  variation  consisted  of 
a  greatlv  increased  circulation  in  1878,  which  did  not  be^n  to  return  to  the 
normal  level  till  1879  was  far  advanced.  Taking  three  milhons  as  the  ordinary 
variation  iu  a  year,  the  circulation  in  these  years  varied  in  excess  of  the  normal  by 
2*6  and  3*8  millions  respectively.  It  seems  rather  unlikely  that  such  lar^^e 
increases  of  the  normal  variation  should  be  due  to  the  ordinary  use  of  the  bank- 
note for  making  cash  payments.  Probably  a  considerable  nroportion  of  the 
registered  increase  was  merely  an  addition  to  the  till-money  held  by  bankers,  and 
was  never  really  in  active  circulation.  How  much  of  the  ordinary  active  circula* 
tion,  so-called,  is  of  the  same  nature  there  are  no  means  of  telling. 

The  Gther  deposits  have  largely  increased.  Taking  the  half-century  in  five 
periods  of  ten  vears,  the  average  amount  of  other  deposits  in  each  period  has  been 
about  eleven,  thirteen,  eighteen,  twentv-four,  and  twenty-seven  and  a  half  millions. 
The  considerable  increase  in  the  month  of  April,  which  was  so  marked  during  the 
decennium  1844-64  that  the  maximum  of  the  year  was  reached  in  the  middle  of 
that  month,  has  now  almost  vanished.  The  annual  variation  is  less  in  proportion 
to  the  total  than  formerly,  having  then  been  about  20  per  cent,  on  either  side  the 
average,  while  during  the  last  decade  it  averaged  hardly  more  than  16  per  cent. 
"What  proportion  of  the  increased  deposits  are  bankers'  balances  is  not  known,  it 
being  nearly  twenty  years  since  the  Bank  ceased  to  supply  this  useful  piece  of 
information.  The  fluctuations  of  other  deposits  have,  during  the  last  ten  years, 
been  less  steady  than  formerly. 

The  pubitc  deposits  vary  in  a  manner  markedly  different  flrom  that  of  fiftv  years 
ago.  Then  there  was  a  regular  quarterly  ebb  and  flow  not  differing  much  from 
quarter  to  quarter.  The  changes  in  the  collection  of  the  taxes  have  led  to  the 
increase  of  tke  March  maximum  and  the  progressive  decrease  of  the  others.  This 
mijces  the  maximum  of  total  deposits  fall  at  the  end  of  March,  in  spite  of  the 
decrease  of  the  importance  of  the  spring  variation  of  other  deposits. 

Taking  next  the  coin  and  buUionf  we  notice  that  this  item  shows  more  frequent 
variation  than  formerly.  Its  amount  has  increased  by  little  more  than  one-half  as 
compared  with  half  a  century  ago,  and  the  average  of  the  last  ten  years  is  nearly 
10  per  cent,  less  than  that  ot  the  preceding  ten  years.  No  information  is  generally 
afforded  as  to  the  proportions  between  the  coin  and  bullion  held,  dr  as  to  the 
amonnt  of  silver  coin  in  the  banking  department. 

The  reserve  is  the  item  of  the  account  which  attracts  greatest  attention.  The 
annual  variation  for  the  last  ten  years  has  averaged  about  26  per  cent,  on  either 
side  of  the  mean,  while  in  the  ten  vears  after  1844  it  was  nearly  80  per  cent.  The 
average  reserve  during  these  two  decades  has  been  about  fifteen  and  nine  millions 
respectively.  As  the  total  deposits  have  doubled,  while  that  part  of  them  which 
reflects  most  closely  the  business  of  the  country,  the  <  other  deg^sits,'  has  increased 
by  160  per  cent.,  the  increase  of  reserve  seems  inadequate.  For  the  three  years 
1891-2-3  the  reserve  has  averaged  sixteen  millions,  while  the  other  deposits  have 
averaged  nearly  thirty-two  millions. 


3.  On  the  ^Economic  Ifereaies*  of  the  London  County  Council. 
By  Sidney  Webb,  LL.B.,  L.C.C. 

The  Council  has  been  intelligently  criticised,  from  an  economic  point  of  view, 
mainly  on  three  grounds :  (a)  its  adoption  of  a  *  standard  *  and  '  moral  minimum ' 
of  wages,  and  consequent  refusal  to  take  advantage  of  the  fiercest  competition  in 
reducing  the  price  (n  labour ;  (b)  its  attempt  to  ensure  that  all  contractors  exe- 
cuting work  for  the  Council  should  adopt  the  same  policy ;  and  (c)  its  supersession 
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of  the  contractor,  whereyor  possible,  by  the  direct  employment  of  workmen  under 
salaried  management. 

The  facts  and  statistics  friven  in  the  paper  show  precisely  what  has  been  done 
in  these  respects,  together  with  such  economic  results  as  can  already  be  discerned. 
It  b  contended  that  the  Council's  action  is  warranted  by  aU  administrative  expe- 
rience, and  Uiat  it  has  the  support  of  economic  science.  It  is  suggested  that  the 
'economic  heresy'  is  with  tne  opponents  of  this  policy.  The  experience  of  the 
National  Government,  other  local  authorities,  and  private  customers  is  adduced  in 
support  of  the  policy  of  insiBting  that  contractors  should  act  on  a  like  principle. 
The  contractor  s  tendency,  if  let  alone,  is  to  seek  his  profits  in  a  diminution,  not 
necessarily  of  the  cost  of  production  to  the  community,  but  of  the  expenses  of  pro- 
duction to  himself.  The  lesson  of  economic  science  is  that  it  is  advantageous  to  the 
community  that  there  should  be  a  constant  upward  shifting  of  the  plane  on  which 
competition  works  (cf,  the  Factory,  Sanitary,  and  Adulteration  Acts),  and  espe- 
cially that  its  pressure  should  be  taken  off  the  standard  of  life,  and  placed  on  Uie 
brains  of  the  administratorR  and  directors  of  industry. 

The  supersession  of  the  contractor,  or  entrepreneur^  by  direct  employment  under 
salaried  management  is  shown  to  be  part  of  a  widespread  tendency,  common  not 
only  to  other  governing  bodies,  but  also  to  laige  industrial  undertakings  of  every 
kind.  This '  integration  of  processes '  can  be  traced  in  all  important  undertakings. 
So  far  as  the  change  of  policy  can  be  assigned  to  a  particular  date,  it  appears  to 
have  taken  place  between  1875  and  1885.  Economic  advantage  in  this  suppression 
of  the  subsidiary  entrepreneur,  or  contractor,  is  found  (a)  in  saving  middleman 
profit ;  (b)  in  saving  expense  of  incessant  chedcing  of  the  quality  of  his  product ; 
and  (e)  in  increased  convenience  of  having  all  parts  of  work  done  under  direct 
control.  The  London  County  Council,  in  doing  as  much  as  possible  of  its  own 
work,  is  thus  merely  conforming  to  an  industrial  tendency,  strongly  nuirked,  not 
only  in  other  local  governing  £)die8,  but  also  throughout  the  industrial  world. 
The  elimination  of  uie  contractor  may  or  may  not  m  economic  heresy,  but  the 
business  history  of  England  during  the  past  twenty  years  indicates  that  it  is 
indastrial  orthodoxy.  Formerly  the  best  business  management  was  held  to  be 
that  which  managed  least ;  nowadays  it  is  that  which  can  safely  and  efficiently 
administer  most. 


4.  On  Co  operation  in  Agriculture.    By  Harold  Moobb. 

It  was  pointed  out  that  many  systems  of  working  land  in  order  to  give  the 
workers  the  profits  earned  by  them  had  been  tried.  These  were  divided  into  four 
classes,  viz.,  communal  fanning,  being  those  cases  where  the  co-operators  worked 
on  equal  terms  for  the  benefit  of  the  oommunityi  as  tried  at  Ratalime  in  Ireland ; 
co-operatiye  tenancy,  where  the  co-operators  jointly  took  the  position  of  ordinary 
tenants,  as  at  Assmgton  in  Suffolk,  and  elsewhere;  profit-sharing,  where  the 
labourers  had  some  share  in  the  management,  as  tried  by  Lord  Spencer  in  North- 
amptonshire and  by  Mr.  Bolton  Eling  in  Warwickshire ;  and  profit-sharing  as  « 
voluntary  arrangement  made  by  landowners  working  their  own  property,  as 
carried  out  by  Mr.  Albert  Grey  in  Northumberland  and  by  others.  The  reasons 
why  the  first  three  systems  were  not  likely  to  be  successful  were  pointed  out,  and 
it  was  urged  that  for  co-operation  in  agriculture  to  succeed  it  was  necessaiy  that 
distinct  individual  interest  should  be  combined  with  those  advantages  which 
co-operation  would  give.  This  it  was  claimed  could  be  done  by  the  estaUishment 
of  the  intending  co-operators  on  one  farm,  giving  to  each  one  a  particular  portion 
of  the  land  on  perpetual  lease  or  other  secure  tenure,  and  securing  for  their 
general  benefit  agricultural  credit  banks,  farm  factories,  and  other  means  of  co- 
operation which  would  assist  in  working  the  land  and  reidising  that  portion  of  tiie 
produce  which  would  not  be  consumed.  Instances  were  tJien  given  of  this  system 
of  co-operation  which  is  now  being  introduced  with  useful  results,  it  being  finally 
urged  that  this  was  the  best  system  by  which  those  agricultural  labourers  now  in 
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"want  of  rep^ar  employment,  owing  to  the  existing  condition  of  agriculture,  would 
be  heat  assisted  to  secure  maintenance  for  themselves  and  families. 


TUESDAY,  AUGUST  14. 

The  following  Reports  and  Papers  were  read  :— 

1.  Report  of  the  Committee  on  Methods  of  Economic  Training  in  this 
and  other  Countries, — See  Reports,  p.  365. 


2.  Report  of  tlie  Committee  on  Teaching  of  Science  in  Elementary 
Schools.  —See  Reports,  p.  359. 


3.  On  the  Relation  between  Wages  and  the  Numbers  employed  in  the 
Coal-mining  InduMry,     By  R.  H.  Hooker,  M,A, 

The  influence  of  wages  in  attracting  labour  to  an  industry  is  best  shown  by  means 
of  a  diagram,  and  the  industry  concerning  which  we  possess  the  most  trustworthy 
statistics  of  wages  and  of  the  numbers  employed  over  a  series  of  jears  is  un- 
doubtedly coal  mining.  The  data  concerning  this  occupation  have  accordingly 
been  plotted  on  the  annexed  diasrram,  in  whicn  the  upper  (continuous)  line  repre- 
sents the  course  of  wages  in  1871-91  in  the  county  of  Durham  (according  to  the 
evidence  of  Mr.  L.  Wood  before  the  Labour  Commission  ^),  while  the  lower 
(dotted)  line  shows  the  number  of  persons  employed  in  coal  mining  in  the  same 
county  (taken  from  the  annual  reports  of  the  mining  inspectors).  The  wages 
are  expressed  in  percentages  above  or  below  the  rate  paid  in  1871. 

Wages.  Wagea. 

Per  Cent.  Year :—  Per  Cent, 

above  or   1871  '2  »3  *\  '6  •«  7  '8  '9  '80  '1   '2  '8  '4  '5  •«  7  '8  '9  '90  »1  '2  '3       above  or 
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The  correspondence  of  the  two  curves  is  very  apparent,  and,  judging  by  the 
magnitude  of  the  fluctuations,  it  would  seem  that  the  variations  in  the  number 
of  the  employis  must  be  attributed  almost  entirely  to  the  changes  in  wages. 
Especially  the  very  large  increase  of  miners  in  1872-74  and  1889-91  can  hardly 
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•be  ascribed  to  any  other  cause  than  to  the  attraction  of  the  great  rise  in  wages  at 
those  periods.  It  must  be  remembered  that  the  coal-mining  industry  is  in  many 
respects  peculiar,  the  organisation  of  the  men  is  very  complete,  and  the  principle 
of  the  sliding  scale  is  everywhere  in  force,  even  in  those  districts  where  a  scale 
does  not  actually  determine  the  wages.  These  latter  being  then  dependent  on 
prices,  employers  cannot  lower  their  rate  of  pay  when  the  supply  of  laoour  la  un- 
usually large,  nor  can  they  raise  the  remuneration  unless  there  is  a  corresponding 
change  in  the  price  of  coal.  It  would  seem,  then,  that  the  numbers  depend  on  the 
wages.  It  does  not  follow  that  this  condition  prevails  in  every  occupation,  but  it 
1b  probable  that,  according  as  the  organisation  of  the  men  in  any  industry  is  more 
complete,  there  is  a  greater  tendency  in  that  industry  for  the  numbers  employed 
to  follow  the  wages. 

4.  PopuUvr  Attitude  towards  Economics,    By  Rev.  L.  R.  Phelps,  M,A, 

Economics  once  a  rule  of  conduct,  now  either  contemned  or  patronised. 
History  of  the  change  of  opinion. 
Reasons  for  the  change : — 

1 .  On  the  part  of  economists : 
Desertion  of  the  d  priori  method. 

Attempts  to  generalise  from  an  existing  state  of  things. 
Tendency  to  be  content  with  an  historical  explanation  of  facts. 

2.  On  the  part  of  the  public : 

Dislike  of  exercise  of  reasoning  powers. 

Tendency  to  substitute  an  appeal  to  sentiment  for  appeal  to  reason. 

Impatience  of  slow  growths. 

Possible  remedies : — 

1.  A  narrowing  and  defining  of  the  field  of  economics, 

2.  Education  of  the  public  by  experience. 


5.  On  the  RelcUion  between  Wages,  Hours^  and  Prodiictivity  of  Labour, 
By  J.  A.  HoBSON,  M.A. 

Progressive  wages.  Operative  upon  difierent  elements  of  industrial  efBcienC}*. 
Economic  limits  in  several  kinds  of  work.  (1)  The  navvy ;  (2)  the  agricoltuial 
labourer ;  (3)  the  textile  worker.  Curves  of  productivity  in  relation  to  rising  vrages. 

Progressive  leisure:  Two  classes  of  effects:  (1)  Compression  and  intensifica- 
tion of  effort  per  unit  time ;  (2)  improved  (quality  of  labour  by  utilisation  of  leisure. 
Curves  of  productivity  as  affected  by  (1)  objective  economic  conditions  of  industxr ; 
(2)  race,  class,  climatic  and  other  conditions  affecting  labour.  Relativity  of  toe 
policy  of  a  short  working  day. 

Combined  action  of  rising  wages  and  reduced  hours  of  labour.  Interdependency 
of  the  two.  Complex  character  of  the  curve  expressing  the  joint  action.  The 
assimilation  of  fresh  increments  of  wages  and  Idsure. 

Progressive  wages  and  leisure  dependent  upon  advancement  of  industrial  arts. 
Power  of  the  former  to  direct  and  stimulate  the  latter.  Limits  to  this  power. 
Comparison  of  advanced  and  backward  trades  in  respect  to  the  progressive  policy 
of  wages  and  hours.  Inductive  arguments  for  the  flight  Hours*  Day.  How  far 
valid  P    Qeneral  summary  of  relations  of  wages,  hours,  and  productivity. 
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SEcnoN  a— MECHANICAL  SCIENCE. 

PBniBBKT  09  THB  Sbctioit— Profefl«>r  A.  B.  W.  KBirirBBT,  LL.D.,  F.B.S., 

MJirsT.C.E. 


THURSDA  r,  A  UG  U8T  9. 
The  President  delivered  the  following  Address : — 

The  Critical  Side  of  Mechanical  Training. 

While  there  is  no  place  in  the  kin^om  more  suitahle  for  a  meeting  of  the  British 
Association  than  Oxford,  and  certainly  no  place  in  which  it  is  more  delightful  for 
the  members  to  meet,  it  is  yet  to  be  admitted  that  there  are  few  pla^s  D^ich 
have  much  less  in  common  with  the  special  work  of  Section  G.  Nominally 
devoted  to  *  Mechanical  Science/  the  Section  has  for  many  years  specially  dealt 
with  those  branches  of  applied  mechanical  science  which  constitute  the  business  of 
the  engineer — to  quote  the  well-known  words  of  the  Royal  Charter,  *  the  art  of 
diiecting  the  great  sources  of  power  in  Nature  for  the  use  and  convenience  of  man.' 
The  association  of  this  ancient  and  learned  city  with  boilers  and  chimney s,  with 
the  noise  and  racket  of  ordinary  mechanical  work,  seems  an  incongruity.  Even 
the  harmless  necessary  railway  station  is  kept  as  far  away  as  possible,  and  the 
very  river  flows  with  a  quiet  dignity  which  seems  to  shut  out  the  thought  of 
anything  more  mechanical  than  the  most  ancient  and  futile  of  water-wheels. 

Naturally  enough  these  considerations  did  not  tend  to  make  more  easy  the 
choice  of  a  subject  for  this  address,  and  I  have  come  very  near  to  agreement  with 
a  recent  critic  in  the  opinion  that  presidential  addresses  are,  in  fact,  almost 
imnioral  in  the  nature  of  things  and  fit  only  to  be  abolished.  Finally,  I  decided  upon 
taking  up  my  present  subject,  as  being  one  in  which  the  academic  rather  than  the 
technical  side  of  our  work  comes  to  the  front,  while  at  the  same  time  it  does  not  lead 
me  out  of  lines  in  which  I  have  been  able,  in  past  years,  to  work  myself.  It  is  now 
twenty  years  since  I  first  took  any  active  part  in  the  scientific  training  of  engineers, 
and  five  since  I  ceased  to  do  so.  I  have  often  wished  that  I  may  have  been  at  all 
as  successful  in  teaching  others  at  University  College  as  I  was,  at  the  same  time,  in 
teaching  myself.  And  since  I  have  ceased  to  teach  I  seem  to  have  been  snending 
my  time  in  findinpr  out  how  much  better  I  could  now  do  it  than  was  possible  when 
I  was  actually  engaged  in  it.  This  raav  be  pure  imagination  on  my  part:  there 
is  nothing  more  easy,  as  we  all  know,  than  to  suppose  that  we  know  best  now  to 
do  the  things  that  other  people  do,  and  not  the  things  we  have  to  do  ourselves. 
Indeed,  I  understand  that  this  is  the  recognised  attitude  of  the  really  superior 
critic.  If,  however,  in  anything  which  I  have  to  say,  it  should  seem  that  I  am 
finding  fault  with  what  is  now  being  done,  I  may  at  least  point  out  that  most  of  all 
I  am  finding  fault  with  myself  for  not  having  done  riffht  when  I  had  the  opportu- 
nity— an  opportunity  which  can  now  never  recur.  Indeed,  instead  of  the  decorouB 
and  unobtrusive  heading  which  I  have  given  to  this  address,  I  might  have  indicated 
its  general  lines  almost  as  truly  if  I  had  entitled  it  '  The  Begrets  of  an  EmeritoflL 
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Professor ' — a  name  which,  on  a  suitable  binding,  might  even  have  secured  it  a  sale 
at  the  railway  bookstalls. 

I  know  well— too  well — that  in  the  present  congested  state  of  the  anginemng' 
profession  there  are  many  of  us  who  do  not  like  to  hear  the  word  'training'' 
mentioned  at  all.  It  seems  to  mean  merely  the  preparation  of  more  lada  to 
struggle  for  a  share  of  work  that  is  even  now  insufficient  to  ffo  round.  There  is  no 
doubt  much  to  be  said  for  this  point  of  view.  But  against  it  one  must  remember 
that  all  other  professions  are  equallv  full,  and  that,  after  all,  lads  must  do  some- 
thing. The  fault  is  surely  that  there  are  too  many  lads !  If  our  population  is 
really  to  go  on  increasing  as  rapidly  as  at  present — the  benefits  of  which  Sections  D, 
£,  and  F  might  have  a  joint  meeting  to  discuss,  if  not  to  discover — it  is  inevitable 
that  demanis  should  come  for  more  and  more  complete  professional  preparation. 
The  man  of  exceptional  narts  will  come  to  the  f«t>nt  under  any  conditions,  training 
or  no  training,  in  the  future  as  in  the  past.  But  for  ordinary  men — ^that  is,  for 
99  per  cent,  of  us — it  is  essential  that  no  advantage  should  be  given  to  a  rival  in 
the  fierce  competition  of  life,  and  for  them  therefore  it  is  of  an  importance  hardly 
to  be  exagp>rated  to  obtain  the  most  complete  and  perfect  training  possible.  At 
the  same  time,  and  on  purely  general  grounds,  it  can  hardly  be  deniea  that  to  raiae 
the  standard  of  our  profession  is  indirectly  to  confer  a  benefit  on  the  whole  oook- 
munity.  I  hope,  therefore,  that  in  making  certain  suggestions  about  the  training 
of  engineers,  it  will  not  be  thought  that  I  am  desirous  of  increasing  their  number, 
which  is  really  an  end  as  far  as  possible  from  my  own  wishes.  Whether  tiie 
number  Increases  or  stands  still  or  falls  off,  it  is  of  importance  from  every  point  of 
view  that  those  who  come  forward  should  be  as  well  prepared  as  possible.  And 
even  the  most  conservative  of  us  are  compelled  to  recognise^  that  the  standard 
required  in  engineers'  offices  now  is  enormously  higher  than  it  was  thirty  years 
a^.  This  may  truly  be  either  the  cause  or  the  effects  of  improved  training,  but  in 
either  case  it  has  made  the  training  itself  a  necessity. 

The  particular  aspect  of  mechanical  training  of  which  I  wish  to  speak  is  its 
critical  side.  I  do  not  know  how  a  man  should  be  trained  to  be  an  inventor.  I 
would  not  tell  anyone  if  I  did !  To  be  a  creator  in  mechanical  matters— which, 
however,  is  a  quite  different  thing — is  a  faculty  given  only  to  a  very  few,  and  with, 
them  it  is  '  born,  not  made.'  Many  of  us,  however,  without  being  either  inventors 
or  creators,  have  sufficient  natural  aptitude  or  inclination  towards  thinss  mechanical 
to  form  a  basis  for  the  trainer  or  educator  to  work  on,  with  some  nope  that  be 
may  be  of  service.  About  the  sciences  which  should  be  taught  to  such  men,  or  the 
methods  of  teaching  them,  about  the  extent  and  nature  of  their  experience  in  shops 
or  on  works,  I  do  not  intend  to  speak.  I  shall  confine  myself  to  one  aspect  of  the 
training  only,  an  aspect  which  is  perhaps  not  always  sufficiently  dearly  kept 
in  view — the  aspect  which  I  have  just  called  the  critical  side  of  mechanical 
training. 

An  engineer  is  a  man  who  is  continually  being  called  upon  to  make  up  his 
mind.  It  may  be  only  as  to  the  size  of  a  bolt ;  it  may  be  as  to  the  type  of  a  Forth 
Bridge ;  it  may  be  as  to  the  method  of  lighting  a  city ;  or  only  as  to  the  details  of 
a  fire-grate.  But,  whatever  it  is,  once  it  is  settled  it  is  decided  irrevocably — ^it  is 
translated  into  steel  and  iron  and  copper,  and  cannot  be  revoked  by  an  Act  passed 
in  another  session.  The  time  given  him  in  which  to  decide  may  be  a  day,  or  a 
month,  or  a  year,  but  in  any  and  every  case  (so  far  as  my  own  experience  goes) 
it  is  about  one-tenth  part  of  the  time  which  he  would  like  to  have.  It  is  omy  in 
rare  cases  that  the  decision  is  obvious — ^most  often  there  are  more  courses  open 
than  even  the  most  facile  politician  ever  dreamt  of.  The  matters  are  too  oomplex 
to  be  dealt  with  mathematically  or  even  physically ;  even  if  they  were  not,  there 
are  few  engineers  who  would  have  the  special  capacity  to  handle  them.  Moreover, 
their  solutions  are  seldom  '  unique.'  From  this  point  of  view,  the  whole  use  of 
oolite  training,  of  workshop  practice,  of  practical  experience,  is  to  provide  the 
engineer  later  on  with  the  means  of  critically  examining  each  question  as  it  comes 
up,  of  reviewing  systematically  the  pros  and  cons  of  each  method  of  dealbg  vdth 
it,  of  coming  finally,  rapidly,  and  positively  to  some  defensible  deciaon,  whicn  maj 
then  be  irrevocably  carried  out. 
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In  the  eaae  of  a  problem  in  pure  mathematics  or  physics,  where  only  one  right 
solution  can  exist,  that  solution  is  arrived  at  by  the  help  of  a  thorough  knowledge 
of  the  science  in  question— there  is  little  room  for  the  critical  faculty  except  as  to 
method — the  result  is  either  right  or  wrong.  With  our  work,  on  the  other  hand, 
solutions  of  all  problems  except  the  very  simplest — in  other  words,  decisions  on  all 
points  which  present  themselves— can  be  arrived  at  only  by  a  process  of  criticism 
applied  to  the  problems,  to  their  statement,  to  their  coudition,  to  all  their  many 
possible  solutions.  The  development  of  the  necessary  critical  &culty  should  be 
one  of  the  chief  aims  of  every  teacher  and  every  student. 

A  scientific  training  cannot  make  a  man  an  engineer.  Perhaps  it  is  impossible 
for  anything  to  make  a  man  an  engineer  unless  he  has  grown  that  way  from  the 
beginning !  But  a  scientific  training  may  make  him,  or  at  least  give  him  the  possi- 
bility of  making  himself,  a  critic. 

In  the  vigorous  attempts  which  have  been  made  to  specialise  the  education  of 
engineers  very  early,  I  am  afraid  that  the  idea  of  teachmg  subieds  is  sometimes 
too  prominent,  to  the  neglect  of  matters  less  obviously  useful.  It  is,  of  course,  one 
thing  to  know  a  subject  irom  the  examination  point  of  view,  and  quite  another  to 
be  able  to  think  about  it,  and  stall  another  to  be  able  to  write  about  it.  In  parti- 
cular, I  have  often  regretted  to  find  how  little  attention  has  been  given  to  a  matter 
which  perba]^  may  be  called  literary  rather  than  scientific,  but  which  is  all-impor- 
tant in  criticism,  I  mean  to  the  power  of  expression.  It  is  not  easy  to  overrate 
the  importance  to  the  engineer,  as  to  other  folk,  of  the  power  of  saying  clearly 
what  he  means,  and  of  saying  just  what  he  means.  I  do  not  mean  only  of  doing 
this  for  its  own  sake,  but  b^ause  if  a  man  cannot  say  or  write  clearly  what  he 
means  it  is  improbable  that  he  can  think  clearly.  By  the  power  of  expression 
I  do  not  mean,  of  course,  the  mere  power  of  speaking  fluently  in  public,  a  thing 
which  appears  physically  impossible  to  some  people ;  I  mean  rather  the  power  of 
expression  in  writing,  which  carries  with  it  clearness  and  consecutiveness  of  thought. 
It  is  difiicult  to  know  how  this  matter  can  be  taught,  but  at  least  it  can  be  in- 
sisted upon  probably  to  a  much  greater  extent  than  is  commonly  the  case.  A 
man  requires  to  see  clearly  not  only  the  exact  thing  which  he  wants  to  say,  but 
the  whole  environment  of  that  thing  as  it  appears  to  him.  Not  only  this,  but  he 
must  see  the  whole  environment  of  the  same  thing  as  it  appears  to  the  persons 
for  whom  he  is  writing,  or  to  whom  he  is  speaking.  He  has  to  see  what  they 
know  about  the  matter,  what  they  think,  ana  what  they  think  they  know,  and  u 
he  wishes  to  be  really  understood  has  got  to  do  much  more  than  merely  write  the 
thing  he  means.  He  has  carefully  to  un write,  if  I  may  use  the  expression,  the 
various  things  that  other  people  will  be  certain  to  think  that  he  means.  For  after 
all  the  great  majority  of  people  are  very  careless  listeners  and  readers,  and  it  is  not 
for  the  small  minority  who  are  really  exact  in  these  matters  that  one  has  to  write. 
Moreover,  it  is  a  great  help  to  clearness  of  thought  and  expression  to  keep  before 
one  always  an  ideal  audience  of  people  who  will  certainly  misunderstand  every  single 
sentence  about  which  any  misunderstanding  is  in  any  way  possible,  and  some  others 
as  well. 

In  attempting  to  think  out  or  to  discuss  any  question,  whether  it  be  technical  or 
non-technical,  in  fact,  as  long  only  as  it  is  non-political,  the  first  necessity  is  pro- 
bably a  knowledge  of  the  question  itself,  and  not  only  this,  but  also  a  proper 
understanding  of  its  whole  environment  This  knowledge  must  be  of  such  a  kmd 
as  to  distinguish  what  parts  of  it  are  important,  what  parts  of  it  are  unimportant, 
what  parts  can  be  described  in  two  sentences,  and  what  others  may  require  as 
many  paragraphs ;  what  parts  affect  the  result  but  little,  however  large  they  seem ; 
and  which  ones  must  be  considered  vital,  although  their  very  existence  is  difficult 
to  discover.  The  faculty  which  enables  a  man  to  handle  his  knowledge  in  this 
fashion  may  be  summed  up  in  the  single  expression  '  sense  of  proportion.'  More- 
over, the  knowledge,  to  be  of  real  value,  must  be  as  totally  free  from  prejudices 
and  prepossessions  as  in  the  most  rigorous  branch  of  pure  science,  and  as  thoroughly 
imbued  with  a  healthy  spirit  of  scepticism. 

One  is  accustomed  to  think  of  engineering  work  as  mainly  constructive.  But 
after  all  it  is  quite  as  much  critical.    In  almost  every  department  of  mechanical 
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work  there  are  half  a  dosen  wa]^  of  solnogf  any  particular  probleot.  In  some 
fashion  or  other  the  enfi^neer  must  be  able  to  judge  between  these  Tarious  method^ 
methods  which  are  often  very  much  alike,  but  each  of  which  may  poesees  certuil 
particular  advantages  and  certain  particular  drawbacks.  The  arithmetical  criticism 
which  merely  counts  the  advantages  and  the  drawbacks,  and  puts  an  equal  number 
of  the  one  against  an  equal  number  of  the  other,  is  common  enough,  but  obviously 
usdess.  The  very  first  necessity  to  the  critic  is  that  he  should  have  what  I  hate 
just  called  the  sense  of  proportion,  a  sense  which  will  enable  him  to  distinguish 
mere  academical  objections  from  serious  practical  difficulties,  which  shall  enable 
him  to  balance  twenty  advantages  which  can  be  enumerated  on  paper  by  one 
ierioua  drawback  which  will  exist  in  fact,  which  will  enable  him  in  fact  to  place 
molehills  of  experience  against  mountains  of  talk.  It  is  perhaps  a  doubtful  point 
how  far  this  sense  of  proportion  can  be  taught  at  all.  No  doubt  it  can  only  be  built 
up  upon  some  natural  basis.  I  am  sure  that  in  engineering  we  all  know  men  whose 
judgment  as  to  whether  it  was  advisable  to  taae  a  particular  course  we  would 
accept  implicitly,  because  we  know  that  it  is  based  on  large  general  criticism,  in  spite 
of  the  most  elaborate  and  specious  arguments  against  it  set  down  on  paper.  Any 
third-year  student— not  to  go  still  further  back — can  criticise  perfectly  along 
certain  very  narrow  lines,  just  as  anyone  can  learn  the  rules  of  harmony  and  can 
write  something  in  accordance  with  them  which  purports  to  be  muac.  But  after 
all  the  music  may  be  music  only  in  name,  and  the  criticism  may  not  be  worth  the 
paper  it  is  written  upon,  however  formal  it  may  appear  to  be,  unless  the  writer  is 
thoroughly  imbued  with  a  sense  of  the  proportionate  value  of  the  different  points 
which  he  makes.  To  take  the  commonest  posable  case,  I  dare  sa^  we  have  all 
of  us  heard  certain  methods,  mechanical,  chemical,  or  other,  stigmatised  as  totally 
wrong  and  absolutely  useless  because  the;^  contain  certain  easily  provable  errors. 
I  am  sure,  too,  that  most  of  us  could  give  illustrations  of  cases  in  which  this  has 
been  said  with  the  very  greatest  dogmatism  when  the  errors  of  the  impugned 
method  are  not  one-tenth  part  as  great  as  the  equally  unavoidable  errors  of  obser- 
vation in  the  most  perfect  method. 

Probably  the  best  special  education  in  proportion  which  a  man  can  have  is 
a  course  of  quantitative  experimental  work.  I  any  quantitative  with  emphasis^ 
as  meaning  something  mucn  more  than  mere  qualitative  work.  Here,  I  think, 
comes  in  the  usefulness  of  the  engineering  laboratory.  We  require  that  the 
training  should  be  not  only  in  absolute  measurement,  but  in  relative  measurement, 
the  latter  being  quite  as  important  as  the  former.  Many  kinds  of  measurements 
stand  more  or  less  upon  a  level  as  a  training  of  the  faculties  of  observation  in 
themselves,  but  no  single  kind  of  measurement  is  sufficient  as  a  training  in 
proportion.  A  year  spent  in  calibrating  thermometers  or  galvanometers  might 
make  an  exceedingly  accurate  observer  in  a  particular  line,  but  it  would  not  give 
the  observer  a  knowledge  of  what  even  constituted  accuracy  in  other  directions; 
for  accuracy  is  a  relative  and  not  an  absolute  term.  In  most  engineering  matters 
the  conditions  are,  unfortunately,  of  a  most  complex  kind ;  so  complex  that  our 
problems  are  incapable  of  any  solution  sufficiently  exact  to  satisfy  the  mathe* 
matician  or  physicist.  The  temptation  to  treat  these  problems  as  the  mathe- 
matician treats  those  with  which  he  deals — namely,  to  alter  the  assumed 
conditions  in  order  to  get  an  exact  solution — is  a  very  strong  one.  I  am  afraid 
it  is  most  strong  often  in  those  engineers  who  are  the  best  mathematicians.  It  is 
a  temptation,  however,  steadily  to  be  resist^.  We  must  assume  our  conditions 
to  be  what  they  actually  are,  and  not  what  we  should  like  them  to  be ;  and  if  we 
cannot  obtain  an  exact  solution  of  our  problem  with  its  actual  conditions,  so  much 
the  worse  for  us,  not  so  much  the  worse  for  the  conditions.  Our  first  duty  is 
generally  to  find  out  the  conditions ;  if  they  are  disadvantageous  (in  fact  I  mean, 
and  not  merely  in  the  problem),  to  alter  them  if  they  can  be  altered,  but  not  to 
ignore  them  because  they  are  inconvenient.  We  have  then  to  find  out  the  extent 
to  which  the  known  conditions  permit  any  exactness  of  solution  at  all,  and^ 
finally,  we  have  to  keep  this  in  view  as  a  measurement  of  the  highest  wccancj 
which  is  attainable.  To  work  out  certain  branches  of  the  problem  with  such 
minuteness  as  to  give  us  apparently  very  much  greater  accuracy  than  this  is  not 
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only  useless,  but  is  apt  to  be  positively  misleadingi  as  giving  an  impression  of  an 
accuracy  which  has  no  real  existence. 

The  relative  value  of  accuracy  in  different  sets  of  observations  is  in  itself  a 
matter  in  which  a  sense  of  proportion  is  wanted,  and  often  very  badly  wanted. 
"Where  one  has  to  measure  half  a  dozen  things  of  which  two  are  very  easily 
measured  and  the  remaining  four  are  only  measurable  with  great  difficulty,  it  is 
only  human  nature  that  we  should  spend  our  energies  on  getting  extremely 
accurate  results  with  the  first  two  and  roughly  do  our  best  wiUi*  the  others.  It 
is  very  difficult  under  such  circumstances  to  remember  that  the  accuracy  of  the 
whole  is  not  the  accuracy  of  the  best  part  of  our  work,  but  of  the  worst. 

The  extraordinary  eflect  of  a  want  of  sense  of  proportion  is  nowhere  better  shown 
than  in  the  absurd  statementa  which  are  constantly  made  as  to  technical  matters  in 
public  prospectuses,  and  the  still  more  absurd  statements  made  in  those  very 
numerous  documents  of  a  similar  kind  of  which  some  of  us  see  a  great  many,  but 
which  do  not  finally  emerge  into  public  view.  Fortunes  are  apparently  to  be  made 
by  inventions  which,  although  doubtless  ingenious,  yet  only  concern  one  way  of 
doin^  a  thing  which  could  be  done  equally  well  in  half  a  dozen  other  ways.  Every 
one  IS  expected  to  run  after  a  piece  of  apparatus  which  is  to  save  50  per  cent,  of 
something,  the  total  cost  of  that  sometliing,  however,  being  so  very  small  that 
nobody  cares  to  save  in  it  at  all.  I  need  hardlj  mention  the  all  too  common  case 
where  a  contemplated  saving  of  10  per  cent,  m  the  cost  of  a  material  works  out 
yearly  to  an  amount  much  more  than  equal  to  the  whole  cost  of  the  original  article. 

I  believe  that  experimental  work  in  an  engineering  laboratory  can  educatef  this 
critical  sense  of  proportion  very  admirably  in  a  number  of  ways  In  the  first  place j 
it  directs  quantitative  work  into  very  varied  channels,  and  not  along  one  particular 
line.  Secondly,  it  compels  the  observer  to  combine  a  number  of  measurements  in 
such  a  way  that  the  relative  importance  of  accuracy  in  each  can  be  seen.  In  the 
case  of  an  engine  triid,  lor  instance,  the  combined  results  are  affected  by  the 
accuracy  of  measurements  of  the  dimensions  of  the  machine,  by  the  apparatus  and 
methods  used  for  measuring  the  water,  by  the  indicator,  and  by  its  springs,  by  the 

rd  counter,  by  the  thermometers,  and  so  on.  An  error  of  1  per  cent,  in  counting 
reTolutions  is  just  as  important  as  an  error  of  1  per  cent,  in  measuring  the 
water,  or  in  measuring  the  mean  pressure.  I  am  afraid  that  one  could  point  to  a 
good  many  cases  in  which  this  has  been  more  or  less  forgotten.  Then,  by  making 
a  series  of  measurements  all  in  absolute  quantities,  the  relative  importance  of  each 
quantity  to  the  desired  total  result  can  be  seen.  Thus  it  will  be  found  that  cbangeS 
in  certain  quantities  affect  the  total  result  to  a  very  small  extent,  while  changes  in 
others  affect  it  very  largely,  so  that  not  onlv  is  the  accuracy  with  which  different 
(|uantities  can  be  determined  very  different,  but  also  the  same  degree  of  accuracy 
is  of  very  different  importance  according  to  the  particular  Quantity  to  which  it 
refers.  Once  it  is  found  that  a  final  result  is  exceedingly  little  affected  by  a  par- 
ticular set  of  changes,  it  ceases  to  be  of  importance  to  measure  or  observe  those 
changes  in  any  extremely  minute  way,  and  of  course  the  reverse  holds  equally  good. 
Finally,  and  this  perhaps  is  the  most  important  matter  of  all,  measurements  in  such 
a  laboratory  are  made  to  a  great  extent  under  the  complicated  conditions  under 
which  the  actual  final  result  has  to  be  obtained  in  practical  work.  They  are  not  made 
under  the  conditions  which  insure  the  greatest  individual  accuracy  of  each  result. 
It  will  be  seen  that  throughout,  but  particularly  in  the  two  last  points  which  I 
have  mentioned,  the  work  of  an  engineering  laboratory  is  in  intention  and  in 
essence  different  from  that  of  a  physical  laboratory.  The  aim  of  the  latter  is  to 
make  its  problems  as  simple  as  possible,  to  eliminate  all  disturbing  elements  or 
influences,  and  to  obtain  finally  a  result  which  possesses  the  highest  degree  of  abso- 
lute accuracy.  In  most  physical  investigations  the  result  aimed  at  is  one  in  which 
practically  absolute  accuracy  is  attainable,  although  attainable  only  if  infinite  nains 
te  taken  to  get  it  It  is  tlie  business  of  the  physicist  to  control  and  modify  his 
conditions,  and  to  use  only  those  which  permit  of  the  desired  degree  of  accuracy 
being  reached.  In  such  investigations  it  sometimes  becomes  almost  immoral  to 
think  of  one  condition  as  less  important  than  another.  Every  disturbing  condition 
must  be  either  eliminated  or  completely  allowed  for.    That  method  of  making  the 
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experiment  is  the  beat  which  ensures  the  greatest  posuble  accuracy  in  erenr  pwt 
of  the  result.  The  business  of  the  en^neer,  on  tne  other  hand,  is  to  deal  with 
phyncal  problems  under  conditions  which  he  can  only  xery  partially  control,  and 
the  conditions  are  a  part  of  his  problem.  He  does  not,  for  instance,  experiment 
with  a  steam  engine  so  made  that  it  can  work  with  a  Camot  cycle.  It  is  in  the 
nature  of  the  case  that  he  must  experiment  with  a  much  less  perfect  machine,  in 
burning  fuel  he  does  not  use  apparatus  specially  made  to  absorb  the  whole  heat  of 
combustion^,  but  in  the  nature  of  the  case  has  to  investigate  the  behaviour  of  appa- 
ratus in  which  a  very  large  part  of  that  heat  is  unavoi(hibly  wasted.  Bo  one  might 
fa  on  through  an  immense  number  of  instances.  Perhaps  the  whole  matter  may  best 
e  summed  up  by  saying  that  in  a  physical  laboratory  the  conditions  of  each  experi- 
ment are  under  the  control  of  the  experimenter,  and  are  subfiervient  to  the  experi- 
ment itself.  In  an  engineering  laboratory  the  conditions  form  part  of  the  experiment. 
However  much  more  difficult  or  complicated  they  render  it,  they  still  unavoidably 
form  part  of  it — an  experiment  under  any  o^er  conditions,  or  with  those  conditiona 
removed,  would  ipso  facto  be  irrelevant. 

A  critical  training  in  matters  mechanical  is,  however,  only  too  similar  to  the 
celebrated  training  of  the  MisBissippi  pilot  which  so  nearly  broke  the  heart  of 
Mr.  Mark  Twain.  Whenever  the  whole  matter  seems  to  be  completely  mastered 
from  one  point  of  view,  it  is  only  to  find,  with  a  littJe  more  expenence,  that  from 
another  point  of  view  everything  looks  difierent,  and  the  whole  critique  has  to  be 
started  afresh.  Machines  cannot  be  finally  criticised — that  is  to  say,  they  cannot 
be  pronounced  good  or  bad — simply  from  results  measurable  in  a  laboratory.  One 
wisnes  to  use  steam  plant,  for  instance,  by  which  as  little  coal  shall  be  burnt  as 
possible.  But  clearly  it  would  be  worth  while  to  waste  a  certain  amount  of  coal 
if  a  less  economical  machine  would  allow  a  larger  saving  in  the  cost  of  repairs.  Or 
it  might  be  worth  while  to  use  a  machine  in  which  a  certain  amount  of  extra 
power  was  obviously  employed,  if  only  by  means  of  such  a  machine  the  cost  of 
attendance  could  be  measurably  reduced.  In  fact,  what  may  be  summed  up  in 
the  phrase  the  '  worth-whileness '  of  economies,  is  in  itself  a  matter  on  which  & 
whole  paner  might  be  written.  Unfortunately,  the  latter  points  which  I  have 
mentioned  are  just  such  as  cannot  easily  be  measured  in  laboratory  work,  or, 
indeed,  in  any  other  way  whatever,  except  by  actually  using  the  apparatus  in 
question.  All  that  can  be  said  is  that  a  careful  training  in  the  critical  measure- 
ment of  comparatively  simple  points  fits  a  man  more  than  anything  else  to  gauffe 
accurately  the  importance  of  such  other  matters  as  I  have  mentioned.  No  doubt 
there  are  many  men  in  whom  the  critical  faculty  is  insufficiently  developed  U> 
allow  them  ever  to  be  of  use  in  these  matters,  but  to  those  who  are  intellectually 
capable  of  the  '  higher  criticism '  it  must  be,  I  think,  of  inestimable  benefit  to 
have  had  a  systematic  training  in  the  lower. 

Is  there,  then,  any  general  standpoint  from  which  mechanical  criticism  can  be 
directed?  Certain  points  are  obvious,  but  probably  the  whole  matter  cannot 
easily  be  generalised.  A  city  has  to  be  supplied  with  water;  there  are  three 
requisites :  that  the  water  should  be  of  proper  quality,  of  sufficient  quantity,  and 
that  it  should  be  brought  in  at  a  reasonable  cost.  But  in  such  a  case  the  first  two 
are  so  enormously  more  important  than  the  tliird,  that  the  ideal  is  comparatively 
simple  (of  course,  this  is  quite  a  difierent  thing  from  being  simply  reached).  A 
city  has  to  be  supplied  with  electric  light :  the  essential  conditions  are  similar. 
But  in  this  case  there  are  so  many  qualities  which  are  equally  proper,  and 
there  are  so  many  difierent  ways  of  bringiog  it  in  in  sufficient  quantity,  that  the 
third  point — namely,  the  cost — becomes  especially  important.  A  factory  has  to 
be  driven  by  steam  power :  the  amount  of  power  that  is  wanted  can  be  prodooed 
by  so  many  difierent  types  of  engine  and  boiler — all  capable  of  approximately  equal 
economv,  and  all  claimmg  equu  freedom  from  breakdowns — that  the  choice  is  a 
peculiarly  difficult  one  from  the  critical  point  of  view. 

It  seems  almost  impossible  that  a  criticism  on  any  one  basis  could  meet  all  the 
three  cases  which  I  have  supposed,  unless  that  basis  were  that  the  thing  supplied 
should  be  the  absolutely  fittest,  having  regard  to  all  the  conditions  of  ea<m  case 
and  the  relative  importance  of  each  condition.    Possibly  in  all  cases  we  could  get 


Digitized  by  VjOOQIC 


TRANSACTIONS  OF  SECTION  O.  745 

ikt  some  geneTalisation  which  would  show  us  which  was  the  aheolately  fittest,  if. 
only  the  necessary  data  were  in  any  way  complete,  which  they  very  seldom  are. 
Perhaps  in  one  sentence  we  may  say  that  that  scheme,  or  system,  or  machine,  will 
he  the  absolutely  best  in  any  particular  case  which  will  the  longest  survive  and 
maintain  its  place  in  its  particular  environment.  I  cannot  doubt  that  this 
development  ot  Darwinian  ideas  in  the  world  of  the  inorganic  is  a  legitimate  one. 
Of  course  the  problem  would  be  comparatively  easy  in  each  particular  case  if  only 
the  environment  would  stand  still.  It  would  even  be  comparatively  easy  if  we 
knew  how  the  environment  was  going  to  alter,  but  this  we  are  unable  to  do.  We 
only  know  that  it  certainly  wUl  change  and  will  go  on  changing,  and  that  there- 
fore the  things  which  we  make  now  have  not  got  to  survive  in  the  conditions 
in  which  we  make  them,  but  have  got  to  survive  through  some  new  sets- 
of  conditions  of  whkh  we  know  nothing.  I  do  not  think  the  difHculty  is  in 
any  way  met  by  the  popular  method  of  guessing  at  what  will  be  wanted  fift^ 
years  hence,  which  generally  means  simply  guessing  at  something  very  bi^.  It  i& 
of  no  use  malnng  our  ships  or  our  engines  of  a  type  which  we  choose  to  imagine 
will  be  that  of  fifty  years  hence.  If  we  do  they  will  be  of  no  use  to-dav,  and  for 
that  very  reason  they  will  not  even  be  in  existence,  useful  or  other,  at  the  end  of 
the  fifty  years.  Sufficiently  pad  illustrations  of  this  will  occur  to  everyone  in  very 
dififerent  directions.  I  hope  I  shall  not  be  considered  churlish  in  saying  that  I  do 
not  think  that  the  men  who  have  worked  on  this  principle  have  really  been  far- 
seeing,  or  have  really  brought  us  much  forward.  They  bave  been  men  often  of 
genius,  often  of  great  personal  fascination,  always  of  immense  imagination.  But 
they  have  proceeded  by  methods  essentially  opposed  to  anything  like  the  gradual 
evolution  which  must  occur  in  technical  as  it  does  in  natural  matters,  and  in  too 
many  cases  the  results  of  their  labours  have  not  even  been  giants,  but  only  monsters. 

As  to  what  causes  one  thing  to  survive  rather  than  another  we  can  only  speak 
very  generally.  Mere  survival  may  come  about  by  the  accident  of  a  peculiarly 
tough  constitution.  A  few  engines  built  in  the  time  of  James  Watt  are  still  to  be 
found  at  work  in  our  own  day,  but  can  no  more  be  taken  as  the  fittest  type  than 
some  solitary  megatherium  would  be  who,  having  outlived  all  his  contemporaries, 
was  able  in  after  ages  to  look  down  upon  his  pigmy  and  short-lived  successors. 
Mere  length  of  life  in  such  a  case  may  be  a  mere  accident,  and  is  not  itself  a  proof 
of  fitness.  We  have  it  thrown  at  us  every  now  and  then  that  our  engines  nowa- 
days do  not  last  like  the  old  ones,  as  if  the  mere  existence  of  a  very  old  machine 
were  a  proof  of  its  virtues.  It  is  certainly  a  proof  of  the  excellence  of  its 
construction — or,  as  one  may  say,  of  its  constitution—and  perhaps  also  of  the  very 
small  amount  of  work  it  has  done  in  proportion  to  its  life  and  its  dimensions. 

It  is  sometimes,  I  am  afraid,  rather  humiliating  to  have  to  remember  that,  to  a 
very  great  extent,  the  question  of  the  fittest,  so  far  as  it  aiFects  us,  is  a  financial 
one.  In  manufacturing  processes  efficiency  and  economy  tend  to  survival  because 
they  lead  to  decreased  cost  of  production.  In  structures  or  other  large  permanent 
works  those  types  tend  to  perpetuate  themselves  which  require  the  least  material — 
that  is,  in  whicn  the  material  used  is  disposed  to  the  best  advantage — and  in  which 
the  outlay  on  labour  is  also  smallest,  assuming,  of  course,  equal  fitness  in  other 
respects.  There  is,  no  doubt,  at  present  a  tendency  to  dispute  this  altogether,  and 
to  treat  all  reductions  in  cost  of  labour  as  disadvantageous,  unless,  indeed,  tho 
labour  be  very  highly  skilled,  in  which  case  its  remuneration  must  necessarily  bfr 
brought  down  for  the  sake  of  equality  I  I  imagine  this  tendency  will  last  exactly 
as  long  as  the  faithful  can  get  some  other  people  to  pay  the  increased  cost,  and 
will  thereafter  determine  itself  somewhat  suddenly.  It  can  no  more  stand  in  the 
way  of  natural  progress  in  engineering  matters  than  could  the  somewhat  siniilar 
outcry  against  the  introduction  of  machinery  into  manufactures  two  generations 
ago.  It  would  be  as  wise  to  paint  a  generation  of  cats  green,  in  the  hope  of  com- 
pelling natural  selection  to  work  along  new  lines. 

I  think  we  may  fairly  assume,  therefore,  that  efficiency  and  economy  are  both 
legitimate  criteria  as  to  ultimate  fitness,  and  will  remain  so.  Moreover,  they  are 
both  matters  in  which  measurements  can  be  made,  and  as  to  which  judgment 
can  be  guided  by  such  measurements.     But  there  are  other  characteristics,  not 
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directly  measurable,  by  which  we  can  in  eome  degree  form  an  opinion  aato  the 
ultimate  fitness  of  things  or  processes. 

One  set  of  considerations  which  has  great  critical  importance  is  sommed  np  in 
the  word  nmplicity.  This  does  not  mean  fewness  of  parts.  Reuleaux  showed 
long  ago  that  with  machines  there  was  in  every  case  a  practical  minimum  number 
of  parts,  any  reduction  below  which  was  accompanied  by  serious  practical  draw> 
bftCKS.  Nor  is  real  simplicity  incompatible  with  considerable  apparent  complexity. 
The  purpose  of  machines  is  beconung  continually  more  complex,  and  simplici^ 
must  not  be  looked  at  as  absolute,  but  only  in  its  relation  to  a  particular 
purpose.  There  are  man^  very  complex-looking  pieces  of  apparatus  in  existence 
which  work  actually  so  directly  along  each  of  tbeir  many  branch  lines  as  to  be  in 
reality  simple.  I  Mlieve  it  almost  always  happens  that  the  first  attempt  to  carry 
out  by  a  machine  a  new  purpose  is  a  very  complicated  one.  It  is  only  by  the 
closest  possible  examination  ot  the  problem,  the  getting  at  its  very  essence,  that 
the  machine  can  be  simplified,  and  this  is  a  late  and  not  an  early  stage  of  design. 
If  a  mechanical  problem  is  really  only  soluble  by  exceedingly  complicated  appa- 
ratus, it  generally  becomes  a  question  whether  the  solution  is  worth  having.  There 
is  no  infpossibilitv  in  making  a  machine  that  will  do  anything.  But  the  very 
simplest  possible  form  of  apparatus  which  would  wash  our  hands  for  us  in  a  suit- 
able manner  is  probably  so  very  complicated  that  for  many  years  to  come  at  least 
that  operation  will  be  performed  by  manual  labour. 

Very  closely  allied  to  simplicity  is  what  I  may  call  directness.  In  nearly  all 
mechanical  processes  certain  transmrmations  are  unavoidable.  In  many  mechanical 
processes,  as  I  have  recently  had  occasion  to  mention,  a  very  large  number  of  trans- 
formations is  at  present  practically  unavoidable.  I  myself  cannot  help  thinking 
that  probably  one  of  the  most  distinct  signs  of  fitness  is  a  reduced  number  of 
transtormations,  the  bringing  of  the  final  and  the  initial  stages  as  close  together  as 
possible,  and  cutting  out  uto^ther  the  apparently  worthless  middle  processes. 
But  any  generalisation  of  this  kind  must  be  very  cautiously  handled;  these 
apparently  useless  processes  are  no  doubt  in  certain  cases  as  indispensable  as  is  the 
much  abused  middle-man  in  matters  economic 

In  a  critical  view  of  any  case  where  similar  results  are  aimed  at  by  hand  work 
and  by  mechanical  means,  it  is  important  to  recognise  that  the  similarity  of  result 
should  very  seldom  become  identity.  In  the  first  machine  to  do  anything  mechanic 
cally  which  has  before  been  done  by  hand,  the  error  is  often  made  of  trying  to 
imitate  the  hand-work  rigorously.  The  first  sewing  machines  were,  I  ^ieve, 
made  to  stitch  in  the  same  way  as  a  seamstress.  It  was  not  until  a  form  of  stitch 
euitable  for  a  machine,  although  unsuitable  for  hand,  was  devised  that  the  sewing 
machine  proved  successful  as  a  practiced  matter.  In  ano^er  but  analogous  line,  too, 
you  may  remember  that  the  first  railway  carriages  were  practically  stage  coaches  put 
upon  trucks,  from  which  the  present  carriages  have  only  very  slowly  been  evolved. 

The  critic  has  also  to  remember  that  very  often  the  attainment  of  some  veiy 
unimportant  point,  or  point  of  which  the  importance  has  been  greatly  exaggerated, 
is  made  the  reason  mechanically  for  very  great  complication.  The  (question  of 
proportion  comes  in  here  again,  and  it  has  to  be  considered  in  any  particular  case 
whether  the  academically  perfect  machine,  which  is  also  extremely  complicated,  is 
not  inferior  to  the  almost  equally  ^ood  machine  which  has  been  constructed  in  a 
practicable  shape — it  almost  always  is  so. 

I  have  endeavoured  in  my  remarks  to  indicate  what  appears  to  me  to  be  the 
attitude  of  the  engineer  towards  a  vexy  large  portion  of  the  work  which  comes 
into  his  hands.  In  order  to  deal  with  the  work  it  is  necessary  for  him  first  of 
all  to  have  a  certain  definite  knowledge  of  '  tilings,'  that  is  to  say,  both  of  the 
various  subjects  which  form  part  of  the  curricula  of  all  technical  schools,  and  of 
the  further  matters  which  form  as  it  were  his  professional  alphabet.  These  last 
he  learns  not  from  books  or  lectures  as  a  student,  but  by  example  and  attempt,  as 
does  an  artist.  Of  this  part  of  his  training  I  have  said  nothing ;  it  has  been 
perhaps  sufficiently  talked  about  of  late  years,  and  there  is  little  to  say  which  I 
covld  have  made  interesting  to  a  general  gathering  like  this.  I  cannot  leave  it 
altogether,  however,  without  deiding  with  one  matter.    Exeeptioaal  men  are  all' 
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round  mathematiciAns  or physicisU,  still  more  exeeptionai  men  are  both;  bat  for 
ordinary  folk  the  study  or  one  side  of  mathematics  or  of  a  sinjfle  branch  of  physics 
is  the  work  of  a  lifetime.  The  engineer  is  bound  to  know  his  own  profession,  by 
hypothesis,  and  it  is  in  itself  no  small  matter.  Yet  in  addition  he  must  know 
some  mathematics,  some  physics,  some  chemistry,  even  also  some  geology,  if  he  is 
to  take  any  high  rank  in  it.  It  is,  therefore,  surely  in  the  very  nature  of  things 
impossible  that  he  should  be  a  great  mathematician  or  a  great  physicist,  or  should 
devote  as  much  study  to  those  most  fascinating  sciences  as  if  they  themselyes 
were  the  work  of  his  life.  Therefore  I  beseech  my  friends  of  Section  A  to  do 
what  they  can  to  modify  their  natural  attitude  of  superiority — even  of  contempt — * 
towards  us,  especially  when  we  are  students.  I'he  young  engineer — I  speak  as  a 
member  of  the  ffreat  majority  of  the  ordinary  kind — would  probably  never  have 
chosen  his  protession  if  he  had  had  specisJ  aptitude  for  mathematical  work* 
Having  chosen  it,  he  has  to  look  at  mathematics  simply  as  a  tool,  a  means  to  an 
end,  not  an  end  in  itself.  I  cannot  myself  see  that  tnis  point  of  view  is  one  dis- 
respectful to  the  parent  of  all  the  sciences,  and  I  am  confirmed  by  the  knowledge 
that  one  or  two  of  the  greatest  mathematicians  in  the  country  are  of  the  same 
opinion  and  have  the  courage  to  act  on  it — with  infinitely  beneficial  results  to  the 
young  men  they  have  to  deal  with.  But  I  know  that  to  mathematicians  in: 
^neral — the  physicists  are  not  so  bad — the  very  name  of  engineering  student 
IS  odious,  indicating  only  a  man  who  wilfully  refuses  to  make  mathematics 
his  '  first  subject,*  and  who  therefore  deserves  neither  consideration  nor  Quarter/ 
to  whom  it  is  privilege  sufficient  that  he  should  be  allowed  to  pick  up 
such  crumbs  as  he  can  digest  from  a  table  prepared  for  his  betters.  I  humbly 
protest  that  we  deserve  better  treatment.  It  is  no  doubt  a  great  mis- 
fortune to  us  that  we  cannot  afford  to  spend  our  training-time  preparing  for 
examinations,  and  that  we  have  been  compelled  to  choose  for  our  future  a  career 
in  which  mathematics  plays  only  a  secondary  part.  It  is  our  further  misfortune 
that  we  have  to  solve  twenty  real  live  problems,  each  demanding  a  real  live 
answer,  for  eveir  single  one  which  otherwise  we  would  have  worked  out  on  paper« 
Perhaps  it  is  also  our  misfortune — or  it  may  be  only  our  thickheadedness — to 
believe  that  in  consequence  of  this  we  are  quite  able  to  judge  for  ourselves  what 
units  it  is  most  convenient  for  us  to  work  in,  what  nomenclature  satisfies  our 
requirements,  and  that  we  are  as  capable  of  getting  our  '  ^*8 '  in  their  right  places 
as  even  some  of  our  distinguished  critics.  But  Uiis  is  the  end  of  the  nineteenth 
century :  philanthropy  fills  our  breasts.  May  not  our  misfortunes  call  out  some 
pity  and  not  alone  contempt?  In  spite  of  solemn  warning  which  1  have  lately 
received  in  the  Press  against  the  monstrous  idea  that  a  presidential  address  should 
contain  any  individual  opinions,  I  venture  to  repeat  here  what  I  had  lately  an 
opportunity  of  saying  before  a  Hoyal  Commission,  that  in  cases  where  a  university 
or  university  college  takes  in  hand  the  preparation  of  engineers  {and  1  hope  that 
such  cases  will  grow  in  number)  they  should  provide  for  them  special  training  in 
mathematics,  and  probably  also  in  physics,  distinct  from  the  general  training  in 
these  subjects  most  suitable  for  Degrees.  I  say  this  with  the  full  knowledge  that 
I  may  be  accused  of  wishing  to  degrade  the  purity  of  scientific  work,  and,  at  the 
same  time,  with  the  full  knowledge  that  I  have  no  such  wish.  On  ^e  contrary, 
this  special  training  is  the  only  means  by  which  the  rank  and  file  of  us  will  ever 
know  any  mathematics  at  all.  And  I  can  say  from  my  own  knowledge  that,  if 
only  we  can  be  made  what  I  may  call  mathematically  articulate  beings,  we  shall 
be  able  to  repay  the  kindness  by  placing  before  the  man  of  pure  science  problem 
after  problem  of  transcendent  difficulty,  of  immense  interest,  and  having  no 
single  drawback  whatever  except  that  its  solution  may  really  be  'useful;'  and, 
after  all,  this  need  not  be  brought  too  prominently  under  his  notice. 

This  digression  has  turned  out  a  long  one.  I  have  only  further  to  say  that  my 
main  object  in  this  address  has  been  to  indicate,  as  well  as  I  could,  the  general 
attitude  which  the  engineer  must  of  necessity  take  up  towards  much  of  his  work — 
the  point  of  view  from  which  he  must  look  at  it.  I  shall  be  extremely  glad  if  any- 
thing which  I  have  said  should  cause  this  attitude — this  point  of  view— to  be  mora 
clearly  kept  in  mind  in  the  period  of  training  than  probably  has  been  hitherto  the 
case. 
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The  following  Papers  were  read : — 

1.  Some  Reminiscences  of  Steam  Locomotion  on  Common  Roads.^ 
By  Sir  F.  J.  Bramwbll,  Bart.,  D.C.L.,  F.E,S. 


2.  On  Bore-hole  Wells  for  Town  Water-supply. 
By  Hbkrt  Davbt,  MJnstCE. 

At  the  Cardiff  Meeting  of  this  Association  the  author  proposed  a  new  system 
of  bore-hole  wells  for  town  water-supply.  Since  that  time  the  system  has 
been  carried  into  effect  at  several  places,  and  he  described  one  of  the  most  important 
examples  of  executed  work,  viz.,  that  of  the  Netherley  Pumping  Station  of  the 
Widnes  Waterworks.    The  subject  was  dealt  with  under  two  ueads : — 

\st.  The  system  of  bore^holes, 

2nd.  The  application  of  the  pumping  potoer. 

L  The  System  of  Bore-holes, — In  procuring  water  for  town  water-eupply  it  is 
the  usual  and  necessary  practice  to  provide  duplicate  pumping  engines,  and  whers 
two  engines  are  made  to  pump  from  the  same  well,  the  well  must  he  very  large  that 
it  may  accommodate  two  sets  of  pumps. 

Such  weUs  are  usually  12  to  14  feet  in  diameter. 

To  sink  such  a  well  in  the  ordinary  way  is  a  very  long  and  costly  undertaking, 
especially  if  soft  strata  are  met  with,  where  lining  becomes  necessary.  On  the 
completion  of  the  well  it  msLj  be  necessary  to  drive  adits  to  increase  the  water* 
supply.  A  simple  bore-hole  is  made  very  cheaply  and  very  expeditiously.  Four 
3(Ainch  bore-holes  can  be  put  down  in  a  very  small  fraction  of  the  time  required 
to  sink  a  12-foot  welL 

Instead  of  making  a  large  well,  the  author  puts  down  four  bore-holes  to  ao- 
oommodate  the  pumps  for  duplicate  pumping  engines — a  pair  of  pumps  to  each 
engine.  The  bore-holes  being  completed,  the  pumps  are  lowered  into  them  and 
coupled-up  to  the  permanent  engines.  Immediately  that  is  done  the  water  found 
in  the  bore-holes  can  be  pumped  and  supplied  to  the  town.  Should  it  be  insufficient^ 
then  a  small  well  would  be  sunk  in  the  dry  to  the  bottom  of  the  bore-hole  pumps. 
The  water  being  kept  down  by  the  pumps,  the  bore-holes  at  the  level  of  the  pumps 
would  be  connected  to  the  centre  well,  and  adits  driven  to  collect  more  water. 

Should  the  bore-holes  yield  sufficient  water,  it  would  not  be  necessary  to  sink 
the  well.  It  would  be  absurd  to  advocate  any  particular  system  of  weU-sinkiog 
as  being  universally  applicable;  this  system,  however,  of  making  weUs  offen 
advantages  under  favourable  conditions,  but  the  advisability  of  its  adoption  in 
any  particular  case  must  be  a  matter  of  judgment  with  the  engineer  planning  the 
work. 

The  bore-holes  at  Netherley,  two  in  number,  are  sunk  in  Red  Sandstone  rock^ 
and  are  placed  20  feet  apart,  each  bored  to  a  diameter  of  30  inches  for  a  depth  of 
200  feet,  and  to  a  reduced  diameter  of  18  inches  for  a  further  depth  of  200  feet  and 
SOO  feet  respectively,  thus  making  the  first  hole  400  feet  deep,  and  the  second  one 
£00  feet  deep.  On  the  completion  of  the  boring  the  water  stood  70  to  80  feet  from 
the  surface  of  the  ^und,  when  the  quantity  pumped  by  the  old  engine  on  the 
same  site  was  1^  million  gallons  per  day.  The  main  pumps  were  then  lowered  into 
the  bore-holes,  each  pump  extending  to  the  bottom  of  the  large  part  of  the  hole, 
200  feet  from  the  ground-level.  In  that  position  the  pumps  were  suspended  from 
a  cast-iron  bed-plate  supported  on  a  concrete  foundation  formed  round  the  top  of 
the  holes,  a  block  of  oak  heing  inserted  between  the  head  of  the  pump  and  the 
bed-plate.  In  this  suspended  position  the  pumps  work  without  the  slightest 
unsteadiness. 

The  engines  were  made  for  the  purpose  of  pumping  2^  million  gallons  per  day, 
but  it  was  found  that,  working  up  to  their  full  capacity  of  2}  milhon  gallons,  the 
full  yield  of  the  bore-holes  was  not  reached.  On  starting  the  new  pumps  it  was 
found  that  when  pumping  2}  million  gallons  per  day  the  water-level  was  lowered 
to  100  feet  from  the  surface  of  the  ground. 

*  Published  in  the  Engineer ,  August  17, 1894. 
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II.  The  Application  of  the  Pumping  Power, — ^The  motiye  power  consists  of  a 
230  horse-power  compound  surface-condensing  engine,  employed  to  pump  from 
the  bore-holes  into  a  masonry  tank  by  the  engine  foundations^  from  which  tank  the 
water  is  forced  by  the  same  engine  to  a  reservoir  at  an  elevation  of  260  feet.  The 
enffine  is  made  to  work  the  force-pump  by  means  of  a  tail  rod  from  the  low-pressure 
cylinder,  the  bore-hole  pumps  being  worked  by  means  of  rocking  levers  actuated 
by  a  connecting-rod  from  tne  crosshead  of  the  engine.  There  is  no  flywheel  or 
rotary  motion^  but  a  very  simple  expedient  is  resort  to  to  enable  the  engine  to 
work  expansively.  This  steam  distribution  is  effected  bv  giving  a  peculiar  bell 
cruik  form  to  the  levers  which  convey  motion  to  the  well  pumps.  The  effect  of 
this  mode  of  coupling  the  pump  piston  or  plunger  to  the  engine  piston  is  to  make 
the  pump-resistance  duigram  so  nearly  approach  the  shape  of  the  combined  engine 
diagram  that  the  weight  of  the  moving  parts  of  the  engine  is  of  itself,  by  its 
inertia,  sufficient  to  equate  the  two  diagrams. 

Steam  Distribution, — ^The  engine  is  of  the  receiver  type,  having  separate 
expanuon  valves  on  both  high-  and  low-pressure  cylinders,  adjustab&  by  hand 
whilst  the  engine  is  in  motion. 

A  careful  trial  of  the  engine  has  been  made,  and  as  it  is  provided  with  a  surface- 
condenser,  it  was  quite  easy  to  ascertain  the  exact  quantitv  of  steam  used  by  the 
engine  by  measuring  the  air-pump  discharge,  and  adding  that  discharged  from  the 
steam-jackets. 

The  efficiencies  are  as  follow: — 

1.  Engine  efficiency :  the  pronortion  which  the  area  of  the  actual  indicator- 
diagrams  bears  to  the  area  of  the  tlieoretical  diagram  for  the  steam  admitted  to  the 
eogme  » *644. 

2.  Mechanical  efficiency ^  or  the  portion  of  the  indicated  power  utilised  by  the 
pumps  B  87  per  cent. 

8.  Thermal  efficiency,  or  the  portion  of  the  energy  due  to  the  fall  in  temperature 
of  the  steam  which  has  been  utilised  by  the  engine  » *43d. 

Units  of  work  per  unit  of  heat » 110  8. 

The  steam-cylinders  are  both  steam-jacketed  completely — bodies  and  ends— 
with  steam  at  boiler  pressure. 

The  following  summary  gives  the  general  particulars  and  cost  of  the  in- 
6tallation : — 

Steam  pressure 70  lb.  per  sq.  inch. 

Diameters  of  cylinders 32  in.  and  60  in. 

Length  of  stroke 6  ft.  3  in« 

Diameter  of  force-pump 18^  in. 

Height  of  lift 260  ft. 

Length  of  stroke 6  ft.  3  in. 

Diameter  of  bore-hole  pumps        •        .        •        •  18^  in. 

Height  of  lift 100  ft. 

Length  of  stroke 6  ft.  6  in. 

Number  of  strokes  per  minute      ....  12^ 

Depth  of  bore-holes 400  and  600  ft. 

Diameter  of  bore-holes 30  in.  for  200  ft.,  and  then  18  in. 

Tube  surface  of  condenser 420  sq.  ft. 

i,  „      feed  heater  ....  140  sq.  ft. 

"Water  pum|>ed  in  24  hours 2^  million  gallons. 

Duty  of  engine  on  an  evaporation  of  10  lb.  water 

per  I  lb.  coal 124  millions. 

Lbs.  of  steam  per  I.H.P.  per  hour         .        .        .  16*6 

„        P.H.P.      „       ....  18-0 

Indicated  horse-power 230 

Pump  horse-power        • 200 

Mechanical  efficiency 87  per  cent. 

Cost  of  engine  and  pumps 6,000/. »  307.  per  P.H.P. 

Total   cost   of    engine,  pumps,    bore-holes,   and 

buildings 9,700/.  -  48i/.^per  P.H.P. 
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FRIDAY,  AUGUST  10. 

The  following  Papers  were  read  : — 

1.  At  a  joint  meeting  with  Section  A : — 

(o)  On    Flanimeters.      By    Professor  O.    Henrici,    F.E.S, — See 
Reports,  p.  496. 

{b)  Note  on  the  Behaviour  of  a  Botating  Cylinder   in  a  Steady 
Current.    By  Arkulph  Mallock. 

(c)  On  the  Besiatance  ea^perieneed  by  Solids  moving  trough  Fluids, 
By  Lord  Kblvin,  F.B.S. 

(d)  A  Diacuesion  on  Flight.     Opened  by  Mr.  Hiram  S.  Maxim. 


2.  On  the  Strength  and  Flastic  Extensibility  of  Iron  and  Steel. 
By  Professor  T.  Claxton  Fidler,  M.InstC.E. 

1.  For  several  reasons  the  stress-strain  diagram,  as  autographically  drswn  in 
connection  with  the  testing  cf  a  ductile  material,  does  not  suffice  to  indicate  any 
definite  relation  between  tensile  stress  and  plastic  strain.  The  stretching  effect  of 
the  load  is  commonly  measured  before  it  is  fully  developed ;  the  ordinates  of  the 
^diagram  represent  stress  per  unit  of  original  area,  but  cannot  represent  the  actual 
unit  stress,  which  varies  m  different  parts  of  the  bar ;  and,  lastly,  the  elongation 
Measured  by  the  diagram  is  the  elongation  of  the  whole  bar,  and  is  the  sum  of  the 
component  elements  of  elongation,  which  vary  still  more  widely  in  different  parts  of 
the  oar. 

2.  Analysing  the  total  elongation,  and  plotting  as  co-ordinates  the  actual  in- 
tensitv  of  stress  in  any  short  segment  or  element  of  the  bar,  and  the  actual  elonga- 
tion in  the  same  element  under  a  long-continued  load,  the  curve  takes  a  very 
difierent  form,  and  is  probably  already  familiar  to  those  who  have  taken  a  special 
interest  in  the  subject. 

8.  So  far  as  the  author*s  direct  experiments  have  gone,  the  curve  so  traced 
appears  to  be  almost  identical  for  all  parts  of  a  fairly  homogeneous  bar,  indi- 
cating that  the  plastic  extensibility,  or  the  actual  extension  under  any  given 
stress,  is  nearly  the  same  in  all  segments  of  the  bar^s  length,  even  when  the  ultimate 
elongation  varies,  as  it  often  does,  between  12  per  cent,  and  120  per  cent,  in  the 
different  segments. 

4.  Volumetric  measurements  of  the  successive  segments  indicate  that  there  is 
no  sensible  telescopic  shear,  or  internal  flow  of  material  from  one  segment  to  another 
(except  at  one  point,  which  need  not  be  here  noticed),  and  justify  the  general 
application  of  the  assumption  of  uochanging  volume. 

5.  Probably,  therefore,  the  curve  may  be  taken  to  represent  the  variable  length 
X  assumed  by  each  component  internal  element  under  the  longHSontinued  stress  y, 
as  well  as  the  variable  length  of  sny  cylindrical  segment  under  the  same  stress,  the 
original  length  of  the  element  or  segment  being  denoted  by  L. 

0.  It  may  at  first  sight  be  supposed  that  a  bar  of  uniform  plastic  extensilulity 
ought  to  draw  out  uniformly  over  its  whole  length;  but  when  the  curve  is  con- 
sidered along  with  the  mechanical  conditions  affecting  the  question,  they  seem 
sufficient  to  explain  the  observed  behaviour  of  the  bar.  Beyond  a  certain  critical 
point  a  uniform  extenaion  is  almost  impossible,  just  ss  the  uniform  compression  of 
a  long  and  slender  strut  is  impossible.  The  formation  of  a  short  narrow  neck  in 
some  part  of  the  ti^-bfir  is  inevitable — like  the  buckling  of  the  strut. 
.'  7.  To  )]lustr<<.te  these  points  and  some  others  the  curve,  as  approximately 
determined  for  a  bar  of  mild  steel,  was  shown  in  the  diagrams  exhibited,  and  its 
regularity  suggests  the  existence  of  a  definite  hw  of  ^tension.  .  As  the  length  x 
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increasesy  the  reaiatanoeof  the  material  increases  coDtiiinoasly  up  to  the  point  of 
fracture.  Nevertheless,  it  is  shown  that,  as  x  increases,  the  relations  between  the 
stretching  force  and  the  resistance  pass  from'a  condition  of  stable,  through  indif- 
ferent, to  UDStable  equilibrium.  The  law  of  plastic  extension,  y  «  ^(x\  as  defined 
by  the  curve,  fixes  mathematically  the  occurrence  of  the  '  plastic  limit ; '  and  it  fixea 
also  the  '  breaking  weight  per  square  inch  of  original  area,'  which  can  have  only  one 
vaJue,  and  is  easily  found  by  graphic  construction.  The  breaking  weight  of  the  tie* 
bar  as  thus  defined  depends  upon  the  plastic  extensibility,  in  much  the  same  way 
that  the  breaking  weight  of  a  strut  depends  upon  the  elastic  modulus. 

8.  Examining  next  the  possibilities  of  deformation  in  a  bar  of  uniform  or 
nearly  uniform  extensibility,  it  may  be  seen  that,  as  the  plastic  limit  is  approached, 
the  slightest  irregularity  in  section  or  in  extensibility  tends  to  precipitate  the  for- 
mation of  a  contracted  region,  and  ensures  that  Myond  that  limit  the  further 
extension  of  the  bar  and  the  further  contraction  of  area  will  be  confined  to  the 
same  region.  For  stresses  below  the  plastic  limit  the  probabilities  of  deformation 
may  be  examined  by  considering  the  relative  time-rates  of  extension  at  two  elements 
which  may  have  been  unequally  stretched,  and  at  first  the  tendency  is  theoretically 
in  favour  of  preserving  the  cylindrical  form  of  the  bar.  But  beyond  the  plastic  limit 
these  conditions  are  reversed,  and  the  tendencies  are  all  in  favour  of  precipitating 
the  most  rapid  contraction  of  area  at  the  point  where  any  contraction  already 
exists,  and  tnus  to  pinch  in  Still  further  the  region  where  any  contraction  of  form 
has  begun  to  show  itself. 

The  observed  phenomena  agree  very  well  with  these  deductions,  and  may  be 
rationally  attributed  to  the  operation  of  the  mechanical  conditions  named. 

9.  Going  back  to  the  yield-point,  the  sudden  donation  which  here  takes  place 
appears  to  be  something  difierent  from  plastic  extension.  Examined  analytically, 
the  process  is  found  to  take  place  at  somewhat  different  stresses  in  the  different 
segments,  while  in  any  one  short  element  or  segment  it  seems  to  be  instantaneous. 
If  the  yield  is  arrestea  midway  and  the  bar  examined,  it  is  sometimes  found  that 
the  elongation  has  been  quite  completed  in  some  segments,  and  not  even  commenced 
in  others.  This  irregularity  is  greater  than  anything  met  with  in  connection  with 
plastic  extension,  and  may  account  for  the  variations  of  form  observed  in  auto- 
graphic diagrams  at  this  point.  When  the  process  has  taken  place  throughout,  it 
constitutes  an  elongation  which  is  almost  uniform  throughout  the  bar,  and  after 
the  yield  the  segments  fall  into  line  and  exhibit  a  neariy  identical  curve.  As 
regards  the  slight  curvature  below  tho^ield-point,  it  may  be  doubtful  whether  this 
indicates  the  commencement  of  yield  in  some  short  elements,  or  the  commence- 
ment of  a  plastic  extension  in  the  course  of  which  the  yield  occurs  as  a  separate 
incident. 

10.  The  author  recognises  the  insufficient  nature  of  his  experimental  data,  and 
the  need  for  further  study  and  more  refined  measurements  of  the  true  curve  of 
plastic  extension ;  but  judging  from  the  results  obtained,  some  formulse  are  suggested 
as  representing  the  probable  law  of  plastic  extension  for  such  a  ductile  material. 

11.  In  the  paper  some  further  experiments  are  described  which  were  made  with 
the  object  of  measuring  the  extensions  on  a  larger  scale,  and  of  testing  some  of 
the  propositions  before  referred  to. 


3.  On  Tunnel  Construction  by  means  of  Shield  and  Compressed  Air,  with 
special  Reference  to  the  Tunnel  undei'  the  Thames  at  Blackwall,  By 
Maurice  Fitzmaurice. 

Since  1802,  when  Mr.  George  F.  Deacon  read  a  paper  before  the  British  Asso- 
ciation on  the  construction  by  means  of  shield  and  compressed  air  of  the  Vymwy 
Aqueduct  Tunnel  under  the  Mersey,  other  and.larger  tunnels  have  been  constructed 
and  are  now  in  course  of  construction  in  this  country  by  the  same  methods. 

Three  tunnels  have  been  thus  completed  under  the  Clyde  just  below  Glasgow, 
and  tunnels  at  several  pointa  in  Glasgow  are  being  made  in  connection  with  the 
Glasgow  District  Subway.    A  tunnel  is  also  being  constructed  in  Edinburgh  by 
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the  same  means.  In  all  these  tunnels  compressed  air  has  heen  used  in  conjunction 
with  shields  almost  continuously,  as  the  amount  of  water  met  with  has  been  large, 
und  it  has  been  necessary  in  most  cases  to  avoid  all  subsidence  of  the  ground  above 
as  much  as  possible. 

The  tunnel  under  the  Thames  at  Blackwall  which  is  being  built  for  the  London 
Oounty  Council  under  the  direction  of  their  chief  engineer,  Mr.  A.  R.  Binnie,  has 
now  been  under  construction  for  more  than  two  years,  and  although  the  greatest 
difficulties  have  probably  yet  to  come,  still  an  account  of  the  present  state  of  the 
work  and  the  difficulties  met  with  up  to  date  will,  it  is  hoped,  not  be  wiUiout 
interest. 

Before  dealing  with  the  Blackwall  Tunnel  the  author  made  a  few  remarks  oa 
previous  tunnels  constructed  by  one  or  both  of  the  methods  under  consideration. 

The  tunnel  under  the  Thames  between  Wapping  and  Rotherhithe,  constructed 
by  Brunei  between  the  years  1825  and  1842,  was  the  first  tunnel  constructed  by 
means  of  a  shield,  and  its  history  is  so  well  Imown  that  it  will  not  be  necessary  to 
refer  further  to  it.  It  may  be  noticed,  however,  that  in  a  patent  of  Brunei's  taken 
out  in  1818  he  had  at  that  time  conceived  the  idea  of  a  tunnel  made  of  cast  iron 
with  an  inside  brick  lining,  and  constructed  by  means  of  a  shield  which  had  a 
tail  lapping  over  the  completed  portion  of  the  tunnel  and  shoved  forward  by  meana 
of  hydraulic  rams. 

Cochrane  took  out  a  patent  for  using  compressed  air  in  the  construction  of 
shafts  and  tunnels  in  1833,  but  it  was  not  used  for  the  former  until  1839,  and  waa 
not  used  in  any  tunnel  before  1872  or  1873. 

The  use  of  compressed  air  in  conjunction  with  a  shield,  and  the  construction  of 
the  tunnel  itself  with  cast-iron  rings,  although  the  latter  may  not  be  so  important 
in  some  cases,  may  be  considered  the  key  to  tunnelling  in  loose  or  soft  ground  filled 
with  water. 

The  question  of  settlement,  especially  in  towns,  is  a  very  important  one. 
When  pumping  has  to  be  done  the  water  is  naturally  drawn  down  in  the  adjacent 
strata,  and  m  addition  quantities  of  sand  often  come  with  the  water,  and  settle- 
ment occurs  from  the  first  or  from  both  of  these  causes.  When  compressed  air  is 
used  no  pumping,  of  course,  b  necessary,  and  therefore  there  can  be  no  settlement 
imder  that  bead.  Probably  the  most  fruitful  cause  of  settlement  in  ordinary 
tunnels  is  caused  by  the  fact  that  more  ground  is  taken  out  than  the  tunnel  actually 
fills,  and  although  the  utmost  care  is  taken  in  supporting  the  ground  and  packing 
all  cavities,  a  certain  amount  of  settlement  invanably  occurs.  With  a  shield  the 
excavation  is  reduced  to  almost  the  net  section  of  the  tunnel,  and  therefore  no 
settlement  can  take  place  to  any  appreciable  extent.  As  regards  safety  in  working, 
it  is  evident  that  when  only  the  face  of  the  excavation  is  open,  and  that,  perhaps, 
only  in  small  areas,  and  the  water  is  kept  back  by  compressed  air,  the  maximum 
of  safety  is  assured.  The  great  advantages  of  constructing  the  tunnel  of  cast-iron 
segments  tire,  that  it  is  much  quicker  to  build  than  anything  else,  and  that  it  has 
its  full  strength  as  soon  as  it  is  built ;  and  this  latter  is  a  very  important  matter  in 
soft  ground,  which  exerts  a  heavy  pressure  on  the  tunnel. 

The  Tower  Subway,  7  ft.  1}  in.  in  external  diameter,  constructed  by  Mr.  Peter 
Barlow  in  1869,  is  interesting  as  being  the  fiist  tunnel  in  which  a  shield  shoved 
forward  as  one  structure  was  used,  and  for  the  construction  of  which  cast  iron  was 
adopted.  It  was  driven  through  London  clay,  no  water  had  to  be  dealt  with,  and 
no  difiicnlties  were  encounterea.  In  1870  an  experimental  len^h  of  tunnel  8  ft. 
in  external  diameter  was  driven  under  Broadway,  New  York  City,  by  means  of  a 
shield,  to  demonstrate  the  practicability  of  constructing  tunnels  by  this  method 
without  injuring  buildings  by  settlement.  Between  1870  and  1874  tunnels  of  6  ft. 
diameter  were  driven  by  the  same  means  under  the  streets  of  Cincinnati  for  drainage 

Surposes,  and  for  1^  mile  under  Lake  Erie  for  the  supply  of  water  to  Cleveland, 
ihio. 
The  first  large  tunnel  completed  by  means  of  shields  and  compressed  air  was 
the  St.  Clair  Tuunel,  finished  in  1890.  It  was  constructed  with  cast-iron  segments 
of  an  outside  diameter  of  21  ft,  and  compressed  sir  up  to  a  pressure  of  32  Id.  waa 
used.  This  tunnel  was  piindpally  throu^  soft  clay,  and  the  maximum  progress 
in  one  month  at  one  face  was  382  ft.  f  ^  \ 
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About  the  same  time  Mr.  J.  H.  Greathead  completed  the  City  and  South 
London  Railway  in  London.  It  consists  of  two  tunnels,  made  of  cast-iron  seg- 
ments, 10  ft.  6  in.  in  diameter  each,  and  3  miles  long.  Compressed  air  was  only 
necessary  for  short  distances  at  three  points,  as  it  was  principally  diiyen  through 
London  clay. 

Previous  to  the  construction  of  the  St.  Olair  Tunnel  comniessed  air  had  been 
used  in  the  Hudson  Tunnel,  which  still  remains  unfinishea  owing  to  financial 
difficulties.  The  greater  portion  of  its  length  is  constructed  of  cast-iron  rings  of 
10  ft.  8  in.  diameter. 

In  1891  Messrs.  Pearson  and  Son's  tender  for  the  construction  of  the  Blackwall 
Tunnel,  amounting  to  871,000/.,  was  accepted  by  the  Council^  and  the  work  was 
commenced  in  1892.  Mr.  D.  Hay  and  the  author  were  appointed  as  resident 
engineers  under  Mr.  A.  R.  Binnie,  and  Mr.  £.  W.  Moir  took  charge  of  the  works 
for  the  contrACtors. 

The  Blackwall  Tunnel  is  much  larger  than  any  tunnel  yet  constructed  by  the 
methods  adopted.  The  outside  diameter  of  the  St.  Clair  Tunnel,  which  is  the 
largest  one  at  present,  is  21  ft.,  while  that  at  Blackwall  is  27  ft.  in  external 
diameter. 

The  followiag  are  some  of  the  leading  dimensions : — 

Ft    io. 

Length  from  entrance  to  entrance    .        •        .        «    6,200    0 

This  total  distance  is  divided  as  follows : — 

Open  approaches,  flanked  by  retaining  walls .        .    1,735    0 

Cut-and-cover  portion,  built  of  brick  and  concrete    1,382    0 

Castriron- lined  portion 3,083    0 

The  width  of  roadway  is 16    0 

And  the  width  of  each  footpath        •        .        .        .  3    1^ 

The  tunnel  is  level  under  the  river,  and  the  gradient  on  the  north  side  is  1  in 
34,  and  on  the  south  side  1  in  36.  There  are  four  vertical  shafts,  two  on  each  side 
of  the  river,  and  varying  in  depth  from  75  ft.  to  100  ft.  below  ground  level.  Each 
shaft  is  a  wrought-iron  caisson  of  68  ft.  external  diameter  at  the  bottom,  and  48  ft. 
internal  diameter  throughout,  and  lined  with  brickwork.  Each  caisson  consists  of 
two  wrought-iron  skins,  5  ft.  apart,  braced  together,  and  terminating  in  a  cutting- 
edge.  Two  circular  holes,  which  are  temporarily  plugged  while  sinking,  are  left  m 
each  caisson  to  give  way  for  the  tunnel  through  the  shafb,  and  provision  is  made 
for  an  airtight  floor  above  the  level  of  the  tunnel  when  necessary.  The  space 
between  the  two  skins  is  filled  with  concrete.  Two  caissons  have  been  sunk,  and 
the  two  others  are  in  course  of  being  sunk. 

The  tunnel  is  constructed  of  cast-iron  rings  2  ft.  6  in.  long,  and  each  ring 
consists  of  fourteen  segments  and  a  key-piece.  The  thickness  of  metal  is  2  in. 
and  each  segment  has  flanges  12  in.  deep,  and  both  longitudinal  and  circum- 
ferential joints  are  planed. 

The  shield  used  for  the  construction  of  the  tunnel  is  19  ft.  6  in.  long,  and 
IB  27  ft.  8  in.  in  external  diameter.  The  outer  shell  consists  of  four  |-in. 
steel  plates.  The  shield  is  divided  into  a  front  and  back  portion  by  two  vertical 
diaphragms  at  right  angles  to  its  axis.  It  is  thus  possible,  when  necessary,  to 
have  a  higher  air  pressure  in  the  working  face  of  the  shield  than  in  the  completed 
portion  of  the  tunnel.  The  space  between  these  two  diaphragms  forms  an  air-lock, 
both  diaphragms,  of  course,  being  provided  with  doors,  by  which  access  to  the 
working  face  is  obtained.  At  the  back  of  this  air-lock  the  shield  consists  only  of 
the  outer  shell,  which  always  laps  over  and  outside  at  least  one  completed  ring  of 
the  tunnel,  and  inside  of  which  all  the  rings  are  built.  The  space  of  4  in. 
left  outside  the  rings  when  the  shield  is  shoved  forward  is  filled  with  grout, 
forced  in  by  air  pressure  through  screwed  holes  made  in  each  segment  for  the 
purpose*  Everything  is,  therefore,  quite  solid  at  the  back  of  the  cast-iron  lining. 
At  the  air-lock  and  in  front  of  it  there  is  an  inner  shell,  connected  stiffly  to  the 
outer  shell  by  circular  girders  and  in  other  ways,  and  both  joining  together  at  the 
cutting-edge.  The  working  face  is  divided  into  four  horizontal  floors  and  twelve 
working  chambers  by  vertical  and  horizontal  diaphragms  in  the  line  of  the  axis  of 
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the  ahield.  A  hanglog  iron  screen  in  each  compartment  about  6  (I.  back  from 
the  cutting-edge  forms  a  safety  chamber  at  its  back,  where  men  could  stand  with 
their  heads  abo7e  water  in  case  of  a  rush  of  water  in  the  face  due  to  air  blowing 
out  suddenly,  or  from  other  causes.  Prorision  is  made  for  using  iron  polinpr  boards 
at  the  &ce,  shoved  forward  by  jacks,  when  in  ballast,  if  necessary.  The  shield,  which 
weighs  about  250  tons,  is  shoved  forward  b^  twenty-eight  hydraulic  jacks  fixed  at 
the  back  and  butting  against  the  cast-iron  hning,  and  able  to  exert  a  total  pressure 
of  over  3,000  tons. 

At  the  present  time  the  portion  of  the  tunnel  between  shafts  No.  4  and  No.  3 
has  been  constructed.  The  shield  was  started  from  No.  4  shaft  in  June  1693, 
the  first  permanent  ring  being  erected  on  June  9.  When  first  starting  the  face 
was  nearly  all  clay,  there  being  a  little  ballast  at  top  and  a  little  fine  sand  at  the 
bottom.  It  was  therefore  decided  to  go  on  without  compressed  air  for  some  time, 
and  in  three  months  seventy-seven  rings,  being  equivalent  to  a  length  of  102  lineml 
feet,  were  erected.  This  length  was  done  with  practically  no  timbering,  except  in 
the  top  ballast  for  a  short  length,  in  which  a  good  deal  of  water  was  met.  A  little 
previous  to  this  time  the  cutting-edge  at  the  bottom  of  the  shield  got  bent  by 
shoving  the  shield  against  a  layer  of  rock  which  was  met  in  the  clay,  and  it  was 
found  now  to  have  got  much  worse.  It  was  therefore  considered  wtter  to  drive 
a  timbered  bottom  heading  in  front  of  the  shield,  and  put  in  a  concrete  foundation 
on  which  the  shield  could  be  shoved  forward  to  the  next  shaft.  This  was  done 
for  the  bottom  6  ft.  of  the  shield,  all  the  excavation  above  this  level  being  done 
without  timbering.  In  this  way  by  the  middle  of  December,  six  months  after 
starting,  101  rings,  equivalent  to  477  lineal  feet,  had  been  erected. 

As  the  tunnel  was  going  down  a  gradient  of  1  in  86,  and  the  top  of  the  sand 
remained  nearly  level,  the  latter  was  now  up  to  the  middle  of  the  shield,  and  whs 
carrying  a  great  deal  of  water.  On  December  16  there  was  a  rush  of  water  and 
sand,  which  filled  the  heading  with  sand,  and  the  water  rose  15  ft.  in  the  tunnel 
at  the  shield. 

As  the  shield  was  now  close  to  No.  3  shaft,  which  was  not  yet  sunk  to  its  full 
depth,  it  was  considered  safer  not  to  continue  the  tunnel  until  the  shaft  was  sunk, 
and  in  the  meantime  to  make  preparations  for  using  compressed  air  when  work 
was  ag(un  started.  A  concrete  oulkhead  was  therefore  built  across  the  tunnel,  with 
air-locks  in  it,  a  little  back  from  the  shield,  and  when  the  shaft  had  been  sunk  to 
its  full  depth,  work  was  recommenced  in  the  tunnel  on  March  23,  under  air  pressure 
of  about  16  lb.  to  the  square  inch. 

No  further  trouble  from  water  w;as  then  ex|>erienced,  and  by  going  on  in  the 
same  wav  as  above  described  with  a  bottom  heading,  the  shield  was  got  into  No.  3 
shaft  in  May.  It  is  now  being  strengthened  and  repaired  there,  preparatory  to 
starting  under  the  river  from  No.  3  to  No.  2  shaft. 

In  the  deepest  portion  of  the  river,  where  the  top  of  the  tunnel  comes  within 
7  ft.  of  the  river  bed,  which  is  all  gravel  at  this  point,  it  is  proposed  to  lay  a 
bed  of  clay  10  ft.  thick  in  the  bottom  of  the  river,  to  prevent  the  compressed  air 
blowing  out ;  and  with  this  precaution  it  is  hoped  that  no  difficulty  will  be  met 
with  in  this  portion  of  the  work  which  cannot  be  overcome  by  the  experience 
already  gainect  in  the  portion  between  shafts  No.  3  and  No.  4. 


SA  TURBA  r.  A  UQ  UST  11. 

The  following  Papers  were  read : — 

I.  On  Methods  that  have  been  adopted  for  measwring  Pressures  in  the  Bores 
of  Guns,    By  Sir  A.  Noble,  K.C.B.,  F.B.S.See  Reports,  p.  523. 
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2.  On  the  most  Economicdl  Temperature  for  Steam-engine  Cylinders;  gr^ 
Hot  V.  Cold  Walls.    By  Brtan  Donkin,  MJnsLC.E. 

The  author  callfl  attention  to  the  important  question  of  the  most  suitahle  tem- 
perature of  cylinder  walls  to  ohtain  the  maximum  economy  hy  reducing  condensa- 
tion  in  steam  cylinders  to  a  minimum.  To  diminish  condensation  his  experiments 
prove  that  it  is  essential  to  reduce  the  difference  of  temperature  between  the 
incoming  steam  and  the  cylinder  walls.  In  most  cases  the  cylinder  walls  are  much 
colder  than  the  steam,  and  often  one-half  the  weight  of  steam  is  condensed  during 
admission.  Many  experiments  show  that  the  nearer  the  temperature  of  the  cylinder 
wall  is  to  that  of  the  entering  steam  the  greater  is  the  economy.  With  wails  40^ 
to  60°  Fahr.  colder  than  the  steam,  as  is  often  the  case,  the  consumption  is  greatly 
increased,  owing  to  the  large  amount  of  condensation.  On  the  other  hand,  the 
cylinder  metal  can  be  made  too  hot  and  heat  wastod  at  exhaust.  This  has  also 
been  experimentally  proved  by  the  author.  The  best  results  in  steam  economy 
have  been  obtained  wnen  the  temperature  of  the  internal  surfaces  is  a  little  higher 
than  that  of  the  entering  steam. 

Cylinder  walb  can  be  heated  in  yarious  ways.  The  most  usual  is  to  raise  their 
temperature  and  that  of  the  covers,  by  means  of  boiler  steam  introduced  into  the 
jacket  spaces.  Another  method,  and  one  used  a  good  deal  on  the  Continent,  is  to 
work  with  superheated  steam.  This  steam  has  been  employed  in  some  cases  with 
advantage  in  the  jackets  as  well  as  in  the  cylinders.  Smoke  jackets  have  generally 
preyed  a  failare.  When  the  jacket  is  connected  to  a  condenser  having  a  good 
vacuum,  economy  of  steam  is  also  obtained,  but  not  so  much  as  with  steam  in  the 
jackets.  To  secure  the  maximum  economy  also,  it  is  important  not  only  to 
diminish  the  volume  of  the  clearance  spaces,  but  especially  to  reduce  as  much  as 
possible  the  area  of  the  clearance  boundary  surfaces.  In  this  way  the  weight  of 
iron  heated  and  cooled  per  stroke  so  many  degrees  can  be  materially  diminished. 
The  character  of  the  internal  surfaces,  whether  rough  from  the  sand  or  turned, 
and  their  position,  horizontal  or  vertical,  have  also  some  influence  on  the  trans- 
mission of  heat  and  condensation  of  steam,  as  verified  by  recent  trials. 

Experiments  have  also  shovvn  that  the  cylinder  wall  in  any  working  steam 
engine  is  divided  thermally  into  two  parts ;  the  outer  portion  remains  at  a  constant 
temperature,  and  the  inner  or  periodic  portion  is  heated  with  each  steam,  and 
cooled  with  each  exhaust  stroke.  The  rehitive  proportion  of  these  two  parts,  or 
the  depth  to  which  the  heat  penetrates  into  the  metal,  depends  largely  upon  the 
speed  of  the  engine,  and  on  the  temperature  of  the  cjyiinder  relatively  to  that  of 
tne  entering  steam.  In  a  non-jacketed  engine,  with  one-inch  cylinder  walls, 
working  at  thirty-five  revolutions  per  minute,  the  depth  to  which  the  heat  pene- 
trates and  fluctuates  per  stroke  is  at  least  about  eight  to  nine  millimetres  from  the 
internal  surface.  The  depth  of  heat-penetration  for  the  same  speed  is  much  less 
with  hot  than  with  cold  walls ;  a  less  weight  of  metal  is  heated  per  stroke ;  and 
condensation  is  found  to  be  much  reduced. 

The  author  gives  some  of  the  results  of  eighty  experiments  on  a  small  ver- 
tical engine,  with  cylinder  6  in.  diameter  and  8  in.  stroke,  made  expressly  for 
experimental  research.  The  detiuls  are  to  be  published  in  '  Proceedings  of  the 
Institution  of  Mechanical  Engineers.'  The  engine  was  worked  with  very  diflerent 
temperatures  of  walls,  and  many  tests  were  made,  condensing  and  non-condensing, 
jacketed  and  non-jacketed,  slDgle  and  double  acting,  at  diflerent  expansions,  and 
with  both  saturated  and  superheated  steam  in  the  cylinder  and  jackets.  Care  was 
taken  in  these  experiments  only  to  vary  one  set  of  conditions  at  a  time.  Results 
of  two  experiments  are  added,  one  with  hot  and  the  other  with  cold  waUs,  or 
one  with  steam  and  the  other  with  air  in  the  jackets.  Both  tests  were  made  con- 
densing, double-acting,  with  50  lb.  steam  pressure,  ^  cut-ofl^,  and  at  a  speed  of 
^20  revolutions  per  minute.  The  walls  were  some  30^  Fahr.  hotter  with  than 
without  steam  in  the  jackets ;  the  steam  consumption  per  I.H.P.  per  hour  was 
reduced  from  41^  lb.  to  28^  lb.,  or  about  31  per  cent. ;  the  thermal  efficiency  was 
increased  from  6'7  to  8*1  per  cent.,  or  40  per  cent,,  and  the  rate  of  initial  condensar 
tion  was  reduced  from  460  lb.  to  217  lb  per  square  foot  per  hour,  or  by  more  than 
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one-half.  •  The  pei;centage  of  steam  present  in  the  mixtuie  during  expaisbn  in* 
also  increased  by  about  50  per  cent. 

Throughout  these  experiments  an  increase  of  economy  with  the  hotter  walls 
was  always  yerified ;  the  thermal  efficiency  was  higher,  the  initial  condensation 
less,  and  the  percentage  of  steam  present  during  expansion  always  increased. 

The  test«  on  this  engine  point  to  the  practical  conclusion  that  the  range  of 
steam  temperature  in  the  cylinder  per  stroke  has  much  less  effect  on  the  steam 
consumption  than  the  temperature  of  the  walls. 

The  paper  may  be  shortly  summarised  thus : — The  most  uneconomical  lesolta 
were  always  obtained  with  the  cylinder  walls  colder  than  the  entering  steam. 
Under  these  conditions  considerable  initial  condensation  was  produced,  drops  of  all 
sizes  up  to  3  mm.  diameter  being  formed  and  running  down  the  cold  surfaces. 
The  heat  also  penetrated  into  the  colder  walls  to  a  considerable  depth,  a  certain 
quantity  being  given  up  by  the  steam  at  every  stroke,  to  raise  the  temperature  of 
the  internal  surfaces  after  exposure  to  the  condenser  temperature.  Both  at  cut-off 
and  release  there  was  a  great  deal  of  water  in  the  cylinder  compared  with  the 
weight  of  steam  present.  On  the  other  hand,  the  most  economical  results  were 
always  obtained  when  the  cylinder  walls  were  at  about  the  same  temperature  ss 
that  of  the  entering  steam.  Under  these  conditions  the  rate  of  initial  condensa* 
tion  was  very  much  lower,  and  the  drops  of  water  formed  much  smaller  in  size. 
The  heat  penetration  into  the  walls  was  also  much  less,  a  smaller  amount  of  steam 
sufficing  to  heat  the  internal  surfaces  after  being  cooled  by  the  condenser.  The 
percentage  of  steam  present  in  the  mixture,  at  cut-off  and  release,  was  also  very 
much  increased. 

If  engineers  and  others  using  steam  engines  wish  to  work  economically  and 
with  smaller  boilers,  they  must  arrange  to  keep  their  cjlinders  and  covers  as  hot  as 
the  steam  entering  the  cylinder ;  otherwise  the  cylinder  becomes  unintentionally 
an  efficient  condenser,  with  a  large  area  of  cooling  surface. 

Properly  applied  steam  jackets  are  economical,  because  they  raise  the  t^em- 
perature  of  the  walls  touched  by  the  steam.  Those  who  cannot  steam-jacket 
the  whole  cylinder  should  at  least  jacket  the  two  covers,  which  are  the  most 
important  surfaces. 

Weil-arranged  jackets  with  proper-sized  pipes  for  entering  steam  and  exit  water^ 
without  places  for  air  to  collect,  are  an  excellent  investment,  and  pay  a  good 
interest  on  the  small  additional  cost. 


MONDA  r,  A  UG  VST  13. 
The  following  Papers  were  read : — 
1.  On  Signalling  throttgh  Space.     By  W.  H.  Preece,  C.B,,  F,B.S. 


2,  On  Some  Advantages  of  Alternate  Currents* 
By  Professor  Silvanus  P.  Thompson,  F.R.S. 


3.  ContinuouS'CurrerU  Distribution  of  Electricity  at  High  Voltage  cU  Oxfords 
By  Thomas  Parker,  F.R,S,E,,  M.Inst.CB.,  MJnsUM.E.^  MJnstE.E. 

The  Central  Station  at  Oxford  was  started  in  the  middle  of  the  year  1802,  and 
is  equipped  with  high-tension  continuous-cuiTent  dynamos  driven  by  means  of  bdt» 
from  triple-expansion  vertical  engines ;  it  is  placed  1,600  yards  away  from  the  araa 
of  lighting.  The  current  is  distributed  by  means  of  a  network,  which  is  fed  by 
motor  generators  transforming  from  1,000  to  105  volts.  These  motor  gene- 
rators are  started,  stopped,  and  regulated  from  a  central  switch  station  placed  in 
the  area.    The  main  feature  of  the  system  is  the  complete  control  of  the  motor 
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generators  from  the  switch  station ;  and  the  nnmher  connected  on  to  the  network 
being  varied  to  suit  the  load,  it  is  possible  to  always  work  the  transformers  at  a  high 
efficiency.  A  small  battery  situated  at  the  switch  station  is  used  to  supply  the 
small  day  and  night  loads,  thus  enabling  the  Central  Station  to  be  entirely  shut 
down  for  a  great  portion  of  the  twenty-four  hours.  * 

The  figures  for  1893  show  that  the  total  efficiency  of  the  system  was  CI '62  per 
cent.,  and  the  efficiency  of  the  motor  ^nerators  was  74*44  per  cent,  including 
losses  in  mains  and  resistances.  This  is  not  so  high  as  it  will  be  in  the  future, 
when  the  lamps  are  more  evenly  distributed  over  the  area.  The  battery  efficiency- 
was  60-64  per  cent.  The  actual  coal  used  tiiroughout  the  year  works  out  to 
6'83  lb.,  or  -718  penny  per  unit  sold,  which  is  a  very  good  result,  as  only  slightly 
over  100,000  Board  of  Trade  units  were  metered.  The  oil,  waste,  water,  ani 
general  engine-room  stores  work  out  to  -0657  penny  per  unit  metered.  The  total 
number  of  lamps  installed  at  the  beginning  of  the  year  was  4,041,  which  increased 
to  7,012  by  the  end  of  the  year.  As  the  great  proportion  of  supply  is  taken  up  by 
colleges,  the  term- time  is  the  only  part  of  the  year  when  anything  like  a  load  caa 
be  obtained,  and  the  load  factor  is  only  631  per  cent. 

The  revenue  during  the  year  under  notice  was  10«.  lid,  per  d5-watt  lamp 
installed. 


4.  On  a  Special  Chronograph. 
By  Hrnrt  Lba,  M.Iiiat.CE.^  and  Robert  Bragge. 

In  his  capacity  as  electric  inspector  for  the  city  of  Birmingham  the  duty  ot 
one  of  the  writers  is  to  test  the  accuracy  of  the  electric  meters  used  in  that  city. 
The  test  involves  an  accurate  measurement  on  the  one  hand  of  the  current  of 
electricity  passing  through  the  meter,  and  on  the  other  hand  of  the  period  of  time 
during  which  the  current  of  electricity  effects  a  certain  number  of  revolutions  of 
the  meter  armature. 

For  the  electrical  measurements  he  selected  a  Crompton  potentiometer,  but 
as  hie  chronograph  was  not  accurate  enough  be  drew  up  a  specification  upon 
which  the  English  Watch  Company  built  the  chronograph  exhibited  to  the  meeting. 
The  ideal  chronograph  is  one  with  a  perfectly  divided  dial,  an  absolute  prompt 
start,  a  definite  stop  at  zero,  and  a  continuous  or  running  motion  of  the  hand. 

The  test-room  chronograph  under  notice  is  not' intended  for  use  as  a  watch ;  it 
is  purely  and  simply  a  micrometer  applied  to  time,  and  therefore  it  has  only  two 
pointers — one  from  the  centre,  giving  seconds  and  their  fractions,  the  other  placed 
halfway  between  the  centre  and  circumference,  showing  minutes  up  to  sixty.  The 
dial  of  aluminium,  being  engine  divided,  is  mechani^ly  perfect;  and  being  of 
large  size,  2\  inches  of  sight,  the  divisions  of  ten  to  the  second  are  clearly 
defined. 

The  prompt,  absolute  start  is  obtained  by  dispensing  with  all  intermediate  gear- 
ing and  relying  on  the  main  train  of  wheels  impelled  by  the  ordinary  mainspring. 
The  starting  lever  not  only  releases  the  balance-wheel,  but  at  the  same  time  by 
the  momentazy  contact  of  a  light  spring  blade  impels  the  wheel  in  the  required 
tlirectiim. 

The  absolute  stop  at  the  end  of  an  observation  is  obtained  by  the  frictional 
contact  of  the  aforesaid  spring  blade  with  the  edge  of  the  balance-wheel. 

The  absolute  stop  at  zero  is  obtained  by  fixing  upon  the  axis  of  the  seconds 
wheel  a  collet  cairymg  a  blade.  Upon  the  top  of  the  movement  there  is  a  lever| 
which,  during  the  period  of  an  observation,  is  neld  back;  but  when  the  observa- 
tion is  concluded  it  is  set  free  by  a  push  of  the  button,  and  falls  to  a  noint  where 
it  crosses  the  path  of  the  blade  already  referred  to,  and  stopping  the  wheels  brings 
about  the  absolute  stop  we  require. 

The  last  thing  requisite  is  for  the  seconds  hand  to  have  a  continuous  run. 
Everything  tried  up  to  the  mresent  has  had  a  tendency  to  accelerate  its  rate,  and 
is  therefore  inadmissible.  The  lever  escapement  has  been  adhered  to,  and  by 
using  hard  stone  jewellings,  and  by  observing  great  accuracy  in  the  angles  of  the 
pallets,  the  makers  are  enabled  to  double  the  ordinary  number  of  beats— 36,000 
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instead  of  18,000 — hnd  although  in  every  heat  there  are  three  BToceeeea,  the  whole 
follow  so  smoothly  that  the  progression  of  the  hand  is  praeticaUy  continuous. 


5*  On  a  Direct  Beading  Form  of  Platinum  Thermometer. 
By  G.  M.  Clark,  B.A, 

The  author  descrihed  the  pyrometer  of  Callendar  and  Griffiths.  In  this  instm- 
xnent  the  leads  to  the  platinum  coil  are  so  arranged  that  only  a  single  oheervation 
is  necessary  to  determine  its  resistance.  Further,  hy  constructing  the  galTano- 
meter  so  that  it«  deflections  are  independent  of  the  E.M.F.  of  the  hattery,  the 
same  increase  of  resistance  of  the  coil  will  always  give  the  same  deflection  on  the 
scale.  A  wide  range  of  temperature  as  well  as  an  open  scale  is  secured  by  the 
galvanometer  being  brought  Wk  to  zero  every  hundrea  degrees.  It  is  also  pointed 
out  that  the  '  fixed  points '  of  these  thermometers  are  not  liable  to  variation. 

As  reliable  experiments  with  the  air  thermometer  above  700^  C.  have  not  yet 
been  carried  out,  the  author  suggested  the  adoption  of  a  platinum  thermometer 
with  fixed  coefficients  as  a  standard. 


TUESDAY^  AUGUST  H. 
The  following  Beport  and  Papers  were  read : — 
I.  The  Beport  of  the  Committee  on  Dryness  of  Steam^ — See  Reports,  p.  392» 


2.  On  the  Temperature  ErUropy  Diagrams, 
By  H.  F.  W.  Bqestall,  M.A.,  A.MJn8t.C.E. 

The  treatment  adopted  in  this  paper  has  been  to  consider  the  temperature 
entropy  diagrams,  from  the  engineer's  point  of  view,  and  as  &r  as  possible  graphical 
methods  are  alone  employed. 

The  reason  of  the  great  value  of  the  diagrams  lies  in  the  fact  that  an  area 
represents  the  heat  required  to  eflect  the  change  denoted  by  the  contour  of  the  area; 
and  when  the  actual  expansion  of  the  steam  is  plotted  on  the  heat  diagram  it  is 
easy  to  see  by  inspection  where  the  losses  of  heat  have  occurred. 

The  ordinates  of  the  curves  are  the  absolute  temperature  and  the  entropy  or 
heat  weight. 

The  curves  denoting  the  heat  required  to  form  a  given  mixture  of  steam  and 
water  can  be  drawn  once  for  all ;  after  that  verjr  simple  arithmetic  is  all  that  is 
required  to  trace  the  expansion  curve  for  any  engme  on  the  heat  diagram. 

The  changes  in  the  pressure  and  dryness  of  steam  confined  in  a  constant  volume 
are  shown  by  means  of  a  model  in  space,  in  which  the  vertical  distances  represent 
the  volume  of  steam,  and  the  horizontal  plane  a  temperature  entropy  diagram. 
On  cutting  the  surface  formed  by  a  plane  parallel  to  the  horizontal  plane  we  have 
a  cur\'e  which  gives  the  constant  volume  curves,  and  the  construction  follows  at 
once  from  the  model. 

The  paper  was  illustrated  by  diagrams  from  several  types  of  steam  engines,  both 
compound  and  triple  expansion,  and  the  diagram  for  a  gas  engine  was  also  shown. 


3.  On  the  Hunting  of  Governed  Engines} 
By  James  Swinburne,  MJnst,C,E, 

Governors  are  generallv  considered  as  complete  mechanisms  without  reference^ 
to  the  engines  governed.    Hunting,  however,  depends,  not  only  on  the  governor^ 

*  Published  in  full  in  Engineering,  August  17, 1894. 
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but  also  on  tba  inertia  of  the  fly-wheel  and  the  load  on  the  engine.    A  Watt 

?;oyenior  acting.directly  on  the  thiottle  or  exnansion  valve  does  not  hunt  if  designed 
or  stability,  but  does  not  give  the  same  speea  at  heavy  as  at  light  loads.  If  made 
isochronous  it  has  either  a  dash-pot  or  a  relay.  In  either  case  the  action  of  the 
governor  is  not  instantaneous,  and  a  time-lag  is  introduced.  This  causes  huntings 
especially  if  the  load  is  light  and  the  fly-wheel  heavy  or  fast-running.  If  the  iso- 
chronous governor  works  a  slow-acting  relay  the  hunting  may  be  so  sierious  that 
the  steam  supply  alternates  between  complete  cut-ofi*  and  full  supply.  The  remedy 
is  to  use  either  an  isochronous  governor  with  no  relay,  so  that  the  engine  sets  either 
full  steam  or  none,  or  to  use  a  stable  governor  acting  direct  with  a  supplementary 
relay  gear  to  secure  the  same  speed  at  full  and  light  loads.  The  first  method  is 
not  employed  in  large  slow-running  engines,  as  the  fly-wheel  would  have  to  be 
enormous.  The  second  is  utilised  in  the  Knowles  supplementary  governor,  but  a 
second  governor  is  unnecessary^  as  one  can  fill  both  functions. 


4.  On  Engineering  Laboratory  Instruments  and  their  Calibration,  By 
David  S.  Gappbb,  M,A.,  Professor  of  Mechanical  Engineering^  Kin^s 
College^  London, 

The  reliance  to  be  placed  upon  observations  made  with  measuring  instruments 
evidently  depends  primarily  upon  the  accuracy  with  which  those  instruments 
record.  Neglect  of  this  fundamental  truth  often  leads  to  inaccurate  and  erroneous 
deductions  from  experiments  which  are  themselves  of  the  highest  scien title  value ; 
not  infrequently  the  whole  value  of  observations  may  be  destroyed  by  insufficient 
care  in  the  calibration  of  the  instruments  used.  The  subject  b  therefore  one  of 
some  importance.  The  author  describes  the  chief  sources  of  error  in  some  of  the 
most  common  engineering  investigations,  and  their  probable  value,  and  points  out 
some  of  the  possible  methods  of  correction  where  such  exist.  For  example,  in 
engine  trials  there  are  many  possible  sources  of  error.  Most  of  these  may  be  reduced 
in  percentage  value  by  continuing  the  trial  for  a  sufficient  period.  But  this  is  not  the 
case  with  errors  which  may  occur  in  the  indicators,  gauges,  or  spring  balances  used 
in  the  determination  of  power.  In  these,  unless  properly  calibrated  before  trial, 
very  serious  errors  may  be  introduced,  amounting  in  some  cases  to  6  and  6  per 
cent,  of  the  total  power  indicated.  It  is  therefore  absurd,  even  if  proper  precau- 
tions have  been  taken,  to  rely  upon  horse-power  measurements  to  two  places  of 
decimals. 

Similarly  with  regard  to  tension  and  compression  experiments  with  standard 
10-inch  bars.  Here  calibration  of  the  testing  machine  is  extremely  difficult,  and 
can  iu  general  only  be  carried  out  over  a  small  portion  of  the  range  of  the  experi- 
ments. Deductions  have  therefore  to  be  made  from  the  less  to  the  greater,  with 
the  result  that  small  errors  in  the  calibration  will  tend  to  be  magnified.  Vertical 
testing  machines  have  fewer  sources  of  error,  and  can  be  calibrated  with  more 
certainty,  than  horizontal  machines.  Extensometers  are,  however,  much  more 
easily  applied  to  a  horizontal  bar  than  a  vertical,  and  variable  jockey  weights, 
which  are  requisite  if  the  same  accuracy  is  to  be  maintained  at  low  loads  as  at 
high,  are  also  more  readily  adapted  to  horizontal  machines. 

Extensometers  can  be  made  and  calibrated  well  up  to  the  accuracy  of  the 
testing  machine.  With  standard  bars  and  a  measuring  instrument  true  to  the  ten- 
thousandth  of  an  inch,  the  modulus  can  be  relied  upon  to  the  second  significant 
figure.  It  is  doubtful  if  more  can  be  obtained  without  very  special  construction 
and  calibration  of  the  testing  machine. 

The  difficulty  in  bending  experiments,  again,  lies  in  the  accurate  application  of 
load.  Unless  the  beams  are  very  short  or  of  unmanageable  cross-sections,  the 
load  measurement  must  be  very  delicate  if  readings  approaching  the  accuracy  of 
those  in  tension  are  to  be  obtained.  It  is  possible  that  some  of  the  discrepancies 
in  published  beam  experiments  may  be  due  to  this  cause. 

The  paper  deals  shortly  with  other  cases  where  calibration  is  specially  needed, 
to  which  the  limits  of  this  abstract  do  not  permit  a  more  extensive  allusion. 
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5.  On  Lighthouse  ApparcUvs  and  Lighthouse  Administration  in  1894. 
£y  J.  Kenward,  F.S.A,^  Lighthouse  Engineer. 

The  writer  referred  to  the  principles  that  govern  the  establishment  of  modem 
lights,  and  described  the  chief  forms  of  apparatus  now  best  available  for  the  optical 
engineer,  e.g,^  the  single  flashing  or  the  group-flasbing  holophotal  revolving  ;  the 
fixed  and  occulting;  the  lenticular  revolving,  having  refracting  centres  alona, 
extended  to  high  vertical  angles ;  and  the  quick-flashing  lights  of  recent  French 
types  called /<?tt.r-^c/air*. 

He  compared  the  dimensions  or  '  orders' '  of  various  apparatus,  and  the  radiants 
of  gas,  oil,  and  electricity,  and  diecussed  the  Question  oifog  in  relation  to  these. 

He  called  attention  to  the  need  of  good  ship-lights  on  the  dioptric  system^ 
having  equality  of  power  in  the  beam. 

He  suggested  certain  reforms  in  lighthouse  administration  and  in  lighthonao 
statistics. 


6.  On  Spring  Spokes  for  Bicycles.    By  Professor  J.  D.  Everett,  F^R.S, 

The  author  described  a  construction  of  spring-spoked  wheels  for  bicycles  in 
which  both  lateral  and  rotational  yielding  are  so  naoderate  in  amount  as  to 
occasion  no  inconvenience.  Each  spoke  consists  essentially  of  a  small  coil  spring, 
weighing  half  an  ounce,  attached  to  a  light  spoke  wire,  the  connections  of  the  ends 
of  uie  spoke  to  hub  and  rim,  as  well  as  the  connection  between  spring  and  wirei 
being  of  the  hook-and-eye  kind.  The  attachment  to  the  rim  is  made,  not  at  the 
centre  of  the  rim,  but  at  its  edges,  semicircular  notches  being  cut,  into  which  the 
spokes  are  hooked,  and  the  spokes  attached  to  either  edge  of  uie  rim  are  attached 
to  the  opposite  flange  of  the  hub,  so  as  to  cross  the  plane  of  the  wheel.  The 
spokes  of  the  driving-wheel  are  not  exactly  radial,  but  slope  a  little  backwards 
and  forwards  alternately — an  arrangement  which  materially  diminishes  rotational 
yielding,  while  the  crossing  above  described  diminishes  lateral  yielding. 

It  has  generally  been  maintained  that,  while  up-and-down  elasticity  is  useful 
for  relieving  jolts,  lateral  and  rotational  yielding  are  evils  to  be  avoided.  The 
author  diflers  from  this  view,  and  maintains  that  both  lateral  and  rotationid 

Ceding,  of  the  elastic  kind,  when  kept  within  proper  limits  of  magnitude,  are 
eficial  both  as  regards  comfort  and  speed. 

When  one  of  the  wheels  of  a  bicycle  encounters  an  obstacle  (such  as  rough 
roads  abound  with),  the  collision  produces  an  impulsive  reaction  on  the  wheel,  as 
if  the  obstacle  struck  the  wheel.  Sometimes  the  direction  of  the  blow  lies  in  the 
plane  of  the  wheel,  but  in  many  cases  the  wheel  is  not  only  checked  and  lifted,  but 
at  the  same  time  driven  to  one  side.  In  order  to  cushion  the  lateral  component  of 
the  blow  there  must  be  lateral  yielding.  Accordingly,  in  running  over  patches  of 
stones,  which  jerk  the  ground-point  of  a  wheel  from  side  to  side,  the  usual  jarring 
of  the  hands  and  dLsturoance  of  the  steering  are  noticeably  absent  in  bicycles  with 
spring  spokes. 

As  regards  a  blow  delivered  in  the  plane  of  the  wheel,  the  impulse  may  be 
resolved  into  a  radial  and  a  tangential  component.  The  radial  component  is 
cushioned  by  the  shortening  of  the  spokes  in  the  neighbourhood  of  the  point  of 
impact,  and  the  lengthening  of  the  diametrically  opposite  spokes. 

The  tangential  component  is  equivalent  to  an  equal  and  parallel  impulse  on  the 
rim  in  a  line  passing  through  the  centre,  combined  with  a  torque.  The  toraue, 
from  the  symmetry  of  its  action  round  the  axle  of  the  wheel,  produces  no  jar ;  but 
the  impulse  in  a  line  through  the  centre  tends  to  drive  the  rim  backwards  and 
slightly  downwards,  with  respect  to  the  axle.  It  is  cushioned  by  the  elastic 
shortening  and  lengthening  of  spokes  which  are  nearly  horizontal. 

The  elastic  yielding  of  a  pneumatic  tyre  is  mainly  in  the  radial  direction,  and 
is  practically  nil  in  the  tangential  direction.  Its  lateral  yielding  is  very  much  less 
'  than  that  afforded  by  spring  spokes. 

Next,  as  regards  rotational  yielding  of  the  driving-wheel,  the  propelling  for6s 
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applied  by  the  rider  to  the  pedals  is  given  out  at  the  p^und-point  of  the  wheel  in 
the  shape  of  back-pressure  of  the  wheel  against  the  ground.  The  more  rigid  and 
unyielding  the  connection  between  these  two  parts  of  the  mechanism  is,  the  greater 
will  be  the  tendency  to  jarring  of  the  feet  hj  inequalities  of  the  ground.  Even  on 
smooth  ground  there  is  a  jerk  at  the  beginning  of  each  stroke,  m  the  case  of  an 
unyielding  wheel,  which  tends  to  fatigue  the  knee.  The  difference  between  the 
energy  given  to  the  springs  and  the  energy  which  they  return  is  quite  trifling  in 
comparison  with  the  saving  of  energy  which  results  from  the  easing-oif  of  concus- 
sions. Moreover,  the  energy  stored  in  the  springs  is  useful  in  carrying  the  wheel 
past  the  dead-points,  a  small  pressure  unconsciously  exerted  on  the  ]^als  being 
sufficient  to  retain  the  energy  till  it  is  wanted. 

An  indirect  benefit  from  lateral  yielding  is  the  diminution  of  side-slip.  Side- 
slip will  begin  as  soon  as  the  lateral  force  called  out  between  the  wheel  and  the 
road  at  the  ground-point  exceeds  a  certain  limiting  amount.  Lateral  yielding 
eases  off  the  suddenness  of  lateral  impulses,  thus  keeping  down  the  maximum 
amount  of  lateral  force;  and  this  is  precisely  what  is  required  for  preventing 
side-slip. 

In  some  of  the  driving-wheels  which  the  author  has  constructed  the  hub  is 
allowed  to  project  much  farther  on  the  side  remote  from  the  driving-chain  than  on 
the  side  next  the  chain,  in  order  to  permit  the  combination  of  a  wide  hub  with  a 
narrow  width  between  the  pedals.  Weaker  springs  are  used  on  the  projecting 
side  than  on  the  other  side.  This  unsymmetrical  arrangement  is  not  found  to 
interfere  with  the  ease  of  steering. 
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Section  H.— ANTHROPOLOGY. 
Pbhsidekt  op  the  SBcnoK— Sir  W.  H.  Flower,  K.O.B.,  LL.D.,  Sc.D.,  F.il.& 


THURSDAY^  AUGUST  9. 
The  President  delivered  the  following  Address : — 

It  is  not  usual  for  the  President  of  a  Section  of  this  Association  to  think  it  necessary 
to  give  any  explanation  of  the  nature  of  the  subjects  brought  under  its  cognisance, 
or  to  emphasise  their  importance  among  other  branches  of  study ;  but  so  general 
is  the  ignorance,  or  at  all  events  vagueness  of  information,  among  otherwise  well- 
instructed  persons,  that  1  will  ask  vour  permission  to  devote  the  short  time  accorded 
to  me  before  the  actual  work  of  the  Section  begins  to  giving  some  account  of  the 
history  and  present  position  of  the  study  of  Anthropology  in  this  country,  and 
especially  to  indicate  what  this  Association  has  done  in  the  past,  and  is  still  doing, 
to  promote  it. 

It  is  only  ten  years  since  the  Section  in  which  we  are  now  taking  part  acquired 
a  definite  and  assured  position  in  the  organisation  of  the  Association.  The 
subject,  of  course,  existed  long  before  that  time,  and  was  also  reco^ised  by 
the  Association,  though  with  singular  vicissitudes  of  fortune  and  position.  It 
first  appeared  officially  in  1846,  when  the '  Ethnological  sub-Section  of  Section  D  * 
(then  called  < Zoology  and  Botany')  was  constituted.  This  lasted  till  1851, 
when  Geography  parted  company  from  Geology,  with  which  it  had  been  previously 
associated  in  Section  C,  and  became  Section  £,  under  the  title  of  ^  Gkography  and 
Ethnology.'  In  1866  Section  D  changed  its  name  to  '  Biolojn^,'  with  Ph^rsiology 
and  Anthropology  (the  first  occurrence  of  this  word  in  our  official  proceedings)  as 
separate  '  Departments ; '  but  the  latter  does  not  seem  to  have  regained  its  definite 
footing  as  a  branch  of  Biological  Science  until  three  years  later  (1869),  when 
Section  E,  dropping  Ethnology  from  its  title,  henceforward  became  Geography 
alone.  The  Department  for  tne  first  two  years  (1869  and  1870)  was  conducted 
under  the  title  of  Ethnology,  but  in  1871  it  resumed  the  name  of  Anthropology, 
given  it  in  1866,  and  it  flourished  to  such  an  extent,  attracting  so  many 
papers  and  such  large  audiences,  that  it  was  finally  constituted  into  a  distinct 
Section,  to  which  the  letter  H  was  assigned,  and  which  had  its  first  session  at 
the  memorable  meeting  at  Montreal,  exactly  ten  years  ago,  under  the  fitting  and 
auspicious  presidency  of  Dr.  E.  B.  Tylor. 

The  histoij  of  the  gradual  recognition  of  Anthropology  as  a  distinct  subject 
by  this  Association  is  an  epitome  of  the  history  of  its  ^adual  growth,  and  the 
gradual  reco^ition  of  its  position  among  ether  sciences  in  the  world  at  large,  a 
process  still  m  operation  and  still  far  from  complete.  Although  the  word  Antlm>- 
pology  had  certainly  existed,  but  used  in  a  difierent  sense,  it  was  not  till  well 
mto  the  middle  of  the  present  century  that  it,  or  any  other  word,  had  been 
thought  of  to  designate  collectively  the  scattered  fragments  of  various  kinds  of 
knowledge  bearing  upon  the  natural  history  of  man,  which  were  beginning  to  he 
collected  from  so  manv  diverse  sources.  Indeed,  as  I  have  once  before  upon  a 
similar  occasion  remarked,  one  of  the  great  diJfficulties  with  regard  to  maiong^ 
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Anthropolo^  a  special  subject  of  stndy,  and  devotinff  a  special  organisation  to  its 
promotion,  is  the  multifarious  nature  of  the  knowledge  comprehended  imder  the 
title.  This  Tery  ambition^  which  endeavours  to  include  such  an  extensive  range 
of  subjects,  ramifying  in  all  directions,  illustrating  and  receiving  light  from  so 
many  other  sciences,  appears  often  to  overleap  itself,  and  give  a  looseness  and 
indetiniteness  to  the  aims  of  the  individual  or  the  institution  proposing  to  cultivate 
it.  The  old  term  Ethnology,  or  the  study  of  peoples  or  races,  has  a  limited  and 
definite  meaning.  It  treats  of  the  resemblances  and  modifications  of  the  different 
groups  of  the  human  species  in  their  relations  to  each  other,  but  Anthropology,  as 
now  understood,  has  a  far  wider  scope.  It  treats  of  mankind  as  a  whole.  It 
investigates  his  origin  and  his  relations  to  the  rest  of  the  universe.  It  invokes  the 
aid  of  me  sciences  of  zoology,  comparative  anatomy  and  physiology,  in  its  attempts 
to  estimate  the  distinctions  and  resemblances  between  man  and  his  nearest  allies^ 
and  in  fixing  his  place  in  the  scale  of  living  beingd.  In  endeavouring  to  inves- 
tigate the  origin  and  antiquity  of  man,  geology  must  lend  its  assistance  to 
determine  the  comparative  ages  of  the  strata  in  which  the  evidences  of  his  exist- 
ence are  found,  and  researches  into  his  early  history  soon  trench  upon  totally 
different  branches  of  knowledge.  In  tracing  the  pro^ss  of  the  race  from  its 
most  primitive  condition,  the  characteristics  of  its  physical  structure  and  relations 
with  the  lower  animals  are  soon  left  behind,  and  it  is  upon  evidence  of  a  kind 
peculiar  to  the  human  species,  and  by  which  man  is  so  pre-eminently  distinguished 
from  all  other  living  beings,  that  our  conclusions  mainly  rest.  The  study  of  the 
works  of  our  earliest  known  forefathers — 'prehistoric  archceology'  as  it  is 
commonly  called — is  now  almost  a  science  by  itself.  It  investigates  the  origin  of 
all  human  culture,  endeavours  to  trace  to  their  common  beginning  the  sources  of 
our  arts,  customs,  and  history.  The  difficulty  is,  what  to  uiclude  and  where  to 
stop;  as,  though  the  term  prehistoric  may  roughly  indicate  an  artificial  line 
between  the  province  of  the  anthropologist  and  that  which  more  legitimately 
belongs  to  the  archaeologist,  the  antiquary,  and  the  historian,  it  is  perfectly  evident 
that  the  studies  of  the  one  pass  insensibly  into  those  of  the  others.  Knowledge  of 
the  origin  and  development  of  particular  existing  customs  throws  immense  light  upon 
their  real  nature  and  importance  j  and  conversely,  it  is  often  only  from  a  profound 
acquaintance  with  the  present  or  comparatively  modem  manifestations  of  culture 
that  we  are  able  to  interpret  the  slight  indications  afi'orded  us  by  the  scanty 
remains  of  primitive  civilisation. 

It  is  considerations  such  as  these  that  have  caused  the  gradual  introduction  of 
the  term  Anthropology  as  a  substitute  for  Ethnology  which  I  have  traced  in  the 
history  of  this  Association,  and  which  is  seen  in  other  organisations  for  the  cul- 
tivation of  our  science. 

The  first  general  association  for  the  study  of  man  in  this  country  was  founded 
in  1843,  under  the  name  of  the  'Ethnological  Society'  (three  years,  therefore, 
before  the  Ethnological  sub-Section  of  Section  D  of  this  Association).  It  did  ex- 
cellent work  for  many  years  under  that  title,  but  partly  from  personal  considerations, 
and  partly  from  a  desire  to  undertake  a  wider  and  somewhat  different  field  of 
research,  another  and  in  some  senses  a  rival  society,  which  adopted  the  name  of 
'  Anthropological,*  was  founded  in  18G3.  For  some  years  these  existed  side  by  side, 
each  representing  in  its  most  active  supporters  different  schools  of  the  science. 
This  arrangement  naturally  involved  a  waste  of  strength,  and  it  was  felt  that  the 
interests  of  the  subject  would  be  promoted  by  an  amalgamation  of  the  two 
societies.  Many  difficulties,  chiefly,  as  is  usual  in  such  cases,  of  a  personal  nature, 
had  to  be  overcome,  one  of  the  principal  being  the  selection  of  a  name  for  the 
united  society.  It  was  generally  felt  that  'Anthropological'  would  be  most 
appropriate,  but  the  members  of  the  old  Ethnolo^cal  Society  could  not  bring  them- 
selves absolutely  to  sink  the  fact  of  their  priority  of  existence,  and  all  that  they 
had  done  for  science  for  so  many  years,  by  merging  their  society  into  that  of  their 
younger  and  active  rivals ;  so  after  much  discussion  a  compromise  was  effected,  and 
the  new  organisation  which  arose  from  the  coalescence  of  the  two  societies  adopted 
the  rather  cumbrous  title  of  'Anthropological  Institute  of  Great  Britain  and 
,  Ireland.'    TJbis  was  in  1871,  and  since  that  period,  the  Society,  as  it  is  to  all 
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InteDts  and  purposes  botli  in  structure  and  function,  has  pursued  a  peaceful  and 
useful  course  of  existence,  holding  meetings  at  stated  periods  throughout  the  session, 
At  which  papers  are  read  and  suhjects  of  interest  to  anthropologists  exhibited  and 
discussed.  It  has  also  published  a  quarterly  journal,  which  has  been  the  principal 
means  in  this  country  of  communicating  new  information  upon  such  subjects.  The 
Institute  has  for  twenty-three  years  performed  this  duty  in  a  business-like  and 
unostentatious  manner,  the  only  remarkable  circumstance  connected  with  its  history 
being  the  singular  want  of  interest  taken  by  the  outside  world  in  its  proceedings, 
•considering  their  intrinsic  importance  to  society,  especially  in  an  empire  like  ours, 
which  more  than  any  other  affords  a  field  for  the  stuay  of  man,  under  almost 
-every  aspect  of  diversity  of  race,  climate,  and  culture.  At  the  present  time  it 
numbers  only  305  ordinary  members,  whose  subscriptions  afford  barely  sufficient 
means  to  mamtun  the  library  and  journal  in  a  state  of  efficiency.  The  kindred 
Geographical  and  Zoological  Societies  have  respectively  8,775  and  2,085  fellows, 
«o  far  greater  is  the  interest  taken  in  the  surface  of  the  earth  itself,  and  in  the 
Animals  which  dwell  upon  it,  than  in  its  human  inhabitants ! 

Societies  similar  in  their  object  to  that  the  history  of  which  I  have  just 
sketched  have  sprung  up,  and  are  now  in  a  more  or  less  flourishing  condition,  in 
every  civilised  country  of  the  world.  But  confining  our  retrospect  to  our  own 
country,  wo  may  take  a  glance  at  what  has  been  done  in  recent  years  to  promote 
the  organised  study  of  Anthropology  otherwise  than  by  means  of  this  Association 
(to  which  I  shall  refer  again  later)  or  the  Society  of  which  I  have  just  spoken. 

One  of  the  most  potent  means  of  registering  facts,  and  making  them  available 
for  future  study  and  reference,  is  to  be  found  in  actual  collections  of  tangible 
objects.  To  very  considerable  branches  of  anthropological  science  this  method  of 
fixing  the  evidence  upon  which  our  knowledge  of  the  subject  is  based  is  particu- 
larly applicable.  These  branches  are  mainly  two,  veiy  distinct  from  each  other, 
and  each  representing  one  of  the  principal  sides  in  which  Anthropology  presents 
Itself. 

I.  Collections  illustrating  the  physical  structure  of  man^  and  its  variations  in 
the  different  races. 

II.  Collections  showing  his  characteristic  customs  and  methods  of  living,  his 
arts,  arms  and  costumes,  as  developed  under  different  circumstances  and  also 
modified  by  different  racial  conditions. 

It  is  very  rarely  that  these  two  are  combined  in  one  ^neral  arrangement,  and 
they  are  almost  always  studied  apart,  the  characteristics  of  mind,  the  general 
education  and  spedal  training  which  are  required  for  the  successful  cultivation  of 
either  being  rarely  combined  in  a  single  individual ;  and  yet  the  complete  history  of 
any  race  of  mankind,  especially  with  regard  to  its  relation  to  other  races,  must  be 
based  upon  a  knowledge  both  of  its  physical  and  psychical  characteristics,  and 
-customs,  habits,  language,  and  tradition  largely  help,  when  anatomical  charac^is 
fail  to  separate  and  define.  ^ 

The  anthropological  museums  of  this  country,  as  well  as  elsewhere,  arf.^all  of 
Tecent  growth,  and  they  are  making  progress  everywhere  with  steadily  acceloCgnting 
speed.  This  cannot  be  better  illustrated  than  in  the  place  where  we  are  I  at  the 
present  time.  Many  of  those  who  are  now  in  this  room  can  remember  ^  df^en  the 
materials  for  the  study  of  either  branch  of  the  subject  in  Oxford  were  ^sea^^jeolutely 
non-existent.  I  can  myself  recall  the  time  when  the  site  of  the  handsor  fit^g  buildink 
^hich  now  houses  the  scientific  treasures  of  the  University  was  a  barf  (jgid.  Au 
'who  know  the  modem  history  of  Oxford  must  be  aware  that  it  was  ^tin<^^^jj]y  owing 
to  the  enthu^astic  zeal  and  steady  perseverance  in  the  cause  of  sciqprowt^^^^  education 
of  one  who  is  happily  still  amon^  us,  the  veteran  Regius  Profes/orld  ■  ^f  Mefici^®* 
Sir  Hemy  Acland,  that  that  building  was  erected.  The  poss  the  ^\^  of  a  ^^ 
selected  and  representative  collection  illustrating  the  anatomict  was  f  ^SL^ters  of  the 
"human  species  is  chiefly  owing  to  the  energetic  labours  of  cher  wf^^'T^iiAiiesti 


uuuiau  species  IS  chiefly  owing  to  the  energetic  labours  of  cher  ^^  f^r  BoHtfton, 
-one  of  the  brightest  and  noblest  of  Oxford's  sons,  a  man  of  is  of  v/  ^  j^jjinot ipeik 
without  feelings  of  the  strongest  affection  and  most  pro:  were  l^bon  ^^^  ^^^  j^ 
antimely  loss  to  the  University  and  the  world.  '•o  oncrfound  wpj 

The   collection  iUustrating  the  arts  and  customs  of 
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UniTersity  owes  to  the  ioffenuity  and  muDifioence  of  General  Pitt-RiyerSy  who  not 
only  provided  the  materifd  on  which  it  is  based,  but  also  the  original  and  unique 
scheme  of  arrangement,  which  adds  so  greatly  to  its  value  as  a  means  of  education^ 
and  is  so  admirably  calculated  to  awaken  an  interest  in  the  subject,  even  in  the 
minds  of  the  most  superficial  visitor.  In  speaking  thus  of  the  method  of  displaying* 
the  Pitt-Kivers  collection,  I  must  not  be  supposed  to  imply  any  disparagement 
of  others  arranged  on  different  plana.  Providnl  there  is  a  definite  and  consistent 
airangement  of  some  sort,  it  is  well  that  there  should  be  a  diversity  in  the  treat* 
ment  of  different  collections,  and  for  such  a  vast  and  exhaustive  collection  as  that 
imder  the  care  of  Sir  Wollaston  Franks,  at  the  British  Museum,  the  geographical 
system  which  has  been  adopted  is  certainly  the  best.  In  it  every  specimen  of 
whatever  nature  at  once  finds  a  place,  in  which  it  can  at  any  time  be  discovered 
and  recognised. 

In  referring  to  our  great  national  collection,  I  cannot  refrain  from  saying  that 
there  seemed  till  lately  to  be  only  one  element  wanting  to  make  it  all  that  could 
be  desired,  and  that  was  space,  not  only  for  the  proper  preservation  and  exhibition 
of  what  it  already  contains,  but  also  for  its  inevitable  future  expansion.  The  pro- 
vision in  this  respect  was  totally  inadequate  to  do  justice  to  the  importance  of  the 
subject.  Happilv  this  consideration  will  be  no  longer  a  bar  to  the  development  of 
the  collection.  The  provident  action  of  the  authorities  of  the  Museum,  aided  by 
the  liberality  of  the  Duke  of  Bedford  and  the  wisdom  of  Her  Majesty's  Government^ 
has  secured  for  many  years  to  come  the  necessary  room  for  the  expansion  of  the 
grandest  of  our  national  institutions. 

More  modern  even  than  museums  has  been  the  introduction  of  any  systematic 
teaching  of  Anthropology  into  this  country.  This  is  certainly  most  remarkable, 
considering  that  there  is  no  nation  to  which  the  subject  is  of  such  c^reat  importance. 
Its  importance  to  those  who  have  to  rule-^and  there  are  few  ot  us  now  who  are 
not  called  upon  to  bear  our  share  of  the  responsibilities  of  government — can 
scarcely  be  overestimated  in  an  empire  like  this,  the  population  of  which,  as  I 
have  just  said,  is  composed  of  examples  of  almost  every  diversity  under  which  the 
human  body  and  mind  can  manifest  itself.  The  physical  characteristics  of  race,  so 
strongly  marked  in  many  cases,  are  probably  always  associated  with  equally  or  more 
diverse  characteristics  of  temper  and  intellect.  In  fact,  even  when  the  physical 
divergences  are  weakly  shown,  as  in  the  different  races  which  contribute  to  make 
up  the  home  portion  of  the  Emnire,  the  mental  and  moral  characteristics  are  still 
most  strongly  marked.  As  the  wise  physician  will  not  only  study  the  par- 
ticular kind  of  disease  under  which  his  patient  is  suffering  before  administering 
the  approved  remedies  for  such  disease,  but  will  also  take  into  careful  account  the 
peculiar  idiosyncrasy  and  inherited  tendencies  of  the  individual,  which  so  greatly 
modify  both  the  course  of  the  disease  and  the  action  of  remedies,  so  it  is  absolutely 
necessary  for  the  statesman  who  would  govern  successfully,  not  to  look  upon 
human  nature  in  the  abstract  and  endeavour  to  apply  universal  rules,  but  to  con- 
sider the  special  moral,  intellectual,  and  social  capabilities,  wants,  and  aspirations 
of  each  particular  race  with  which  he  has  to  deal.  A  form  of  government  under 
which  one  race  would  live  happily  and  prosperously  may  to  another  be  the  cause 
of  unendurable  misery.  All  tnese  questions,  then,  should  be  carefully  studied  by 
those  who  have  any  share  in  the  ^vemment  of  people  belonging  to  races  alien  to 
themselves.  A  knowledge  of  their  special  characters  and  relations  to  one  another 
has  a  more  practical  object  than  the  mere  satisfaction  of  scientific  curiosity ;  it  is  & 
knowledge  upod  which  the  hapniness  and  prosperity  or  the  reverse  of  tLillions  of 
our  fellow-creattacff  ir^ay  depend.  The  ignorance  often  shown  upon  these  subjects^ 
even  in  so  select  an  assemhly  as  the  House  of  Commons,  would  be  ludicrous  if 
it  were  not  liable  to  lead  to  disastrous  results. 

Now  let  us  consider  what,  amid  all  the  complex,  diverse,  and  costly  machinery 
of  education  in  this  country,  is  being  done  to  satisfy  the  demands  for  such  know- 
ledge* We  may  si^  at  once,  as  regards  all  institutions  for  primary  and  secondary 
education,  abeolutdly  nothing.  The  inhabitants  of  the  various  regions  of  our  own 
earth  are  treated  with  no  more  consideration  and  interest  in  all  such  institutions 
than  if  they  lived/on  the  moon  or  the  planets.    We  must  turn  straight  to  tho 
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^igher  intellectual  centres  in  the  hope  of  finding  any  anthropological  teaching. 
'Here,  at  Oxford,  if  anywhere,  we  may  expect  to  find  it,  and  here,  first  among  the 
British  Universities,  have  we  seen,  since  the  year  1833,  among  the  list  of  the  sub- 
jects taught  the  word  '  A.nthropology ;  *  but  the  teacher,  though  one  of  the  most 
learned  of  men  in  the  subject  the  country  has  produced,  ntill  only  bears  the  modest 
title  of  *  Reader.'  A  professorship  of  Anthropblogy  does  not  exist  at  present  in  the 
British  Isles,  and  even  here  the  subject,  though  recognised  as  a  'special/ offers  little 
field  for  distinction  in  the  examinations  for  degrees,  and  has  therefore  never  been 
taken  up  in  a  thorough  manner  by  students.  Dr.  Tylor's  lectures  must,  however, 
have  done  much  to  have  spread  an  intelligent  interest  in  some  branches  of  Anthro- 
pology, and  have  proved  a  valuable  complement  to  the  Pitt-Eivers  collection,  as 
have  also  the  courses  which  have  been  given  by  Mr.  Henry  Balfour  upon  the  arts 
of  mankind  and  their  evolution,  one  of  which  I  am  glad  to  see  is  announced  among 
the  advantages  offered  to  the  University  Extension  students  at  present  with  us. 
Physical  Anthropology  has  also  been  taken  up  by  Professor  A.  Thomson,  who, 
I  understand,  gives  iustructive  lectures  upon  it,  open  to  the  members  of  his  class  of 
human  anatomy.  At  the  opposite  end  almost  of  the  subject  must  be  mentioned 
the  extension  and  organisation  of  the  Ashmolean  Museum  under  the  care  of  I^. 
Arthur  J.  Evans,  which  has  a  bearing  upon  some  branches  of  Anthropology,  and 
the  foundation  of  the  Indian  Institute  under  the  auspices  of  Sir  Momer  Monier- 
Williams,  which  must  pve  an  impetus  to  the  study  of  the  characteristics  of  the 
races  of  our  great  Em]pire  in  the  East.  Last,  but  by  no  means  least  in  its  bearing 
upon  the  origin,  divisions,  and  diffusion  of  races,  is  the  world-famous  linguistic 
work  of  Professor  Max  Miiller  and  Professor  Sayce,  both  of  whom  have  presided 
over  this  Section  at  former  meetings  of  the  Association. 

Of  the  sister  University  I  wrote  thus  in  1884 :  '  In  Cambridge  there  are  many 
hopeful  signs.  The  recently  appointed  Professor  of  Anatomy,  Dr.  Macalister,  is 
known  to  have  paid  much  attention  to  Anatomical  Anthropology,  and  has  already 
intimated  that  he  proposes  to  give  instruction  in  it  during  the  summer  term.  An 
Ethnological  and  Archaeological  Museum  is  also  in  progress  of  formation,  which,  if 
not  destined  to  rival  that  of  Oxford,  already  contains  many  objects  of  great  value, 
and  a  guarantee  of  its  good  preservation  and  arrangement  may  be  looked  for  in  the 
appointment  of  Bai*on  Anatole  von  Iliigel  as  its  first  curator.^ 

Ten  years  have  pa.«sed,  and  it  is  satisfactory  to  know  that  the  teaching  of 
Anthropology  has  not  only  been  fairly  established,  but  the  subject  has  also  found  a 
place  in  the  scheme  of  University  examination.  The  learned  Professor  of  Human 
Anatomy  continues  to  take  a  wide  view  of  his  functions,  giving  a  course  during 
the  Easter  term  on  the  methods  of  Physical  Anthropology,  and  also  museum 
demonstrations  on  craniometry  and  osteometry,  by  the  aid  of  a  greatly  increased 
and  continually  augmenting  collection  of  specimens.  'J'hose  students  who  take 
anatomy  as  their  subject  for  the  second  part  of  the  Natural  Science  Tripos  have 
both  paper  work  and  practical  examination  in  Anthropology,  each  man  having  a 
skull  placed  in  his  hands  of  which  he  is  expected  to  make  a  complete  diagnostic 
description.  For  the  first  part  of  the  tripos  each  candidate  has  one  or  more  questions 
on  the  broad  general  principles  of  the  subject.  IVofesi^or  Macalister  informs  me  that 
he  has  always  at  least  six  men  who  go  through  a  very  thorough  practical  course 
with  their  own  hands.  There  has  also  lately  been  established  a  course  of  lectures 
on  the  Natural  History  of  the  Races  of  Man,  delivered  during  the i  Michaelmas  and 
Lent  terms  by  Dr.  Hickson,  of  Downing  College,  and  Baron  von  Hiigel  gives  a 
course  of  museum  demonstrations  on  the  weapons,  omaments^d' other  objects  in 
the  Ethnological  Museum,  which  is  open  to  all  students,  an<^of  ^hich  many  take 
advantage.  * 

In  London,  owing  to  the  chaotic  condition  of  all  forms  V)f  higher  instruction, 
M-hich  has  been  brought  so  prominently  into  notice  by  the  universal  demand  for  a 
teaching  University  (an  aspiration  which  the  labours  of  theXlate  Gresham  Com* 
niission  certainly  seem  to  nave  brought  nearer  to  realisation  \  than  ever  appeared 
possible  before),  all  systematic  anthropological  teaching  has  been  entirely  neglected. 
*]'he  great  collections  to  which  I  have  already  aUuded,  that  of  ffirts  and  customs  at 
the  British  Museum,  and  that  of  dsteological  specimens  at  th^  Boyal  Gollege  of 
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Surgeons,  have  by  thdr  steady  augmentation  done  valuable  service  in  preserring 
a  vast  quantity  of  material  for  future  investigation  and  instruction,  and  students 
have  at  present  all  reasonable  facilities  for  pursuing  their  own  researches  in 
them.  Lectures  have  never  formed  any  part  of  the  ofHcial  programme  of  the 
British  Museum,  but  at  the  College  of  Sui^ons  it  is  otherwise,  and  though  the 
contents  of  the  collections  are  specially  indicated  as  the  subject  on  which  they 
should  be  delivered,  for  the  last  ten  years  at  least,  Anthropology,  notwithstanding 
the  magnificent  material  at  hand  for  its  illustration,  has  had  no  place  in  the  annuu 
syllabus.  It  is  also  entirely  ignored  in  the  examination  scheme  of  the  University 
of  London,  an  institution  which  prides  itself  as  being  on  a  level  with  modern  educa- 
tional requirements ;  and  the  managers  of  the  new  imperial  Institute,  casting  about 
in  all  directions  for  some  worthy  obiect  to  occupy  their  energies  and  their  spacious 
buildings,  do  not  appear  to  have  taken  into  serious  consideration  the  value  to  the 
world  and  the  appropriateness  to  their  original  design  of  a  great  central  school  of 
Anthropolo^,  irom  which  might  emanate  a  full  and  satisfying  knowledge  of  the 
characteristics  of  all  the  various  races  of  which  the  Empire  is  composed. 

In  Scotland  the  recent  Universities  Commission  has  recognised  Physical 
Anthropology  as  a  branch  of  human  anatomy  in  their  scheme  for  graduation  in 
pure  science,  the  examination  on  this  subject  embracing  a  knowledge  of  race 
characters  as  found  in  the  skull  and  other  parts  of  the  skeleton,  in  the  skin,  eyes, 
hair,  features,  and  the  external  configuration  of  the  body  generally;  the  methods 
of  anthropometrical  measurement,  both  of  the  living  body  and  the  skeleton ;  the 
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tions  came  into  operation  in  the  University  of  Edinburgh  in  1892,  and  in  accordance 
with  them  Professor  Sir  William  Turner  delivers  a  special  course  of  twenty-five 
lectures  on  Physical  Anthropologr,  and  in  addition  ten  practical  demonstrations  on 
osteometry.  The  museum  under  laa  charge  has  greatly  increased  of  late  in  number 
and  value  of  the  specimens.  But  *  Human  Anatomy,  including  Anthropology,'  being 
only  one  of  a  series  of  nine  subjects  in  any  three  or  more  of  which  a  final  science 
examination  on  a  higher  standard  has  to  be  passed,  there  is  not  at  present  any 
considerable  number  of  students  who  take  it  up,  and  the  other  Scotch  Universities 
have  not  yet  thought  it  necessary  to  establish  distinct  courses  of  Physical  Anthro- 
pology, although  it  is  becoming  more  and  more  a  regular  part  of  the  anatomical 
teaching  to  advanced  students. 

For  the  following  account  of  what  is  being  done  to  further  the  knowledge  of 
our  subject  in  the  sister  isle  I  am  indebted  to  Professor  D.  J.  Cunningham.  The 
only  place  in  Ireland  where  anthropological  work  is  done  is  Trinity  College.  For 
many  years  those  in  charge  of  the  museum  have  been  collecting  skulls,  and  they 
were  fortunate  in  obtaining  the  greater  part  of  Sir  William  wilde's  coUection. 
To  these  great  additions  have  been  recently  made,  principally  in  the  form  of  Irish 
crania  from  different  districts.  All  the  anthropological  specimens  are  lodged  in 
one  large  room,  which  is  also  used  as  an  anthropometric  laboratory.  Though  there 
has  never  been  any  systematic  teaching  of  Anthropology  in  Trinity  College,  Dr. 
C.  R.  Browne  (Professor  Cunningham's  able  assistant),  who  takes  charge  of  the 
laboratory,  attends  for  two  hours  on  three  days  a  week,  and  gives  demonstrations 
in  anthropological  methods  to  any  students  who  are  interested  in  the  subject. 
The  laboratory  was  opened  in  June  1891,  the  instruments  being  provided  by  a 
grant  from  the  Royal  Irish  Academy,  and  about  600  individuals  have  already  been 
measured,  the  greater  number  of  them  students  of  the  College.  This  is,  however, 
only  part  of  the  work  carried  out  by  the  laboratory.  Every  year  the  instruments 
are  taken  to  some  selected  district  in  Ireland,  and  a  systematic  study  of  the 
inhabitants  is  made.    1  he  Aran  Islands,  and  also  the  islands  of  Inishbofiin  and 


Inishshark,  have  been  already  worked  out,  and  this  year  excursions  are  organised 
to  Kerry,  to  a  district  in  Wicklow,  and^to  another  in  the  West  of  Ireland,    The 
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Academy  makes  yearly  grants  to  the  Committee  for  carrying  on  this  work,  the 
results  of  which  have  been  published  in  admirable  memoirs  by  Professor  A.  C. 
Haddon  and  Dr.  C.  R.  Browne.    The  Science  end  Art  Museum  in  Dublin,  uuder 
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the  direction  of  Dr.  V.  Ball,  contains  a  small  collection,  arranged  with  a  view  to 
general  instructioD,  showing  hj  means  of  skulls  and  casts  the  physical  character- 
istics of  the  different  races  of  man,  those  of  each  race  heing  explained  hy  a  short 
printed  label,  and  its  range  shown  on  a  map. 

Though  the  development  of  anthropological  science  has  thus  not  been  greatly 
advanced,  in  this  country  at  least,  by  means  of  endowments,  or  by  aid  of  the 
State  or,  till  very  recently,  by  our  great  scholastic  institutions,  but  has  been  mainly 
left  to  the  unorganised  efforts  of  amateurs  of  the  subject,  its  progress  in  recent 
years  has  been  undeniably  great.  I  will  give  an  instance  of  the  strides  that  have 
Deen  made  in  one  of  its  most  important  branches. 

Physical  or  Anatomical  Anthropology,  or  the  study  of  the  modifications  of  the 
human  body  under  its  various  aspects,  the  modifications  dependent  upon  sex  and 
age,  the  modifications  dependent  upon  race,  and  those  dependent  upon  individual 
variability,  studied  not  many  years  ago  in  a  vague  and  loose  manner,  has  gradually 
submitted  to  a  rigorous  and,  therefore,  strictly  scientific  method  of  treatment. 
The  generalities  which  were  formerly  used  to  express  the  differences  that  were 
recognised  between  the  various  subjects  compared  with  each  other  have  been 
replaced  by  terms  conveyed  in  almost  mathematical  precision.  No  one  acquainted 
with  the  histoiy  of  the  development  of  this  branch  of  Anthropology  can  fail  to 
recognise  how  much  it  was  accelerated  by  the  genius  of  Broca,  and  the  school 
which  he  established  in  France,  although  all  cultivated  nations  are  now  vying 
with  each  other  in  the  practice  of  exactitude  in  anthropological  research,  and  the 
time  seems  rapidly  approaching  when  a  common  agreement  will  be  arrived  at,  by 
which  all  the  observations  which  ma^  be  made,  under  whatever  diverse  circum* 
stances,  and  by  whatever  different  individuals,  will  be  available  for  comparison  one 
with  another. 

This  branch  of  our  science  has  received  the  name  of  'Anthropometry.^ 
Although,  as  the  name  implies,  measurement  is  one  of  its  principal  features,*it 
includes  such  other  methods  of  comparison  as  can  be  reduced  to  a  defimte 
standard,  or  to  which  definite  tests  can  be  applied,  such  as  the  colour  of  the 
hair,  eyes,  and  complexion,  the  form  of  the  ear  and  nose.  The  great  desiderata 
that  have  been  sought  for,  and  gradually  attained,  in  measuring  either  the 
skeleton  or  the  living  person  have  been  two  in  number :  1.  Exact  definition  of 
the  points  between  which  the  measurements  should  be  taken.  2.  Exact  methods 
and  instruments  of  measurement.  In  both  these  cases  the  object  looked  for  hae 
been  not  only  that  the  measurements  taken  bv  the  same  observer  at  different 
times  and  under  different  circumstances  should  coincide,  but  also  that  those 
taken  by  different  observers  should  be  comparable.  These  requirements  seem  so 
simple  and  natural  at  first  siffht  that  the  majority  of  persons  whom  I  am 
addressing  will  wonder  that  1  should  allude  to  them.  Onlv  those  who  are 
seriously  occupied,  or  perhaps  1  should  rather  say,  only  those  who  were  seriously 
occupied  a  few  years  ago,  with  the  endeavour  to  solve  these  problems  can  have 
any  idea  of  their  difficulty.  The  amount  of  time  and  labour  that  nas  been  spent  upon 
them  is  enormous,  but  the  result  has,  I  think,  been  quite  commensurate  with  it. 

We  have  attained  at  last  to  methods  of  measurement  and  standards  of  com- 
parison which,  in  the  hands  of  persons  of  ordinary  intelligence,  and  with  a 
moderate  amount  of  training,  will  give  data  which  may  be  absolutely  depended 
upon.  From  these  we  hope  to  be  able  to  formulate  accurate  information  as  to 
the  physical  conformation  of  all  the  groups  into  which  mankind  is  divided,  and 
so  gradually  to  arrive  at  a  natural  classification  of  those  groups,  and  a  knowledge 
of  their  affinities  one  to  another. 

But  the  exact  methods  of  modem  Anthropometry  are  not  only  important  oil 
account  of  the  aid  they  give  in  studving  the  race  characteristics  of  man.  As  has 
so  often  happened  when  acientific  observation  has  been  primarily  carried  out  for 
its  own  sake,  it  ultimately  leads  to  practical  applications  undreamt  of  by  its  earlier 
cultivators.  The  application  of  Anthropometry  not  to  the  comparison  of  races 
but  to  elucidate  various  social  problems — as  the  laws  of  growth,  of  heredity,  of 
ccmparaiive  capacities  of  individuals  within  a  community,  and  the  effects  of 
different  kinds  of  education  and  occupation,  as  worked  out  first  by  Quetelet  in 
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Belgium,  and  subflequentlj  by  Francis  Galton,  Roberta,  and  others  in  ithis 
country — and  its  still  more  concrete  application  as  an  aid  in  administering  justice! 
by  methods  perfected  by  Bertillon  in  France,  are  striking  illustrations  of  tha 
practical  utility  of  labours  originally  undertaken  under  the  influence  of  devotion  to 
science  pure  and  simple. 

The  importance  of  being  able  to  determine  the  identity  of  an  individual  under 
whatever  circumstances  of  disguise  he  may  be  presented  for  examination  has,  of 
course,  long  been  apparent  to  all  who  have  had  anything  tu  do  with  the  adminis- 
tration of  the  criminal  law,  and  rough  and  ready  methods  of  recognition,  de- 
pending mainly  upon  the  more  or  less  acute  faculty  of  perception  and  recollection 
of  differences  and  resemblances,  possessed  by  the  persons  upon  whom  the  duty  of 
identification  has  devolved,  have  long  been  in  operation.  The  general  conforma^- 
tion,  height,  fonn  of  features,  and  colour  of  complexion,  hair,  and  eyes,  have  hiao. 
been  noted.  Much  additional  assistance  has  been  obtained  by  the  registration  of 
definite  physical  characteristics,  the  results  either  of  natural  conformation,  or  of 
ixyury,  such  as  mutilations,  tattoo-marks,  and  scars,  inflicted  by  accident  or  design. 
The  application  of  one  of  the  most  important  scientific  discoveries  of  the  age, 
photography,  was  eagerly  seized  upon  as  a  remedy  for  the  difficulties  hitherto 
met  with  m  tracing  personal  identity,  and  enormous  numbers  of  photographs 
were  taken  of  persons,  the  peculiarities  of  whose  career  led  them  to  ndl  into  the 
hands  of  the  police,  and  who  were  likely  to  be  wanted  again  on  some  future 
occasion.  No  aoubt  much  help  has  been  derived  from  this  source,  but  also  much 
embarrassment.  Even  among  photographic  portraits  of  one's  own  personal 
friends,  taken  under  most  favourable  circumstances,  and  with  no  intention  of 
deception,  we  cannot  often  help  exclaiming  how  unlike  they  are  to  the  person 
represented.  With  portraits  of  criminals,  the  varying  expression  of  the  face, 
changes  in  the  mode  of  wearing  the  hair  and  beard,  diflerenoes  of  costume,  tiie 
effects  of  a  long  lapse  of  time,  years  perhaps  passed  in  degradation  and  misery, 
may  make  such  alterations  that  recognition  becomes  a  matter  at  least  of  un- 
certainty. That  photographs  are  extremely  valuable  as  aids  to  identification, 
when  their  true  position  in  the  process  is  recognised,  cannot  be  doubted ;  but  as  a 
primary  method  they  have  been  found  to  be  auite  inapi>licable,  owing  partly  to 
the  causes  just  indicated,  but  mainly  to  the  aifl&culty,  if  not  impossibility,  of 
classifying  tnem.  The  enormous  expenditure  of  time  and  trouble  that  must  be 
consumed  in  making  the  comparison  between  any  suspected  person  and  the 
various  portraits  of  the  stock  which  accumulates  in  prison  bureaus  may  be  judged 
of  from  the  fact  that,  in  Paris  alone,  upwards  of  100,000  such  portraits  of  persons 
interesting  to  the  police  have  been  taken  in  a  period  of  ten  years. 

The  primary  desideratum  in  a  system  of  identification  is  a  ready  means  of 
classifying  the  data  upon  which  it  is  based.  To  accomplish  this  is  the  aim  of  the 
Bertilfon  system.  Exact  measurements  are  taken  between  certain  well-knovm 
and  fixed  points  of  the  bony  framework  of  the  body,  which  are  known  not  to 
change  under  different  conditions  of  life.  The  length  and  breadth  of  the  head, 
the  length  of  the  middle  finger,  the  length  of  the  foot,  and  the  length  of  the 
forearm,  are  considered  the  best,  though  others  are  added  for  greater  certainty, 
as  the  height,  span  of  arms,  length  of  ear,  colour  of  eyes,  &c.  All  these  par- 
ticulars of  every  individual  examined  are  recorded  upon  a  card,  and  by  dividing 
each  measurement  into  three  classes,  long,  medium,  and  short,  and  by  classifying 
the  various  combinations  thus  obtained,  the  whole  mass  of  cards,  kept  arranged 
in  drawers  in  the  central  bureau,  is  divided  up  into  groups,  each  containing  a 
comparatively  small  number,  and  therefore  quite  easily  dealt  with.  When  the 
card  of  a  new  prisoner  is  brought  in,  a  few  minutes  suffice  to  eliminate  the 
necessity  of  comparison  with  any  but  one  small  batch,  which  presevts  the  special 
combination.  Tnen  photographs  and  other  means  of  recognition,  as  distinctive 
marks  and  form  of  features,  are  brought  into  play,  and  identification  becomes  a 
matter  of  certainty.  On  the  other  hand,  if  the  combination  of  measurements  upon 
a  new  card  doee  not  coincide  with  any  in  the  classed  collection  in  the  bureau,  it  is 
known  vrith  absolute  certainty  that  the  individual  being  dealt  with  has  never  been 
measured  before. 
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One  of  the  most  fttriking^  results  of  the  introduction  of  this  system  into  France 
has  been  that,  since  it  has  been  brought  fully  into  operation,  a  larppe  proportion  of 
old  offenders,  knowing  that  concealment  is  hopeless,  admit  their  identity  at  onoe, 
and  save  a  world  of  trouble  and  expense  to  the  police  by  ceasing  to  endeavour  to 
conceal  themselves  under  false  names. 

Various  representations  upon  this  subject  have  been  addressed  to  the  Home 
Secretary  of  our  own  Government  during  the  last  few  years,  and  among  others  one 
from  the  Council  of  this  Association,  which  originated  in  a  resolution  of  this 
Section,  adopted  by  the  Qeneral  Committee  at  the  meeting  at  Edinbuigh  in  1892, 
to  this  effect : 

*  That  the  Council  be  requested  to  draw  the  attention  of  Her  Majesty's  Govern-^ 
ment  to  the  Anthropometric  Method  for  the  measurement  of  criminals,  which  is 
successfully  in  operation  in  France,  Austria,  and  other  Continental  countries,  az^ 
which  has  been  lound  effective  in  the  identification  of  habitual  criminals,  and  con<^ 
sequently  in  the  prevention  and  repression  of  crime/ 

In  conseauence  of  these  representations  a  Committee  waa  appointed,  on  Oct.  21, 
1898,  by  Mr.  Asquith,  consisting  of  Mr.  O.  E.  Troup,  of  the  Home  Office, 
Major  Arthur  Grimths,  Inspector  of  Prisons,  and  Mr.  Melville  Leslie  Macnaghten, 
Chief  Constable  in  the  Metropolitan  Police  Force,  with  Mr.  H.  B.  Simpson,  of  the 
Home  Office,  as  secretary,  *to  inquire  (a)  into  the  method  of  registering  and 
identifying  habitual  crimmals  now  in  use  in  England ;  (b)  into  the  "  Anthropo- 
metric ''  system  of  classified  registration  and  identification  in  use  in  IVance  and 
other  countries;  (c)  into  the  suggested  system  of  identification  by  means  of  a 
record  of  finger  marks :  to  report  whether  the  anthropometric  ^stem  or  the 
fingei^mark  system  can  with  advantage  be  adopted  in  England  either  in  sub- 
stitution for  or  to  supplement  the  existing  methods ;  and,  if  so,  what  arrangements 
should  be  adopted  for  putting  them  into  practice,  and  what  rules  should  be  made 
under  Section  8  of  the  Penal  Servitude  Act,  1891,  for  tJie  photographing  and 
measuring  of  prisoners.' 

The  Report  of  this  Committee,  with  minutes  of  evidence  and  appendices,  was 
issued  as  a  Parliamentary  Blue-book  in  March  last,  and  not  onlv  contains  a  lucid 
and  concise  description  of  the  methods  of  identification  already  in  use  in  this 
country,  but  also  most  striking  testimony  from  impartial  but  well-qualified 
persons  to  the  value  of  a  more  scientific  mode  of  dealing  with  the  subject.  No 
pains  seem  to  have  been  spared  to  obtain,  both  by  personal  observation  and  by  the 
examination  of  competent  witnesses,  a  thorough  Imowledge  of  the  advantages  of 
the  Bertillon  system  as  practised  in  France,  and  the  result  has  been  the  recom- 
mendation of  that  system,  with  certain  modifications,  for  adoption  in  this  country, 
with  the  addition  of  the  remarkably  simple,  ingenious,  and  certain  method  of 
personal  identification  first  used  in  India  by  Sir  William  Hersdid,  but  fully 
elaborated  in  this  country  by  Mr.  Francis  Galton,  that  called  the  *  iinger-mark 
system,'  about  which  I  shall  have  a  few  more  words  to  say  presently. 

With  the  concluding  words  of  the  Committee's  Report  I  most  fully  concur : 
'  We  may  confidently  anticipate  that,  if  fairly  tried,  it  will  show  very  satisfactory 
results  within  a  few  years  in  the  metropolis ;  but  the  success  of  its  application  in 
the  country  generally  will  depend  on  the  voluntary  co-operation  of  the  mdependent 
county  and  borough  police  forces.  This,  we  feel  sure,  wUl  not  be  withheld.  When 
the  principles  of  the  system  are  understood  and  its  usefulness  appreciated  we 
believe  it  will  not  only  save  much  time  and  labour  to  the  police  in  tibe  performance 
of  an  important  duty,  but  will  give  them  material  assistance  in  tracing  and  detecting 
the  antecedents  <>i  the  guilty,  and  will  afford,  so  far  as  its  scope  extends,  an 
absolute  safeguard  to  the  innocent.' 

It  is  very  satisfactory  to  be  able  to  add  that  in  the  House  of  Commons  on 
June  26,  in  answer  to  a  question  from  Colonel  Howard  Vincent,  the  Home  Secre- 
tary announced  that  the  recommendations  of  the  Committee  had  been  adopted ; 
and  that,  in  order  to  facilitate  research  into  the  iudicial  antecedents  of  international 
criminals,  the  registers  of  measurements  wouldf  be  kept  on  the  same  plan  as  that 
adopted  with  such  success  in  France,  and  also  in  other  Continental  countries. 

I  have  just  mentioned  the  'finger-mark  system,'  and  of  all  the  various 
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developments  of  Anthropology  in  recent  times  none  appears  to  me  more  interesting 
than  tne  work  done  by  Mr.  Galton  upon  this  subject ;  for  though,  as  indicated 
above,  he  is  not  quite  the  lirst  who  has  looked  into  the  Question  or  shown  its 
practical  application  in  personal  identification,  he  has  carriea  his  work  upon  it  &r 
beyond  that  of  an^  of  his  predecessors,  both  in  its  practical  application  and  into 
regions  of  speculation  imthought  of  by  anyone  else.  Simple  and  insignificant  as 
in  the  eyes  of  all  the  world  are  the  little  rid^  and  farrows  which  mark  the  skin 
of  the  under-surface  of  our  fingers,  exisdng  m  every  man,  woman,  and  child  bom 
into  the  world,  they  have  been  practically  unnoticed  by  everyone  until  Mr.  Galton 
has  shown,  by  a  detailed  and  persevering  study  of  their  peculiarities,  that  they  are 
full  of  significance,  and  amplv  repay  the  pains  and  time  spent  upon  tiidr  study.  It 
is  not  to  be  supposed  that  all  the  Imowledge  that  may  be  obtained  from  a  mmute 
examination  or  them  is  yet  by  any  means  exhausted,  but  they  have  already  given 
important  data  for  the  stud^  of  such  subjects  as  variation  unemected  bv  natural  or 
any  other  known  form  of  selection,  and  the  difficult  problems  of  heredity,  in 
addition  to  their  being  one  of  the  most  valuable  means  hitherto  discovered  of 
fixing  personal  identity. 

As  an  exam})le  of  the  importance  of  some  ready  method  to  prove  identity,  apart 
from  its  application  to  the  detection,  punishment,  and  prevention  of  crime,  to  which 
I  have  already  referred,  I  may  recall  to  your  recollection  that  remarkable  trial 
which  agitated  the  length  and  breadth  of  the  land  rather  more  than  twenty  years 
ago ;  a  trial  which  occupied  so  many  months  of  the  precious  time  of  our  most 
eminent  judges  and  counsel,  and  cost  the  country,  as  well  as  several  innocent 
persons — I  am  a£raid  to  say  how  many — ^thousands  of  pounds,  all  upon  an  issue 
which  might  have  been  settled  in  two  minutes  if  Roger  Tichbome,  before  starting 
on  his  voyage,  had  but  taken  the  trouble  to  imprint  his  thumb  upon  a  piece  of 
blackened  paper.    It  is  wonderful  to  me,  on  reading  again  the  reports  of  the  trial. 


to  see  how  comparatively  little  attention  was  paid  by  counsel,  judge,  or  jury,  to  the 
extremely  different  physical  characteristics  of  the  two  persons  claimed  to  be 
identical,  but  which  were  so  strongly  marked  that  they  ought  to  have  disposed  of 
the  claim,  without  any  hesitation,  at  the  very  opening  of  the  case.  It  was  not 
until  the  102nd  day  of  the  first  trial  that  the  attention  of  the  jury  was  pointedly 
called  to  the  fact  that  it  was  known  that  Sir  Roger  Tichbome  had  been  tattooed  on 
the  left  arm  with  a  cross,  anchor,  and  a  heart,  and  that  the  Claimant  exhibited  no 
such  marks.  When  this  was  dearly  brought  out  and  proved,  the  case  broke  down 
at.  once.  The  second  trial  for  perjury  occupied  the  court  188  days,  the  Lord 
Chief  Justice's  charge  alone  lastmg  eight  days.  The  issues  were,  however,  more 
complex  than  in  the  first  trial,  as  it  was  not  only  necessary  to  prove  that  the 
Claimant  was  not  Tichbome,  but  also  to  show  that  be  was  someone  dse.  I  feel 
convinced  that  at  the  present  time  the  grater  confidence  that  is  reposed  in  iht 
methods  of  Anthropometry  or  close  observance  of  physical  characters,  and  in  the 
persistence  of  such  characters  through  life,  would  have  greatly  simplified  the  whole 
case ;  and  I  would  strongly  recommend  all  who  have  nothing  about  their  lives  they 
think  it  expedient  to  conceal  to  place  themselves  under  the  hands  of  Mr.  Galton, 
or  one  of  ms  now  numerous  disciples,  and  get  an  accurate  and  unimpeachable 
register  of  all  those  characteristics  which  will  make  loes  of  identity  at  any  future 
period  a  sheer  impossibility. 

Partly  with  tma  object  in  view  the  Association  has,  for  several  years  past^ 
during  each  of  its  meetings,  opened,  under  the  superintendence  of  Dr.  Garson,  an 
Anthropometric  Laboratory,  on  the  plan  of  the  admirable  institution  of  the  same 
name  which  has  been  carried  on  in  the  South  Kensington  Museum  since  the 
beginning  of  the  year  1888,  imder  the  direction  and  at  the  sole  cost  of  Mr.  Francis 
Galton,  in  which  up  to  the  present  time  more  than  7,000  complete  sets  of  measure^ 
ments  have  been  made  and  recorded.  The  results  obtained  at  the  British  Assoda- 
tion  meetings  have  been  published  in  the  Annual  Reports  of  the  Association, 
and,  though  on  a  smaller  scale  than  Mr.  Gslton's,  the  operations  of  the  laboratory 
have  been  most  useful  in  diffusing  a  knowledge  of  the  value  of  anthropometric 
work,  and  of  the  methods  by  which  it  is  carried  on. 

For  many  years  an  'Anthropometric'  Committee  of  the  Association,  in  which 
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the  late  Dr.  W.  Farr,  Mr.  F.  Galton,  Mr.  0.  Roberts,  Dr.  Beddoe,  Sir  RawaoD 
Rawson,  and  others,  took  an  active  part,  was  ensaged  in  collecting  statistical 
information  relating  to  the  physical  cnaracterB,  including  stature,  weight,  chest- 
giith,  colour  of  eyes  and  hair,  strength  of  arms,  &c.,  of  the  inhabitants  of  the 
JBritish  Isles ;  and  their  reports,  illustrated  b^  maps  and  diagrams,  were  puUished 
in  the  annual  volume  issued  by  the  Association.  Ttaa  Committee  terminated  ita 
labours  in  1883,  although,  as  was  fully  acknowledged  in  the  condudLog  reportythe 
subject  was  by  no  means  completely  exhausted. 

A  great  and  important  work  which  the  Association  has  now  in  hand,  in  some 
sense  a  continuation  of  that  of  the  Authropometric  Ck)mmittee,  though  wiUi  a 
more  extended  scope  of  operation,  is  the  organisation  of  a  complete  ethnographical 
survey  of  the  United  Kingdom  based  upon  scientific  principles.  In  this  work 
the  Association  has  the  co-operation  of  the  Society  ot  Antiquaries  of  London, 
the  Folk-lore  Society,  the  Dialect  Society,  and  the  Anthropological  Institutew 
Representatives  of  these  different  bodies  have  been  formed  into  a  Committee,  of 
which  Mr.  E.  W.  Brabrook  is  now  chairman.  It  is  proposed  to  record  in  a 
systematic  and  uniform  character  for  certain  typical  villages  and  the  ndghbouring 
districts — (1)  the  Physical  Types  of  the  Inhabitants,  (2)  their  current  Traditions 
and  Beliefs,  (3)  Peculiarities  of  Dialect,  (4)  Monumental  and  other  Remains  of 
Ancient  Culture,  and  (5)  Historical  Evidence  as  to  Continuity  of  Race.  The 
numerous  Corresponding  Societies  of  the  Association  scattered  over  various  parts 
of  the  country  have  been  invited  to  co-operate,  and  the  greater  number  of  theoi 
have  cordially  responded,  and  special  local  committees  have  been  formed  in  many 
places  to  carry  out  the  work. 

The  result  of  a  preliminary  inquiry  as  to  the  places  in  the  United  Kingdom 
which  appeared  especially  to  deserve  ethnographic  study,  mainly  on  account  of  the 
stationary  nature  of  the  population  for  many  generations  back,  was  given  im 
the  first  Report  of  the  Committee  presented  at  the  Nottingham  meeting  of  the 
Association  last  year,  in  which  it  was  shown  that  in  the  British  Isles  there  are 
more  than  250  places  which,  in  the  opinion  of  competent  authorities,  would  be 
suitable  for  ethnographic  survey,  and  in  which,  notwithstanding  the  rapid  changes 
which  have  taken  place  during  the  last  fifty  years  in  all  parts  of  the  country, 
much  valuable  material  remams  for  the  Committee  to  work  upon.  Without 
doubt,  as  interest  in  the  subject  is  aroused,  this  number  will  be  greatiy  increased. 

A  most  important  step  in  securing  the  essential  condition  that  the  information 
obtained  should  be  of  the  nature  really  required  for  the  purpose,  and  that  the 
records  of  different  observers  should  be  as  far  as  possible  of  equal  v^ue  and 
comparable  one  with  another,  has  been  the  compilation  of  a  very  elaborate 
and  carefully  prepared  schedule  of  questions  and  directions  for  distribution  among 
those  who  have  signified  their  willingness  to  assist,  and  as  a  ^arantee  that  the 
answers  obtained  to  the  questions  in  the  schedules  will  be  utilised  to  the  fuUeat 
extent,  certain  members  of  the  Committee  specially  qualified  for  each  branch  of  Uie 
work  have  undertaken  to  examine  and  digest  the  reports  when  received. 

It  may  be  remarked  in  passing  that  the  Anthropological  Society  of  Paris  has 
within  the  past  year  formed  a  Commission  of  its  members  to  collect  m  a  systematic 
manner  the  scattered  data  which,  when  united  and  digested,  shall  form  'une 
anthropologie  v^ritablement  nationale  de  la  France,'  and  has  issued  a  circular 
with  schedules  of  the  required  observations.  These  are,  however,  at  present 
limited  to  the  physical  characters  of  the  population. 

Among  tiie  many  services  rendered  to  the  science  of  Anthropology  by  the 
British  Association,  not  the  least  has  beeu  the  aid  it  has  afforded  in  the  publication 
of  that  most  useful  littie  manual  entitled  '  Notes  and  Queries  on  Antnropoloey/ 
of  which  the  first  edition  was  brought  out  exactly  twenty  years  ago  (1874),  under 
the  supervision  and  partly  at  the  expense  of  General  Pitt-Rivers.  Since  that  time 
the  subject  has  made  such  great  advances  that  a  second  edition,  brought  up  to  the 
requirements  of  the  present  time,  was  uigently  called  for.  A  Committee  of 
the  British  Association,  appointed  to  consider  and  report  upon  the  best  means 
of  doing  this,  recommended  that  the  work  should  be  placed  in  the  hands  of  the 
Anthropological  Institute  of  Great  Britain  and  Ireland.    This  recommendation 
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^as  approved  by  the  Association,  and  grants  amounting  to  70/.  were  made  to 
assist  in  defraying  the  cost  of  publication.  The  Council  of  the  Anthropological 
Institute  appointed  a  Committee  of  its  members  to  undertake  the  reyision  of  the 
different  subjectB,  with  Dr.  J.  G.  Garson  and  Mr.  C.  H.  Bead  as  editors  respectively 
of  the  two  VArts  into  which  it  is  divided.  The  work  was  published  at  the  end  of 
the  year  1892,  and  is  invaluable  to  the  traveller  or  investigator  in  pointing  out  the 
most  important  subjects  of  inquiiy,  and  in  directing  the  observations  he  may  have 
the  means  of  making  into  a  methodical  and  systematic  channel. 

Besides  those  I  have  already  mentioned,  the  Association  has  aided  many  other 
anthropological  investigations  oy  the  appointment  of  Committees  to  carry  them 
out,  and  in  some  cases  by  the  more  substantial  method  of  giving  grants  from  its 
funds,  and  by  defraying  the  cost  of  publication  of  the  results  m  its  journal. 
Among  these  I  may  specially  mention  the  series  of  very  valuable  Beports  upon  the 
Physical  Characters,  Languages,  and  Industrial  and  Social  Condition  of  the  North- 
western Tribes  of  the  Dominion  of  Canada,  drawn  up  by  Mr.  Horatio  Hale,  Dr. 
F.  Boas,  and  others,  the  importance  of  which  has  been  recognised  by  the  Canadian 
Government  in  the  form  of  a  grant  in  aid  of  the  expenses. 

Another  very  interesting  investigation  into  the  Habits,  Customs,  Physical 
Characteristics,  and  Beligion  of  the  Natives  of  Northern  India,  initiated  by  Mr. 
II.  H.  Bisley,  and  carried  on  under  his  supervision  by  the  Indian  Government, 
though  it  has  received  little  more  than  moral  support  from  the  Association,  may 
be  mentioned  here  on  account  of  the  illustration  it  affords  of  the  value  of  exact 
anthropometric  methods  in  distinguishing  groups  of  men.  Although  a  pi-actised  eye 
can  frequently  tell  at  a  glance  the  tribe  or  caste  of  a  man  brought  before  it  for 
the  first  time,  the  special  characters  upon  which  the  opinion  is  based  have  only 
latelv  been  reduced  to  any  definite  and  easily  comparable  method  of  description. 
In  Mr.  Bisley 's  examination,  the  nose,  for  instance  ^hich  I  have  always  held  to  be 
one  of  the  most  important  of  features  for  classiBcatory  purposes),  inbtead  of  being 
vaguely  described  as  broad  or  narrow,  is  accurately  measured,  and  the  proportion 
of  the  greatest  width  to  the  length  (from  above  downwards),  or  the  '  nasal  index,' 
as  it  is  termed  (though  it  must  not  be  confounded  with  the  nasal  index  a^  defined 
by  Broca  upon  the  skull),  gives  a  figure  by  which  the  main  elements  of  the  com- 
position of  this  feature  in  any  individual  maybe  accurately  described.  The  average 
or  mean  nasal  indices  of  a  large  number  of  individuals  of  any  race,  tribe,  or  caste  offer 
means  of  comparison  which  oring  out  most  interesting  results.  By  this  character 
alone  the  Drayidian  tribes  of  India  are  easily  separated  from  the  Ar^an.  'Even 
more  striking  is  the  curiously  close  correspondence  between  the  gradations  of  racial 
tyne  indicat^  by  the  nasal  index  and  certain  of  the  social  data  ascertained  by 
independent  inquiry.  If  we  take  a  series  of  castes  in  Bengal,  Behar,  or  the  North- 
Western  Provinces,  and  arrange  them  in  the  order  of  the  average  nasal  index,  so 
that  the  caste  with  the  finest  nose  shall  be  at  the  top,  and  that  with  the  coarsest 
at  the  bottom  of  the  list,  it  will  be  found  that  this  order  substantially  corresponds 
with  the  accepted  order  of  social  precedence.  The  casteless  tribes — Eols,  Eorwas, 
Mundas,  and  the  like — who  have  not  yet  entered  the  Brahmanical  system,  occupy 
the  lowest  place  in  both  series.  Then  come  the  vermin-eating  Musuhars  and  lae 
leather^ressing  Cham&rs.  The  fisher  castes  of  Bauri,  Bind,  and  Eewat  are  a 
trifle  higher  in  the  scale;  the  pastoral  Goala,  the  cultivating  Kurmi,  and  a  group 
of  cognate  castes — from  whose  hands  a  Brahman  may  take  water — follow  in  due 
order ;  and  from  them  we  pass  to  the  trading  Ehatris,  the  landholding  B&bhans, 
and  the  upper  crust  of  Hindu  society.  Thus,  it  is  scarcely  a  paradox  to  lay  down 
as  a  law  of  the  caste  organisation  in  Eastern  India  that  a  mans  social  status  varies 
in  inverse  ratio  to  the  width  of  his  nose.'  The  results  alreadv  obtained  by  this 
method  of  observation  have  been  so  important  and  interesting  that  it  is  greatly  to 
be  hoped  that  the  inquiry  may  be  extended  throughout  the  remainder  of  our  Indian 
Emmre. 

But  for  want  of  time  I  might  here  refer  to  the  valuable  work  done  in  relation 
to  the  natives  of  the  Andaman  Islands,  a  race  m  manv  respects  of  most  excep- 
tional interest,  first  by  Mr.  R  H.  Man,  and  more  recently  by  Mr.  M.  V.  Portman, 
and  for  the  same  reason  can  scarcely  glance  at  the  great  progress  that  is  being 
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made  in  anthropological  researdi  in  other  countries  than  our  own.  The  numeroos 
workeiB  on  this  subject  in  the  United  States  of  America  are,  with  great  aumstjiTifiB 
from  the  Goyermnent,  yery  properly  devoting  themselyes  to  exploring,  collectings 
and  puhlishingy  in  a  systematic  and  exhaustive  manner,  every  fact  that  can  still  be 
discovered  relating  to  the  history,  language,  and  characters  of  the  iborkinal 
population  of  their  own  land.  l!hey  have  in  this  a  clear  duty  set  before  mm, 
and  they  are  doing  it  in  splendid  style.  I  wish  we  could  say  that  the  same  has 
been  done  with  all  the  native  populations  in  various  parts  of  the  world  which  have 
been^  to  use  a  current  phrase, '  disestablished  and  disendowed '  by  our  own  country- 
men. We  are,  however,  now,  as  I  have  shown,  not  altogether  unmindful  of  what 
is  our  duty  to  posterity  in  this  respect ;  a  duty,  jperhaps,  more  urgent  than  that 
of  any  other  branch  of  scientific  investigation,  as  it  will  not  wait.  It  must  be 
done,  if  ever,  before  the  rapid  spread  of  civilised  man  all  over  the  world,  one  of  the 
most  remarkable  chancteristics  of  the  age  in  which  we  live,  has  obliterated  what 
still  remains  of  the  original  customs,  arts,  and  beliefs  of  primitive  races ;  if,  indeed^ 
it  h^  not  succeeded — as  it  too  often  does — ^in  obliterating  the  races  themselves. 


The  following  Reports  and  Papers  were  read : — 

1,  The  Report  of  the  Anthropometric  Laboratory  Committee. 
See  Reports,  p.  444. 


2.  The  Report  of  the  Ethnographical  Survey  Committee. 
See  Reports,  p.  419. 


3,  The  Report  of  the  Committee  on  Anthropometry  in  Schools. 
See  Reports,  p.  439. 


4.  On  the  Diffusion  of  Mythical  Beliefs  as  Evidence  in  the  Bistory  of 
Culture.    By  Edward  B.  Tylob,  D.C.Z.,  LL.D.,  F.R.S. 

The  purpose  of  this  communication  was  to  illustrate  and  systematise  the  use  of 
correspondence  in  culture  as  means  of  tracing  lines  of  connection  and  intercourse 
between  ancient  and  remote  peoples.  Mythical  beliefs  are  espHecially  referred  to  as 
ftsniiahing'  good  evidence  of  this  class,  notwithstanding  Uieir  want  of  objectiye 
value.  The  conception  of  weighing  in  a  spiritual  balance  in  the  judgment  of  the 
dead,  which  makes  its  earliest  appearance  in  the  Egyptian  religion,  was  traced 
thence  into  a  series  of  variants,  serving  to  draw  lines  of  intercourse  through  the 
VedUc  and  Zoroastrian  religions,  extending  from  Eastern  Buddhism  to  Western 
Ohristendom.  The  associated  doctrine  of  the  Bridge  of  the  Dead,  which  separates 
the  good,  who  pass  over,  from  the  wicked,  who  fall  into  the  abyss,  appears  first  in 
ancient  Persian  religion,  reaching  in  like  manner  to  the  extremities  of  Asia  and 
Europe.  By  these  mythical  beliefs  historical  ties  are  practically  constituted,  con- 
necting the  great  religions  of  the  world,  and  serving  as  lines  along  which  their 
interdependence  is  to  be  followed  out.  Evidence  of  the  some  kind  was  brought 
forward  in  support  of  the  theory,  not  sufficiently  recognised  by  writers  on  culture 
history,  of  the  Asiatic  influences  under  which  the  prft»>Coiumbian  culture  of 
America  took  shape.  In  the  religion  of  old  Mexico  four  great  scenes  in  the 
journey  of  the  soul  in  the  land  of  the  dead  are  mentioned  by  early  Spanish  writers 
after  the  conquest,  and  are  depicted  in  a  group  in  the  Aztec  picture-writing  known 
as  the  Vatican  Codex,  The  four  scenes  are,  first,  the  crossing  of  the  river ;  second, 
the  fearful  passage  of  the  soul  between  the  two  mountains  which  dash  together; 
third,  the  soul's  climbmg  up  the  mountain  set  with  sharp  obsidian  knives;  fourth, 
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the  dangm  of  the  wind  carrying  sach  kniyes  on  its  blast.  The  Mexican  pictures 
of  these  four  scenes  were  compared  with  more  or  less  closely  corresponding  pictures 
representing  scenes  from  the  Buddhist  hells  or  purgatories  as  depicted  on  Japanese 
temple  scrolls.  Here,  first,  the  river  of  death  is  shown,  where  the  souls  wade 
across ;  second,  the  souls  have  to  pass  between  two  huge  iron  mountains,  which 
are  pushed  together  by  two  demons ;  third,  the  guilty  souls  climb  the  mountain  of 
knives,  whose  blades  cut  their  hands  and  feet ;  fourth,  fierce  blasts  of  wind  drive 
against  their  lacerated  forms,  the  blades  of  knives  fiying  through  the  air.  It  was 
argued  that  the  appearance  of  analogues  so  dose  and  complex  of  Buddhist  ideas  in 
Mexico  constituted  a  correspondence  of  so  high  an  order  as  to  preclude  any  expla^ 
nation  except  direct  transmission  from  one  religion  to  another.  The  writer, 
referring  also  to  Humboldt's  argument  from  the  calendars  and  mythic  catastrophes 
in  Mexico  and  Asia,  and  to  the  correspondence  in  Bronze  Age  work  and  in  games 
in  both  re^ns,  expressed  the  opinion  that  on  these  cumulative  proofs  anthro- 
pologists might  well  feel  justified  in  treating  the  nations  of  America  as  having 
reached  their  level  of  culture  under  Asiatic  influence. 


5.  On  GompUxionab  Differences  between  Naiivea  of  Ireland  with  In- 
digenovs  cmd  Exotic  Surnames  respectively.  By  John  Beddoe, 
M.D.,  LL.D.,  F.B.S. 

Taking  his  data  chiefly  from  the  military  reports,  the  author  shows  that  while 
the  former  class  of  Irishmen  are  largely  charteterised  by  the  prevalence  of  light 
eyes  and  dark  hair,  in  the  latter  dark  hair  is  much  less  frequent.  He  suggests 
that  a  simple  mixture  of  Englishmen,  Scotchmen,  &c.,  with  the  natives  should 
have  also  decidedly  increased  the  poportion  of  dark  eyes,  which  has  not  been  the 
case  to  any  considerable  extent ;  and  that  the  influence  of  climate,  which,  if  operative 
at  all,  should  tell  in  favour  of  the  blonde  complexion,  may  have  had  some  effect 
upon  an  unstable  cross-breed. 


Ejcfl    . 

Light 

Dark 

Hair     . 

Red 

Fair 

Brown 

Dark 

Black 

4-5 
2-8 

Totl 

74-3 
73-4' 

Red 

1-3 

1-4 

Fair 

Brown 

DarklBlack 

ToU. 

Indigenous  1 
names    ,' 

Exotic 
names    . 

3-5 
2-4 

20-6 
22-9 

264 
291 

19-3 
16-2 

2-9 
3-4 

7-9 
10-2 

10-2 
8-7 

31 

2-7 

25-4 
26-4 

FItlDAY,   AUGUST  10. 

The  following  Reports  and  Papers  were  read : — 

1.  The  Report  of  the  Committee  on  Prehistoric  and  Ancient  Remains 
in  Glamxyrganshire. — See  Reports,  p.  418. 


2.  The  Report  of  the  Committee  on  the  Exploration  of  Elholton  Cofoe^ 
See  Reports,  p.  270. 


3,  The  Report  of  the  Committee  on  the  Eocplorations  at  Oldbury  HiH. 
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4.  On  the  Evolution  of  Stone  Implemenis.    By  H.  StOPES. 

The  author  defined  an  '  Implement  *  to  be  any  stone  used  to  facilitate  man's 
actions,  not  necessarily  made,  but  used;  use  beio^  determined  by  wear.  By 
'  Evolution '  be  meant  a  series  of  improvements  in  flmt  implements,  the  result  of 
mental  processes  and  widening  experience,  though  points  are  reached  in  all  de- 
Yelopments,  beyond  which  advance  on  the  same  lines  stops. 

The  earliest  tools  were  any  chance  natural  stones  used  for  breaking,  bruising, 
ur  hammering.  T^ces  of  use  are  not  perceived  on  these  unlees  they  were  fre- 
quently used,  when  they  became  worn  or  polished.  The  next  sten  was  the  selec- 
tion of  stones  suitable  for  given  purposes,  and  convenient  to  oe  held  in  tHe 
band.  The  only  signs  these  show  of  being  implements  are  also  marks  of  wear. 
The  author  showed  many  such  specimens,  and  referred  to  the  collection  of 
Mr.  Harrison,  of  Ightham.  Natural  stones  were  next  gradually  trimmed  for  use 
by  a  few  strokes.  These  also  were  illustrated  by  a  series  of  what  the  author 
termed  '  transitional  *  forms,  as  they  are  intermediate  between  the  selected  and  used, 
and  the  worked  and  iised,  or  Paleolithic  implements.  The  transitional  stones  are 
frequently  large  and  rough,  generally  lelt>-handed,  and  with  thick  patination. 
The  terms  PalaBolithic  and  Neolithic  have  become  indefinite.  Many  of  the 
Palseoliths  are  evidently  meant  for  handles,  and  some  of  them  are  of  finer  work 
than  the  Neoliths.  Specimens  were  shown  from  many  localities,  but  chiefly  from 
the  upper-level  gravels  of  Kent,  from  80  feet  to  300  feet  above  the  O.D.,  in- 
cluding anvils,  hammers,  anchors,  net-weights,  single-  and  double-pointed  drills  or 
borers,  gyrators,  axes,  spokeshaves, fabricators  and  arrow-heads;  and  their  parallels 
were  aliown  from  each  period.  These  are  the  types  of  many  of  the  steel  tools  of 
to-day.  A  set  of  sharp-pointed  axes  having  a  spiral  twist  were  shown  to  be  deve- 
loped into  the  peculiar  gyrators  of  the  rock-shelter  men,  found  also  amongst  tJie 
gravels  of  Swanscomb.  Specially  instructive  are  the  natural  but  used  stones. 
Fully  half  of  these  show  no  bulb  of  percussion.  These  invaluable  records  are  fast 
disappearing  from  free  use  for  concrete  and  road  metal.  The  importance  of  pre- 
servmg  worked  stones  for  the  use  of  future  students,  and  the  value  to  the  critic  of 
being  able  to  compare  a  laige  series  together,  in  order  to  form  just  conclusions, 
were  pointed  out.  

5.  A  Joint  Discussion  with  Section  C  on  the  Plateau  Flint  Implements  of 
North  Kent  vxm  hddyfor  which  see  p,  651. 


SATURDAY,    AUGUST  11. 

The  following  Reports  and  Papers  were  read : — 

1.  The  Report  of  the  Committee  on  the  Mental  and  Physical  Condition  oj      k 
Children. — See  Reports,  p.  434. 


2.  On  a  New  System  of  Hieroglyphics  and  a  Prce-Phosnician  Script 
from  Crete  and  tJ^e  Peloponnese.    By  Arthur  J.  Evans,  M.A. 

The  author  sud  that  the  Mycenaean  civilisation  was  in  many  respects  the 
equal  contemporary  of  those  of  Egypt  and  Babvlonia,  and  they  might  well  ask 
themselves,  Was  this  civilisation  wholly  dumb  r  Homer,  at  least,  contained  a 
hint  that  some  form  of  written  symbols  was  in  use. 

During  a  journey  to  Greece  in  the  preceding  year  Mr.  Evans  had  obtained  a 
clue  to  the  existence  of  a  peculiar  kind  of  seal-stones— the  chief  find-spot  of  which 
seemed  to  be  Orete — presentinj^  symbols  of  a  hieroglyphic  nsture.  This  spring  he 
had  been  able  to  follow  up  his  inquiries  by  the  exploration  of  the  ancient  sites  of 
Central  and  Eastern  Crete,  and  the  result  of  his  researches  had  been  to  bring  to 
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light  a  series  of  stones  presenting'  pictogpraphic  symbols  of  the  same  nature,  so 
that  he  -was  now  able  to  put  toffether  over  seventy  symbols  belonging  to  an  inde- 
pendent hieroglyphic  system.  More  than  this,  he  had  discovered,  partly  on  stones 
of  similar  form,  partly  engraved  on  prehistoric  vases  and  other  materiids,  a  series 
of  linear  characters,  a  certain  proportion  of  which  seemed  to  grow  out  of  the 
pictorial  forms.  Both  these  systems  of  writing  were  represented  as  the  diagTams 
exhibited.  It  would  be  seen  that,  as  in  the  case  of  the  Egyptian  and  Hittite 
Bvmbols,  the  Cretan  hieroglyphs  fell  into  certain  distinct  classes,  such  as  parts  of 
the  human  body,  arms  and  implements,  animal  and  vegetable  forms,  objects  re- 
lating to  maritime  life,  astronomical  and  geometrical  symbols.  Some  of  them, 
such  as  the  two  crossed  arms  with  expanded  palms,  belonged  to  that  interesting 
class  of  pictographs  which  is  rooted  in  primitive  gesture  language.  The  symbols 
occurred  in  groups,  and  there  were  traces  of  a  boustrophedon  arrangement  in  the 
several  lines.  The  comparisons  instituted  showed  some  interestiug  aiiinities  to 
Ilittite  forms.  Among  the  tools  represented,  Mr.  Evans  was  able  to  recognise 
the  *  template '  or  *  templet '  of  a  decorative  artist,  and,  with  the  assistance  of  a 
model  of  this  symbol  taken  in  connection  with  a  design  supplied  by  a  Mycenaean 
gem  found  in  Crete,  he  was  able  to  reconstruct  a  Mycenaean  painted  ceiling 
analogous  to  those  of  Orchomenos  and  the  eighteenth-dynasty  Egyptian  tombs  of 
Thebes  (circa  1600  B.C.). 

The  linear  and  more  alphabetic  series  of  symbols  was  shown  to  fit  on  to 
certain  signs  engraved  on  the  walls  of  what  was  apparently  a  Myceniean  palace 
at  Enosos,  and  again  to  two  groups  of  sigDS  on  vase-handles  from  Mycenae.  It 
was  thus  possible  to  recoostruct  a  Mycenaean  script  of  some  twenty-four  characters, 
each  probably  having  a  syllabic  value.  It  further  appeared  that  a  large  proportion 
of  these  were  practically  identical  with  the  syllabic  signs  that  survived  among  the 
Greeks  of  Cyprus  to  a  comparatively  late  date.  The  Cypriote  system  threw  a 
light  on  the  phonetic  value  of  the  Mycenaean. 

Resuming  the  results  arrived  at,  Mr.  Evans  said  that  they  had  now  before 
them  two  systems  of  primitive  script — one  pictograpbic,  tbe  other  linear — both,  as 
was  shown  by  the  collateral  archaeological  evidence,  belongin^^  to  the  second 
millennium  before  our  era,  and  to  the  days  before  the  Phoenician  alphabet  had 
been  introduced  among  the  Greeks.  Some  pictorial  forms,  however,  of  the  one 
series  clearly  appeared  in  a  linear  form  in  the  other ;  the  double  axe,  for  instance, 
being  seen  in  two  stages  of  linearisation — tbe  simpler  form  identical  with  the 
Ojrpriote  character.  On  the  whole,  the  pictograpbic  or  hieroglyphic  series  seemed 
more  peculiarly  indigenous  to  Crete,  and  the  linear  forms  to  be  Mycenaean  in  the 
widest  sense.  The  Eteocretans,  or  indigenous  stock  of  tbe  island,  who  preserved 
their  language  and  nationality  in  the  east  of  the  island  to  the  borders  of  the 
historic  period,  certainl^r  used  these  hiero^yphs.  Mr.  Evans  gave  reasons,  based 
on  his  recent  archaeological  discoveries  in  Eastern  Crete,  for  believing — ^what  had 
long  been  suspected  on  historic  and  linguistic  grounds^that  the  Philistines  who, 
according  to  unanimous  Hebrew  traditions,  came  from  the  Mediterranean  islands, 
and  who  are  often  actually  called  Krethi  in  the  Bible,  represented  in  fact  this 
old  indigenous  Cretan  stock ;  and  that  they  bad  here  the  reucs  and  the  writing  of 
'  tbe  Philistines  at  home.'  On  Egyptian  monumenta  a  people,  who  came  from 
*  the  islands  of  the  sea,'  are  seen  bearing  tributary  vases  of  forms,  some  of  which 
recur  on  a  whole  series  of  engraved  gems  seen  or  collected  by  Mr.  Evans  in 
Eastern  and  Central  Crete.  Their  dress,  their  peaked  shoes,  their  long  hair 
falling  under  their  arms,  all  recurred  on  Cretan  designs,  representing  tbe  in- 
habitants of  the  island  in  Mycenaean  times. 


3.  Exhibition  of  Prehistoric  Objects  collected  during  a  Journey  and  Explora- 
tions in  Central  and  Eastern  Crete,    By  Abthub  J.  Evans,  M,A. 
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4.  The  HeredUy  of  Acquired  Characters. 
By  Professor  A.  Macalister,  Jf.2).,  FM,S, 


5.  Notes  on  Skin,  Hair,  and  Pigment. 
By  Professor  Arthur  Thomson,  M.A. 


^.  On  the  Anthropological  Significance  of  Ticklishness. 
By  Louis  Robinson,  M.D. 

The  tiddkhneas  which  is  so  marked  in  children,  and  which  is  associated  with 
laughter,  appears  to  be  different  from  the  ticklishness  of  the  surface  of  the  skin. 

Its  universal  distribution  indicates  that  it  was  at  one  time  of  importance, 
although  at  present  it  appears  to  fill  no  place  in  the  animal  economy. 

It  is  found  that  in  young  apes,  puppies,  and  other  like  animal»,  the  most 
ticklish  regions  correspond  to  the  most  vulnerable  spots  in  a  fight.  In  the  mock 
fights  of  immaturity,  skill  in  defending  these  spots  is  attained. 

In  children,  and  in  anthropoid  apes  which  fight  with  their  canine  teeth,  the 
most  ticklish  regions  are  practically  identic^.  Young  orangs  and  chimpanzees 
grin,  and  behave  otherwise  much  like  children  when  ti<£led. 

It  seems  probable,  therefore,  that  in  the  ticklishness  of  children  we  have  a 
vestige  of  a  state  of  racial  development  when  the  canine  teeth  were  habitually  used 
by  our  ancestors  in  war  for  mates  or  food. 


7.  On  the  Bow  as  a  Musical  Instrument.     By  H.  Balfour,  M,A. 

The  bow  has  been  for  a  long  while  commonly  accepted  as  the  piototjnpe  of  a 
large  series  of  stringed  musical  instruments.  Witness  the .  Greek  legend  which 
attnbuted  the  first  appreciation  of  the  musical  potentialities  of  a  tense  string  to 
Apollo,  who  observed  them  in  the  twang  of  the  bowstring.  In  India  legend  refers 
the  invention  of  stringed  instruments  to  Siva,  who  used  a  bow  for  musical  pur- 
poses. In  Japan  the  origin  of  the  six-stringed  koto  is,  in  the  legend  of  Amaterasu, 
traced  to  an  extemporised  instrument  composed  of  six  bows  lashed  together.  So, 
too,  modem  writers  have  for  the  most  part  regarded  the  bow  as  a  parent  form  of 
many  of  the  instruments  even  of  the  highest  types.  Stages  in  the  probable 
phylogenetic  development  of  stringed  instruments  may  be  studied  in  the  survivals 
of  primitive  forms  still  existing  in  various  countries.  Simplest  of  all  is  the  mono- 
chord  of  the  Damaras  (Herero),  extemporised  from  the  ordinary  shooting  bow  of 
the  country  by  the  addition  of  a  string  bracing  the  bowstring  to  the  bow,  and 
thus  tightening  it  and  dividing  it  into  two  parts,  whose  notes  are  elicited  h^  tap- 
ping upon  the  string  with  a  small  stick.  To  increase  the  resonance  the  bow  is  held 
to  tne  mouth  of  the  performer.  Stage  2  is  represented  in  many  parts  of  Africa 
by  musical  bows,  still  simple  bows,  very  slightly  modified  for  musical  purposes 
only.  These  are  either  held  in  the  teeth  or  to  the  mouth,  or  rested  upon  resonant 
bodies  (gourds,  &c.)  to  increase  resonance.  Sta^e  3  is  that  in  which  a  resonator  is 
attached  to  the  bow,  usually  a  gourd,  as  in  the  Zulu  '  gubo.'  Musical  bows  in  these 
three  stages  occur  from  the  Niger  down  the  west  of  Africa  to  the  Cape,  and  along 
the  more  easteriy  regions  as  far  north  as  the  Dohr  or  Bongo  tribes.^  This  dis- 
tribution is  nearly  continuous.  In  Asia  we  meet  at  the  present  day  with  musical 
bows  in  forms  corresponding  with  stage  2,  as  in  the  Pinaka  of  North  India,  a  lightly 
made  bow  strong  with  fine  string.  Also  the  musical  bow  of  the  Bhuiyars  (abori- 
ginalj  of  Mirzapnr,  though  this  is  an  aberrant  form.  It  seems  likely  that  ansusical 
bow  almost  identical  wiUi  the  bow  and  gourd  resonator  of  South  Africa  exists  in 
India,  this  observation  being  partly  based  upon  a  small  figure  of  a  man  with  such 
a  bow  in  the  Pitt-Rivers  collection,  and  partly  upon  a  study  of  forms  which  seem 
to  have  passed  through  such  a  stage.  In  the  Malay  regions  we  find  musical  bows 
used  with  or  without  resonators  in  the  '  busoi '  of  Borneo,  and  in  a  simple  Ibim  in 
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Timor.  Eastwaida  a  variety  occurs  in  the  '  pangolo '  of  New  Britain,  a  tow  with 
two  strings,  one  of  which  is  braced  to  the  bow  with  a  string,  as  in  South  African 
examples.  In  the  Solomon  Islands  miniature  bows  are  played  upon  with  the 
fingers ;  at  least  three  yarieties  are  known  there,  one  of  which  has  two  strings 
('  kalove '  of  Florida  Island).  In  the  Marquesas  group  a  musical  bow  exists ;  and 
in  the  Sandwich  Islands  an  instrument  is  found  which,  though  it  can  hardly  be 
called  a  '  bow,'  is  eyidently  closely  allied  to  the  two-stringed  *  kalove  *  of  Florida 
Island.  In  the  New  World  a  pretty  wide  range  is  seen  for  the  musical  bow,  but 
as  it  is  here  evidently  of  African  origin,  and  owes  its  transmission  fo  the  immi- 
gration  of  African  labour,  the  instrument  in  this  region  calls  for  no  special 
remark. 

In  Africa  one  may  still  trace  stages  in  the  development  of  the  primitive  forma 
of  harps  from  the  musical  bow,  while  the  more  eUborate  harps  of  the  ancient 
Egyptians  and  Greeks  show  unmistakable  signs  of  this  orig^al  derivation,  as  doea 
the  modem  harp  of  Burma,  and  that  of  the  Ossetes  of  the  Caucasus,  as  also  several 
harp-like  forms  of  medieval  times  in  Western  Europe.  These  all  agree  in  the 
absence  of  a  supporting  front  pillar,  and  the  many  obvious  inconveniences  of  these 
forms  justify  one  in  saying  that  these  instruments  would  never  have  come  into 
existence  except  as  a  gradual  development  from  primitive  bow-like  forms,  th& 
awkwardness  of  whose  structure  persisted  through  a  somewhat  blind  adherence  to 
traditional  form.  In  India  there  is  evidence  that  the  '  vina '  owes  its  origin  to  the 
bow,  there  still  surviving  various  intermediate  types  which  can  reasonably  be 
regarded  as  survivals  of  various  stages  in  the  phylogeny  of  the  group. 


8.  The  Relations  between  Body  and  Mindj  as  expressed  in  Early  Limguagesy 
Customsy  and  Myths.    By  Eev.  G.  Habtwell  Jones,  M.A, 

The  conditions  in  which  early  races  lived  precluded  the  possibility  of  arriving 
at  anything  like  anatomy  or  psychology,  xet  some  crude  notions  appear  in 
ancient  literatures,  customs,  and  myths,  and  these  become  more  intelligible  when 
viewed  in  the  li^ht  of  similar  superstitions  which  have  prevailed  at  all  timea 
among  unprogressive  tribes  of  savages.  Naturally,  the  study  of  the  physical  frame 
and  mental  constitution  received  but  little  attention  before  the  rise  of  science  in  the 
East  and  Asia  Minor. 

That  the  Indo-European  Urvolk  must  have  had  some  knowledge  of  (i.)  the 
body  is  proved  by  their  common  inheritance  of  descriptive  words  for  parts  of  the 
human  mimeu  Even  where  the  roots  of  vocables  relating  to  the  body  are  not  akin, 
there  is  a  resemblance  in  the  conceptions  prevalent  in  widelv  distant  parts  of  Europe, 
and,  indeed,  of  the  globe.  Among  their  common  possessions  are  (1)  words,  some 
describing  the  creation  of  the  body,  others  the  shape,  others  the  substance.  Again,, 
(2)  the  similarity  of  the  conceptions  is  noteworthy.  When  analysed,  these  exhibit 
a  growth  of  meaning,  transition  of  thought,  and  gradual  gain  in  distinctness  of 
idea.  At  first,  however,  there  is  constant  confusion.  Thus  the  bodily  sense  ia 
confused  with  its  organ,  and  a  connection  was  supposed  to  exist  between  defects  of 
the  body  and  mental  weakness.  The  habit  also  of  employing  one  member  to  repre- 
sent the  whole  is  fre(][uently  found  in  early  stages  of  language,  and  particularly  in 
poetry.  And  if  the  ideas  concerning  the  body  and  its  parts  were  indistinct,  as  was 
to  be  expected  in  the  earlier  stages  of  human  development,  still  more  vague  was 
the  knowledfi;e  of  (ii.)  the  mind  vna  its  phenomena.  Especially  common  among  primi- 
tive and  backward  races  is  the  notion  that  life,  mind,  and  soul  are  air,  vapour,  or 
shade;  for  example,  in  Sanskrit,  Greek,  Latin,  and  Teutonic  languages.  Their 
general  idea,  too,  of  the  mental  faculties  was  hazy.  Even  as  late  as  Homer's  age 
the  body  was  regarded  as  the  source  of  aU  actions,  but  by  the  poet's  time  know- 
ledge had  progressed  far  enough  to  discriminate  the  intellectual  and  emotional 
faculties,  the  power  of  reflection,  memory,  and  imagination.  In  this  connection 
several  interesting  points  arise :  (a)  in  the  growth  of  language  and  thought  the 
physical  and  concrete  precede  the  psychical  and  abstract ;  for  instance,  in  Greek, 
Latin,  Persian,  Sanskrit,  and  Chinese.    ()3)  There  was  until  a  very  late  jperiod  still 
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8ome  confusion  between  the  functions  of  the  different  parts  of  thebodj,  or  between 
the  functions  of  the  blood  in  relation  to  those  of  body  and  mind.  Equally  loose 
are  the  notions  respecting  (iii.)  bodily  and  mental  dUease,  At  first  the  mseased 
were  put  to  death,  and  when  the  heeling  art  originated,  diseases  were  attributed 
to  divine  or  demoniacal  a^rency.  Such  was  the  case  even  with  the  Assyrians, 
Babylonians,  and  Greeks.  This  being  the  case,  supernatural  remedies  were  sought, 
and  although  by  Homer's  day  human  methods  were  employed,  yet  traces  of  the 
Divine  influence  are  distinctly  discernible.  This  is  seen  in  the  propitiation  of  evil 
spirits,  such  as  Nosos,  Febris,  Apollo,  Artemis ;  in  the  superstitious  reverence 
with  which  epilepsy  and  madness  were  regarded,  together  with  many  other  super- 
stitions of  which  glimpses  appear  as  late  as  Plato.  Especially  instructive  is  the 
worship  of  ^sculanius,  the  patron  of  medicine,  whose  history,  stripped  of  the 
legendary  lore  that  nas  gathe^d  around  him,  reveals  an  historical  personage.  His 
traditional  descent  from  the  Sun-God,  his  initiation  by  the  Thessalian  Centaur,  the 
combination  of  incantations  and  prayers,  with  human  aids,  like  embrocations, 
salves,  potions,  and  the  knife,  the  peculiar  custom  of  Korajcoc/AOirdac,  and  the  im- 
portant part  played  by  the  serpent  and  the  cock  in  his  worship,  exhibit  a 
strange  mixture  of  the  natural  and  supematunil|  and  well  illustrate  the  early 
evolution  of  the  art  of  medicine. 

An  examination  of  the  growth  of  knowledge  of  the  body  and  mind,  and  their 
treatment,  therefore  affords  further  proof  that  (1)  the  primitive  condition  of  the 
pioneers  of  civilisation  was  no  higher  than  that  of  savages ;  (2)  the  parallels 
presented  by  words  and  ideas  in  countries  widely  separated  from  one  another 
cannot  be  satisfactorily  explained  by  coincidence ;  (8)  tne  civilisation  of  Western 
Europe,  viewed  as  a  whole,  began  in  contact  with  the  East. 


9.  On  the  Alleged  Presence  of  Negritoes  in  Borneo, 
By  H.  Ling  Roth. 

The  circumstantial  evidence  collected  by  the  late  Mr.  Earl  that  a  people  of  a 
negroid  character  existed  in  Borneo,  and  the  discovery  by  M.  Hamy  of  a  negrito 
skull  from  that  island,  has  led  to  the  established  belled  that  negritoes  exist  there. 
The  skull  in  question  undoubtedly  came  from  Borneo,  and  it  is  undoubtedly  a 
negrito  skull ;  but  there  is  no  proof  that  it  originated  in  Borneo.  We  know  that 
Andaman  Islanders  (negritoes)  have  been  kidnapped  by  Malay  and  Uanum  pirates 
and  carried  to  India  and  other  parts,  so  that  for  the  present,  in  spite  of  the 
strong  circumstantial  evidence,  we  must  withhold  our  judgment  as  to  whether 
negritoes  exist  in  Borneo. 

10.  On  the  Possibility  of  a  Common  Lcmguage  hettueen  Man  and  other 
Animals.    By  Miss  Agnes  G.  Weld. 

The  authoress  pointed  out  that  the  Hebrews,  Greeks,  and  Romans  believed  that 
at  one  time  man  and  animals  could  understand  each  other's  languages,  whilst  at 
the  present  day  an  Irish  peasant  will  tell  you  that  the  cock,  on  Easter  morning, 
crows  in  good  Erse  the  tidings  that  the  Lord  is  risen.  In  these  old  and  popular 
legends  most  stress  is  laid  on  the  acquisition  of  hunmn  speech  by  animals,  whereas 
modem  scientific  effort  is  tending  in  the  reverse  direction.  She  believes  that,  with 
the  exception  of  the  parrot  and  one  or  two  other  birds,  the  creatures  below  us  in 
the  scale  of  existence  are  unable  to  pronounce  the  full  gamut  of  sounds  we  can 
utter,  some  making  use  of  vowels  alone,  others  merely  of  consonants,  so  that  it  is 
far  eaaer  for  us  to  speak  in  their  language  than  for  them  to  talk  in  ours.  Miss 
Weld  proceeded  to  exemplify  this  by  teUmg  of  a  daily  conversation  she  used  to 
hold  with  a  wild  nightingale,  and  then  narrated  the  remarkable  effect  produced  by 
lier  upon  a  savage  retriever  that  had  set  upon  a  collie.  Miss  Weld  described  how, 
^hen  she  had  growled  out  certain  deep  notes  of  dog  langua^,  an  awestruck 
expression  came  into  the  retriever*s  eyes ;  and  how,  instantly  letting  go  his  hold  of 
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the  collie^  he  answered  the  deep  notes  by  a  whispered  growl,  backing  as  he  did  so 
into  a  comer,  where  he  remained,  in  the  most  abject  terror,  not  venturing  to  stir 
till  Miss  Weld  was  out  of  sight. 

11.  On  Mythical  Pygmy  Races, 
By  Professor  Bertram  Windle,  D.Sc,  M,D. 

In  this  communication  it  was  shown  that  the  idea  of  mythical  pygmy  peoples, 
fairies,  or  elyes,  was  diffused  throughout  the  world ;  that  whilst  general  leatures 
of  resemblance  were  present,  there  were  many  points  of  distinctioD,  and  notably 
with  regard  to  the  nature  of  their  supposed  dwelling-places,  an  account  of  which 
was  given. 

An  attempt  was  made  to  show  that  no  single  explanation  is  ade(|uate  to 
account  for  these  legendary  races,  but  that  a  number  oi  elements  enter  mto  the 
composition  of  the  myth. 


MONDAY,  AUGUST  13. 
The  following  Reports  and  Papers  were  read  : — 

1.  Pygmies  in  Europe.    By  Professor  J.  Kollmann,  M,D. 

Near  Schaffhausen,  in  Switzerland,  a  prehistoric  settlement  was  described  by  the 
author  which  had  been  used  successively  in  Palseolithic,  Neolithic,  and  Metallic 
times.  Each  period  was  distinctly  separated  from  the  other  by  a  differently 
coloured  stratum.  The  Paleolithic  stratum  contained  a  larffe  number  of  the  broken 
bones  of  reindeer,  also  those  of  horse,  ice-fox,  bear,  and  other  animals  in  less 
number.  No  human  bones  were  found  in  it,  only  worked  flakes.  It  was  covered 
over  by  a  layer  of  breccia,  80  cm.  thick,  which  contained  no  traces  of  man. 

Oyer  this  came  the  Neolithic  stratum,  of  an  average  thickness  of  40  cm.,  which 
contained  potsherds  and  large  quantities  of  ashes,  giving  it  a  grey  tinge.  The  animal 
remains  found  in  it  were  those  of  stag,  roe,  black  bear,  ox,  &c. ;  the  reindeer  had 
entirely  disappeared.  The  uppermost  stratum  is  a  layer  of  humus  40  to  60  cm. 
thick.  During  its  formation  man  had  ceased  to  settle  there  for  any  length  of  time 
under  the  shelter  of  the  overhanging  rocks.  A  few  implements  were  found  in  it, 
but  they  were  of  an  inferior  kind,  so  that  this  layer  of  the  so-called  Metallic  period 
calls  for  no  further  comment.  Not  so  with  the  Neolithic  stratum,  in  which  were 
more  than  twenty  human  interments,  both  of  adults  and  children.  Eleven  of  the 
latter  varied  in  age  from  the  new-bom  child  up  to  tiiat  of  seven  years,  and  some  of 
them  were  buried  with  particular  'care.  The  adult  interments  consisted  of  the 
skeletal  remains  of  (a)  full-grown  European  tjrpes,  and  {b\  small-sized  people,  which 
must  be  considered  as  pygmies  of  the  Neolithic  period  of  Europe.  These  two 
races  were  found  interred  side  hj  side  under  precisely  similar  conditions ;  from  which 
it  may  be  concluded  that  they  lived  peacefully  together,  notwithstanding  their  great 
racial  difference.  The  remains  of  four  of  these  pygmies,  and  probably  of  a  fifth,  were 
found.  Their  stature,  estimated  according  to  Manouvrier*s  method,  from  the  femur, 
is  as  follows:— No.  2, 1,416  mm.;  No.  12, 1,855  mm.,  and  No.  14,  1,500  mm., 
giving  an  average  of  1,424  mm.  This  may  be  compared  with  the  average  stature 
of  the  Veddas  of  Ceylon,  which  is  1,576  mm.,  accoitiing  to  Sarasin,  and  with  the 
skeleton  of  an  Andaman  Islander  measured  by  the  author,  in  which  the  femur 
measured  424  mm'.,  the  stature  of  the  skeleton  bdng  1,500  mm.,  while  the  femora 
of  the  Swiss  Neolithic  pygmies  are :  No.  2, 869  mm. ;  No.  12,  855  mm.,  and  No.  14^ 
398  mm. 

There  were  seven  interments  of  the  taller  race,  of  which  the  fbmur  of  No.  5 
measured  454  mm.,  giving  a  stature  of  1,662  mm.,  which  Rollet  found  to  be  the 
average  height  of  adult  !»enchmen.  The  remains  of  the  other  individuals  of  this 
race  could  not  be  satisfactorily  measured. 
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The  author  stated,  on  the  authority  of  Professor  Virchow,  that  the  bones  of  the 
small  race  are  not  those  of  a  pathologically  degenerated  people,  but  of  normal 
fltructure.  In  connection  with  this  find  it  is  important  to  note  that  Sergi  and 
Mantia  have  discovered  some  Uving  pygmies  in  Sicily  and  Sardinia,  mostly  under 
1,506  mm.  in  height  in  Sicily.  In  appearance  they  look  like  miniature  Europeans. 
In  the  author's  opinion  th«;8e  small  types  must  be  regarded,  not  as  diminutive 
examples  of  normal  mcfts,  but  as  a  distinct  species  of  mankind  which  occurs  in 
serveral  types  dispersed  over  the  globe ;  and  he  is  led  to  believe  that  they  have  been 
the  precursors  of  the  larger  types  of  man. 


2,  On  some  Stone  Implements  of  Australian  Type  from  Tasmania. 
By  E.  B.  Tylor,  D.C.L,,  KKS. 

The  ordinary  stone  implements  used  by  the  Tasmanians  were  remarkable  for 
their  rudeness.  They  come  generally  under  the  definition  of  substantial  flakea, 
trimmed  and  edged  by  chipping  on  one  side  only,  not  ground  even  at  the  edge,  and 
f^asped  in  the  hand  without  an^  kind  of  handle.  The  Palseolithic  level  of  these 
implements,  notwithstanding  their  often  recent  date,  had  been  pointed  out  by  Uie 
writer.'  In  illustration  of  this  comparison,  Tasmanian  implements  were  now 
exhibited  side  by  side  with  fiint  implements  from  the  cavern  of  Jjq  Moustier,  in 
Dordogne.  But  an  important  point  of  exception  as  to  this  comparison,  mentioned 
in  the  paper  referred  to,  demands  reconsideration  in  view  of  the  new  evidence  now 
brought  forward.  In  the  investigation  as  to  native  stone  implements  conducted  about 
twenty  years  ago  by  the  Boyal  Society  of  Tasmania,  some  exceptional  statements 
were  made  as  to  stone  axes  or  '  tomahawks '  being  ground  to  an  edge,  and  fixed  in 
handles,  and  these  were  explained  as  due  to  the  Australian  natives  who  have 
passed  into  Tasmania  since  the  European  settlement.  What  was  meant  by  these 
statements  now  appears  more  clearly  from  three  ground  implements  of  distinctly 
Austridian  character,  well  authenticated  as  brought  from  Tasmania^  and  now 
exhibited  by  the  courtesy  of  the  Municipality  of  Brighton,  to  whose  museum  they 
belong.  The  largest  has  a  label  showing  that  it  was  obtained  through  Dr.  Joseph 
Milligan,  probably  from  G.  A.  Robinson,  the  first  protector  of  the  aborigines  after 
the  native  war ;  and  that  it  was  grasped  in  the  hand  for  notching  trees  in  climb- 
ing. The  other  two  specimens  are  merely  marked  ^  Tasmanian,'  with  the  initials 
'  G.  A.  K.'  The  coexistence  of  two  such  difierent  types  as  the  chipped  and  nound 
forms  in  Tasmania  requires,  however,  further  explanation.  This  may  probablj^  be 
found  in  the  immigration  of  Australians  either  after  or  before  the  English  colonisa- 
tion, but  it  would  be  desirable  that  anthropologists  in  Tasmania  should  make 
further  inquiry  into  the  question  on  the  spot,  so  as  fully  to  dear  up  the  interesting 
position  of  the  Tasmanian  Stone  Age. 


3.  On  Tasmanian  Stone  Implements.    By  H.  Ling  Roth. 


4.  The  Troglodytes  of  the  Bruniquel^  a  Grotto  of  Ironworks  on  the 
Borders  of  Aveyron.    By  Dr.  Emilk  Cartailhac. 

The  collection  of  which  M.  Emile  Cartailhac  showed  photographs  has  been 
formed  by  the  Viscomte  de  Lastio.  It  is  the  complement  of  the  beautiful  series 
acquired  some  time  ago  by  the  British  Museum. 

The  engravings  upon  bone  and  the  sculptures  representing  animals  are  very 
remarkable,  and  throw  a  bright  light  on  the  art  of  the  Reindeer  Age.  Amongst  the 
most  interesting  objects  are  the  straight  beams  of  reindeer  horn,  sculptured  at  one 
extremity  in  the  form  of  a  horse  as  seen  froin  the  front,  head  lowered  against  the 
breast,  feet  joined.  There  are  several  pieces  of  this  kind,  almost  similar.  Lartet 
found  similar  specimens,  but  broken  and  unrecognisable,  in  the  layers  of  the 

'  *  On  the  Tasmanians  as  Representatives  of  Palseolithic  Man'  in  Journ.  Antkrap: 
Inst.,  vol.  xxiii.  1893,  p.  141. 
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Dordoj^e.  Others  Lave  been  described  in  the  rock  shelters  of  the  Pyrenees  and 
in  Switzerland.  M.  Oartailhac  laid  stress  on  the  conclusions  which  can  be  deduced 
from  the  presence  of  similar  pieces  in  layers  so  remote.  Of  all  the  sculptured 
objects  of  the  same  epoch  this  is  the  only  one  which  to  any  extent  had  a  look  df 
repetition. 

M.  Emile  Oartailhac  then  entered  into  an  exposition  of  the  facts  which  led  him 
to  consider  that  neither  the  reindeer  nor  the  horse  was  domesticated  or  bridled 
during  the  Reindeer  Age. 

5,  A  New  Statuette  of  the  lieindeer  Age  representing  a  Woman,  Sculptured 
in  Ivory.    By  Dr.  Emile  Cartailuao. 

The  rock  shelters  of  Brassempouy,  on  the  waste  land  north  of  the  little  yillage 
of  Orthes,  includes  one  of  the  richest  layers  of  the  Quaternary  epoch.  The  mam- 
moth and  its  contemporaneous  fauna  are  largely  represented ;  with  flints,  recalling 
to  mind  in  some  instances  the  types  of  Laogerie  Haute  and  of  Solutr^lay  a  certain 
number  of  the  worked  bones  and  also  remarkable  pieces  of  sculpture,  some  of  which 
have  been  described  in  '  Mat^rieux '  and  elsewhere ;  others  are  still  unpublished. 

Amongst  the  latter  is  a  broken  iyoiy  statuette,  collected  by  M.  Dubfjgn, 
Oonseirateur  of  the  Museum  of  Mont  de  Marsan,  a  portion  of  which  M.  Emile 
Oartailhac  has  reconstructed.  The  loss  of  the  upper  part  of  the  bust  in  this 
specimen  is  very  unfortunate,  since,  if  one  may  judge  by  the  rest  of  the  body,  it 
was  carved  with  great  regard  to  truth  and  exactitude.  This  human  representation 
is  the  best  made  one  which  is  known  of  the  reindeer  period.  It  proves  once  more 
the  value  of  the  artistic  sentiment  of  these  distant  ages. 

These  engravings  and  prehistoric  sculptures  have  frequently  been  compared  to 
those  of  the  primitive  populations  of  North  America  and  Asia,  but  the  more  these 
works  multiply,  the  more  they  afSrm  the  incomparable  superiority  of  the  troglo- 
dytes, our  ancestors. 

M.  Emile  Oartailhac  exhibited  the  original  specimen. 


6.  The  End  of  the  Stone  Age  on  the  Borders  of  this  Mediterranean  Basin. 
By  Dr.  Emilb  Cabtailhao. 

The  author  explained  the  analog^ies  and  identities  proved  to  exist  at  the  two 
extremities  of  the  Mediterranean — ^in  Egypt,  at  Troy,  in  Greece,  and  at  Santorin  at 
the  one  end,  and  in  Spain  at  the  other  ena. 

The  civilisation,  which  corresponds  to  the  end  of  the  Stone  Age,  appears  to  have 
special  characters  and  a  remarkable  uniformity.  It  does  not  only  influence  the 
eame  objects,  but  especially  the  manners  and  customs,  as  shown  by  exhumed  monu- 
ments, houses,  small  market  towns,  fortifications,  and  tombs. 

Between  the  East  and  the  Iberian  Peninsula,  transition  is  shown  by  the 
numerous  discoveries  in  Italy,  France,  Algeria,  Tunis,  and  the  Islands.  The  con- 
nections of  this  primitive  civilisation  with  the  Stone  Age  of  the  rest  of  Europe  are 
remarkable,  and  illustrate  best  the  diversity  of  their  origins. 


7.  On  tite  Present  State  of  Prehistoric  Studies  in  Belgium, 
By  Count  Goblkt  d'Alviella. 

The  author  reviewed  briefly  the  various  investigations  which  have  been  made 
in  Belgium  regarding  the  early  history  of  man  in  that  country,  beginning  with 
the  exploration  of  the  caves,  which  hjave  in  recent  years,  as  well  as  in  earlier 
times,  yielded  such  interesting  results  as  to  their  occupation  as  far  back  as  the 
period  of  the  mammoth  and  the  reindeer,  and  also  in  Neolithic  times.  He  then 
proceeded  to  give  an  account  of  Quaternary  finds  in  the  plfuns,  consiating  of 
flint  implements  in  all  stages  of  manufacture,  both  of  Palaeolithic  and  Neolithic 
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times.  The  manafactare  of  flint  implements  appeared  to  have  been  an  important 
iodustrjy  extending  all  oyer  Belgium. 

The  sites  of  Neolithic  occupation  are  situated  near  streams,  on  the  tops  of  hills, 
and  promontories  of  high  ground.  Vilkges  have  been  found  consisting  of 
symmetricallj  grouped  huts  excavated  in  Uie  soil.  They  contain  no  trace  of 
metals,  only  tools  of  polished  flint  and  fragments  of  b«ked  pottery  made  on  the 
wheel,  and  with  linear  ornamentation. 

Recent  researches  have  shown  the  existence  of  Dolmen  monuments,  which 
was  till  lately  denied.  The  existence  of  a  real  Bronze  Age  in  Belgium  has  also 
been  disputed,  but  finds  of  bronze  articles  in  tumuli  associated  with  incineration 
and  bunals  are  becoming  more  numerous. 

The  beginning  of  the  Iron  Age  is  undoubtedly  represented  in  Belgium  in 
various  burial-grounds  and  tumuli,  which  have  recently  yielded  new  and  fruitful 
researches. 

8.  ObserwUiona  an  the  Antiquity  of  Man  in  Belgium, 
By  Professor  Max  Lohbst. 


9.  Explor<Uion  of  British  Camps  and  a  Long  Barrow  near  Bushmore^ 
By  General  Pitt-Rivebs,  F.B,S. 


10.  On  a  New  Craniometer.    By  General  Pitt- Rivers,  F.E.S. 


11.  On  the  Long  Barrow  Skeletons  from  Ruahmore. 
By  J.  G.  Garson,  M.D. 


12.  Report  of  the  Committee  on  tJie  Glastonbury  Exploration, 
See  Reports,  p.  431. 


13.  On  Ancient  Bone  Skates,     By  Robert  Munro,  Jf.Z>. 

The  author  commenced  by  observing  that  the  contradictory  opinions  enun- 
ciated by  archsBolog^ts  in  regard  to  the  period  when  bone  skates  were  used 
justified  this  attempt  to  define  their  position  in  early  European  civilisation  with 
j^reater  precision  than  had  hitherto  been  done.    Bone  skates  had  been  found  in 
large  numbers  in  the  7>rp-mounds  of  Holland,  and  among  the  cUbris  of  the 
ancient  town  of  Birka,  on  the  island  of  Bjorko,  in  Lake  M&lar.    Sporadic  examples 
were  to  be  seen  in  various  museums  throughout  Northern  Europe,  said  to  have 
been    found   in    grave-mounds,  lake-dwellings,  canal-diggings,   &c.     The   late 
Dr.  lindenschmit  promuIp;ated  the  opinion  that  these  objects  belonged  to  the 
Stone  Age,  and  this  opinion  had  been  subsequently  adopted  by  various  aiehse- 
ologists.    In  this  paper  Dr.  Munro  has  collected  and  criticised  the  details  of  all 
the  hitherto-recorded  discoveries,  and  comes  to  the  conclusion  that  there  is  no 
trustworthy  evidence  in  support  of  the  theory  that  bone  skates  were  ever  used 
in  prehistoric  times  in  Europe.    According  to  the  author,  they  would  appear  tb 
have  been  invented  by  the  early  Teutonic  races  who  inhabited  the  shores  of  the 
Baltic,  and  to  have  been  introduced  into  Britain  by  the  early  immigrants,  who 
hailed  probably  from  among  the  superfluous  inhabitants  of  the  Terpen.    This 
opinion  is  supnorted  by  their  geograpnical  distribution,  which  embraced  Holland, 
Denmark,  the  lower  portions  of  Scandinaviai  North  Qermanyi  and  a  small  district 
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in  England  extending  along  its  eastern  shore,  including  York,  Lincobi  and 
Liondon.^ 


14.  On  the  People  of  Western  Ireland  and  their  Mode  of  Life, 
By  Professor  A.  0.  Haddon* 


TUESDAY,  AUGUST  14. 
The  following  Papers  were  read  :— 
1.  On  three  Neolithic  Settlements  in  North  Kent.    By  Mrs.  Stopes. 

Mrs.  Stopes  treated  the  topographical  relations  of  the  localities  in  which  she 
has  found  tne  traces  of  Neolitmc  settlements  in  the  neighbourhood  of  Swans- 
comhe.  They  all  face  east.  Is  there  anj  possible  meaning  in  this  P  The  shapes 
of  the  tools  and  flakes  are  verj  similar,  though  there  must  have  been  long  intervals 
at  least  between  two  of  them,  as  one  tribe  used  the  pebbles  of  the  Woolwich  and 
Heading  beds,  the  other  fresh  chalk  flintiS  of  a  fine  quality.  Mrs.  Stopes  also 
noted  the  information  to  be  gained  regarding  the  chief  settlement  from  the  places 
in  which  the  difierent  types  of  worked  flints  are  found.  The  flakes  and  chips 
show  where  the  flint-workers  worked;  the  warlike  weapons  mark  the  line  of 
defence,  &c. 

2.  On  the  Native  Tribes  between  the  Zambezi  and  Uganda* 
By  Lionel  Decle. 

After  explaining  the  origin  of  the  name  of  Mashona — an  English  corruption  of 
the  nickname  of  Amashuina  (baboons)  given  by  the  Matabele  to  the  Makaianga — 
Mr.  Decle  gave  a  sketch  of  the  various  tribes  found  between  the  Zambezi  and 
Uganda,  and  criticised  the  classification  of  the  native  races  according  to  their 
language.  He  explained  how,  for  instance,  some  tribes  classified  as  Bantu  difiered 
physically  from  others  included  under  the  same  name.  An  account  was  given  of 
the  customs  prevailing  amongst  the  people  between  the  Zambezi  and  Uganda. 
Mr.  Decle  showed  a  living  specimen  from  the  country  he  had  visited — a  young 
hoy,  whom  he  had  brought  back  with  him — and  gave  his  history.  The  boy,  who 
came  from  the  west  shore  of  Tanganyika,  had  been  sold  by  his  own  brother  to  a 
coast  man  for  two  yards  of  calico.  On  the  way  to  the  coast  he  got  sore-footed, 
and  was  sold  to  a  Wahha  chief  for  three  goats.  When  Mr.  Dede  was  in  the 
Wahha  country  he  was  attacked  every  nigh^  and  at  last,  in  order  to  put  a  stop  to 
it,  he  one  day  caught  a  chief  and  tl^eatened  to  hang  him  if  his  goods  were  not 
returned.  After  much  talking  Mr.  Decle  agreed  to  take  as  a  ransom  the  child  and 
ten  goats.  The  boy,  although  he  refused  to  return  to  the  Wahha  or  to  his  own 
people,  was  for  a  long  time  afraid  that  Mr.  Decle  would  eat  him  up. 


3.  On  the  Lex  Barbarorum  of  the  Daghestan, 
By  Pi-ofessor  Maxims  Kovaletskt. 

The  author  insisted  on  the  necessity  of  more  trustworthy  information  as  to  old 
customs  and  usages  being  ohtoined  by  travellers,  and  expressed  a  hope  that  English 
ethnographers  in  India  would  search  for  old  collections  ef  sentences  pronoimcc^  by 
judges  As  an  instance,  he  mentioned  the  existence  of  such  a  treatise  in  tlie 
Daghestan.    It  is  preserved  in  Derbent,  on  the  shores  of  the  Caspian,  and  is  known 

"  This  paper  will  appear  in  extenso  In  the  Ptoceedingt  of  the  Society  cf  Anti^uariei 
iff  Scotland,  \%9ZJd^. 
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1)7  the  name  of  the  Roustem  Code.  Olearius,  a  well-known  traveller  at  the 
heginnin^  of  the  seventeenth  century,  mentions  his  visit  to  Roustem,  who  was  a  kind 
of  elected  judge  or  arhitarator,  called  an  *  outsmi.'  His  subjects  were  Tartan  of  the 
Kaitajg,  who  had  no  writing  of  their  own.  The  treatise  is  written  in  Arabic.  It 
contains  many  very  old  customs  and  usages,  and  admits  the  vengeance  of  blood, 
which  extends  from  the  first  to  the  last  relatives  inward  to  all  the  members  of  the 
tribe,  called  'Touchoum.'  Compositions  are  paid  in  rough  linen  called  mab- 
zaldick.  Whoever  wished  to  escape  the  obligations  of  mutual  responsibility  was 
obli^ped  to  declare  solemnly  that  all  ties  were  broken  between  him  and  the  members 
of  his  tribe,  and  a  nail  was  placed  in  the  wall  of  the  mosque  in  commemoration  of 
it.  The  treatise  of  Roustem  inflicts  a  hiflrh  amercement  on  those  who  use  it  with- 
out the  permission  of  the  'outzmi.'  'Who  keeps  his  mouth  will  not  lose  his 
head,'  is  the  common  saying  placed  at  the  top  of  each  sentence.  It  shows  that  the 
mediators  in  Daghestan,  just  like  the  Brehons  of  Ireland,  kept  their  knowledge  for 
themselves  and  tiieir  pupils. 

4.  On  the  Natives  of  the  Hdfdramout.    By  J.  Theodore  Bent. 

After  referring  to  the  ancient  inhabitants  and  th^  archaeology  of  this  district, 
the  country  from  which  the  ancient  world  obtained  its  frankincense  and  myrrh, 
Mr.  Bent  went  on  to  describe  the  present  inhabitants  of  the  countiy  and  the 
extreme  difficulties  in  the  way  of  pursuing  anthropological  research  in  it.  He 
divided  the  inhabitants  as  follows,  into  four  divisions,  and  gave  an  account  of  each. 

Firstly,  the  Bedouins,  an  obviously  aboriginal  race,  with  a  religion  of  their 
own  and  mysticism  at  variance  with  the  orthcnox  religion  of  the  land.  He  con- 
sidered them  to  be  more  like  the  Gallas  in  physique ;  and  when  proper  measure- 
ments can  be  taken,  in  all  probability  an  affinity  will  be  established  between  th^e 
two  races  on  either  side  or  the  Indian  Ocean. 

Secondly,  the  Arabs  proper,  who  came  from  Yemen  and  conquered  the  countiy 
three  centuries  ago.  He  gave  a  description  of  their  women  and  their  customs  and 
fanaticism,  of  the  men  who  go  to  India  in  search  of  a  livelihood,  and  of  the  Sultans 
of  the  Al  Eaiti  family. 

Thirdly,  the  Sayyids,  a  sort  of  hierarchical  nobiliiy  who  fan  the  fanatical 
tendencies  of  the  race  and  rule  everything,  both  in  religion  and  law ;  and  to  them 
is  due  the  fact  that  the  Hadramout  has  continued  so  long  to  be  shut  off  from 
exploration  and  the  rest  of  the  world. 

Fourthlv,  the  slave  element^  which  in  this  country  is  considerable.  Mr.  Bent 
described  them  as  living  a  very  happy  life  and  subject  to  very  few  social  dis- 
abilities. 

5.  On  the  SheUs  t^eed  in  the  Domestic  Economy  of  the  Indonesians^ 
By  Dr.  J.  D.  C.  Schheltz,  of  Leiden. 

The  author  submitted  a  systematic  list  of  no  fewer  than  154  shells  used  by  the 
aborigines  of  Indonesia  and  Oceana  in  their  domestic  economy,  and  a  table  showing 
the  geographical  distribution  of  their  use  for  different  purposes.  The  author  gave 
an  account  of  the  different  modes  of  using  shells.  Some  are  much  preferred  to 
others,  for  a  great  variety  of  purposes.  Shells  are  also  used  in  connection  with 
religious  ceremonies.  ^  concluaed  with  some  observations  on  the  manner  of 
making  implements,  ornaments,  &c.,  from  shells. 


6.  On  the  Pantheon  of  the  Fijians,    By  Babil  H.  Thomson. 

The  author  described  the  Fijian  Olympus,  the  mountain  of  Nakauvadra.  The 
tutelar  deities  of  Fijians  are  the  spirits  of  their  dead  ancestors,  llie  growth  of 
this  idea  may  be  traced  in  the  development  of  the  complete  tribe  from  a  single 
family,  and  the  process  may  be  tested  by  an  examination  of  the  bond  of  tearnc. 
Tribes  that  are  tauvu  {t.€,,  sprung  frt)m  the  same  root)  worship  the  same  gods. 
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The  author  described  the  legends  of  the  arriTal  of  the  Fijians  from  the  west* 
ward  and  the  peopling  of  Nakauyadra ;  the  story  of  Turokawa  and  the  scattering 
of  the  tribes.    These  fragments  of  mythology  are  of  historical  value. 

The  recent  discovery  of  the  '  path  of  the  spirits/  the  legends  that  cUng  to  it, 
showing  the  influence  of  physical  geography  on  the  mythology  of  the  Fijian  bogies 
and  apparitions,  were  briefly  descnbed. 

The  author  described  the  Nanga  cults,  the  earliest  example  of  missionary 
enterprise  in  the  Pacific ;  the  arcana  of  the  Nanga  and  their  meaning. 

In  conclusion  he  referred  to  the  recent  recrudescence  of  heathen  practices  and 
its  political  danger. 

7.  The  Distribution  of  the  Picta  in  Britain^  as  indicated  by  Place- If ames. 

By  J.  Gray,  B.Sc. 

The  Picii  of  North  Britain,  and  the  Pictones  or  Pictavi  of  South  Gaul,  are 
both  mentioned  by  Roman  writers.  The  evidence  of  place-names  shows  that 
probably  the  whole  intervening  country  was  at  an  earlier  dace  occupied  by  the 
same  race.  Two  roots  are  employed  to  determine  the  relative  densities  of  the 
Picts  in  Britain — viz.  Pict  and  its  variants,  and  AL  The  language  of  the  Picte 
was  Basque.  The  name  Pict  is  derived  from  a  Basque  wora,  pikatu,  to  cut. 
Aquitania  is  probably  a  Goidelized  form  of  Paquitania,  or  Pakitani,  and  meant  in 
the  Pictish  language,  the  countrv  of  the  Picts.  Piakat  is  deduced  as  the  earliest 
form  of  the  name  Fict.  The  diderent  phonetic  changes  which  pakat  can  undergo 
are  indicated,  and  some  of  these  aie  verified  by  historical  evidence.  Place-names 
in  the  British  Isles  involving  all  forms  of  the  root  Pakat  have  been  classified 
under  counties  and  their  densities  calculated.  Goidelic  forms  where  the  initial  p 
is  dropped  have  been  calculated  as  percentages  of  the  total.  Some  of  the  con- 
clusions arrived  at  are — that  the  density  of  &e  Picts  was  greatest  in  the  south 
and  midlands  of  England  and  in  the  east  of  Scotland,  and  least  on  the  east  coast 
of  England,  and  in  Wales.  In  Ireland  the  density  was  only  about  one-third  that 
in  England.  The  Goidels,  who  followed  the  Picts,  spread  along  the  valleys  of  the 
Thames  and  Severn  to  the  Mersey,  where  a  part  probably  crossed  to  Meath  and 
spread  in  two  streams  to  the  west  coast  of  Ireland;  the  other  part  moved 
northward  through  Lancashire,  Yorkshire,  Northumberland,  and  advanced  into 
Scotland  almost  to  the  Forth.  A  second  incursion  entered  Scotland  by  Argyll 
and  spread  along  the  west  counties  to  the  extreme  nortb.  The  pre-Pictish  in- 
habitants were  probably  Iberians,  and  prevailed  mostly  in  Ireland,  South  Wales, 
Cumberland,  and  South  Scotland.  The  oldest  name  of  Britain,  Albion,  is  de- 
rived from  Aly  the  name  of  an  Eastern  god  worshipped  by  the  Picts,  and  Bath^ 
a  decayed  form  of  the  name  Pict. 

8.  On  the  Ceremonies  observed  by  the  Kandyans  in  Paddy  Cultivation, 
By  B.  P.  Kehlpannala. 


WEDNESDA  F,  A  UO  UST  15, 
The  following  Papers  and  Report  were  read : — 

1.  On  the  Brain  of  a  Young  Fuegian. 
By  Professor  L.  Manouvrier. 

Professor  Manouvrier  described  the  brain  of  a  Fuegian  child,  and  com])ared 
several  of  its  characters  with  those  of  the  ordinary  European  brain.  He  pointed 
out  that  it  is  interesting  anatomically,  physiologically,  and  psychologically  to  find 
that  the  external  morpnology  of  the  Fuegian  brain  is  nearly  equal  in  its  develop- 
ment to  that  of  the  European,  though  some  traces  of  inferiority  ex.ifii  in  the 
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former — as,  for  example)  in  the  third  frontal  convolution,  or  the  convolatioii  of 
Broca.  The  author  insisted  on  the  physiological  signification  of  the  morphological 
development  of  the  brain.  He  believes  that  the  approximate  equality  of  the 
Fuegian  bnun  to  the  average  European  brain  does  not  raise  doubts  as  to  the 
physiological  value  of  cerebral  morphology,  but  rather  on  the  accuracy  of  the 
opmion  usuallv  held  as  to  the  intellectual  inferiority  of  savage  people.  This 
inferiority,  as  that  of  the  ancient  Oauls  in  comparison  to  the  Romans,  may  resole 
much  more  from  obvious  defects  in  the  external  conditions  which  produce  civilisa- 
tion than  from  true  physiological  inferiority  conjoined  with  anatomical  inferiority. 
What  makes  the  pnysiological  value  of  the  morphological  development  of  the 
brain  an  unknown  quantity  is  that  other  anatomical,  physiological,  or  external 
conditions  form  with  it  very  variable  combinations  in  which  the  influence  of  each 
factor  may  be  masked  or  counterbalanced  by  that  of  others. 


2.  On  the  Valuation  of  Proportional  Dimensions  in  the  Description  of  ilte 
Brain.    By  Professor  L.  Manouvrier. 


3.  On  the  Classificatory  System  of  Relationship.    By  Rev.  Lorimeb  Fison. 

In  this  paper  the  author  showed  the  arran^ment  of  the  classificatory  8jatem 
of  relationship,  and  the  key  to  it,  by  an  exammation  of  the  descendants  of  two 
brothers  and  tneir  two  sisters  to  the  third  generation. 

The  Fijian  terms  of  relationship  were  t^ken  as  an  example  of  the  system. 
These  divide  the  sexes  in  any  one  generation  into  groups  of  non-marriageable 
persons  and  other  groups  of  marriageable  persons. 

The  same  relatives  and  their  descendants  were  traced  in  an  Australian  trfbe, 
and  it  was  shown  that  precisely  the  same  ^oups  appear  as  the  result  of  the 
division  of  a  community  into  two  exogamous  intermarrying  divisions,  such  as  are 
found  in  Australia. 

The  inference  deduced  by  the  author  was  that  wherever  the  classificatory 
terms  appear  those  divisions  of  the  community  exist,  or  have  existed  in  the  past. 


4.  On  some  of  the  Natives  of  British  New  Guinea. 
By  H.  Bblltse  Baildokt,  if.il.,  F.R.S.E. 

The  materials  for  this  paper  were  obtained  during  a  visit  to  British  New  G-uinea 
in  1891,  the  incidents  of  which  had  been  detailed  b^  the  author*s  sister  in  the 
Geographical  Section.  The  author  acknowledged  his  indebtedness  to  Mr.  and 
Mrs.  Chalmers  for  corrections  and  additional  information. 

The  observations  extended  over  the  group  of  villages  at  Port  Moresby,  those 
in  the  Elema  district  about  Motu-motu ;  the  dangerous  inhabitants  of  Movi-avi ; 
and,  again,  further  east,  the  people  of  Kerepuna  and  Hula. 

The  natives  of  Port  Moresby  consist  of  two  very  distinct  tribes — the  Motuans 
and  the  Koitapuans — located  in  three  villages,  the  principal  of  which,  Hanuabada 
(the  Big  Village),  is  built  on  the  foreshore  of  the  Day.  Of  the  other  two,  one  is 
on  the  mainland  and  the  other  on  the  beautiful  island  of  Elevala.  The  juxta- 
position of  these  two  tribes  is  an  instance  of  that  curious  intertribal  commensalism 
or  economic  co-operation  often  found  in  New  Guinea. 

The  Motuans  (who  must  not  be  confused  with  the  inhabitants  of  Motu-motu, 
a  very  different  people)  live  chiefly  by  fishing  and  the  manufacture  of  potteiy, 
while  the  Koitapuans  live  mainly  by  hunting.  Much  traffic  goes  on  between 
these  two  tribes,  who  supplement  each  others  requirements,  so  that  commerce 
here,  as  in  civilised  communities,  makes  chiefly  for  peace.  The  Motu  potterv  is 
also  made  for  purposes  of  trading  with  the  Motu-motuans  and  other  western  tribes, 
with  whom  the  Motuans  exchange  it  for  sago. 

The  people  of  the  Elema  country  and  the  fertile  land  of  sago  about  Motu-motu 
differ  in  many  respects  from  the  Motuans.    They  seem  to  be  a  wilder,  more  high* 
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spirited  and  unruly  tribe  than  the  more  industrial  Motuans,  who  have  been  called 
the  'British'  of  New  Guinea,  while  the  others  have  beea  likened  to  the  Irish. 
Nor  is  the  comparison  in  the  latter  case  without  fitness  also ;  for  not  only  in  their 
excitability  ana  impatience  of  control,  but  also  in  their  light-hearted  gaiety  and 
wity  the  resemblances  are  not  far  to  seek. 

The  social  arrangements  here  are  different  from  those  at  Port  Moresby,  where 
the  people  live  enfamille  in  their  cottages;  for  in  Motu-motu  the  men  congregate 
in  large  club-houses  or  dubus,  while  the  women  and  children  live  in  smaller 
houses.  Even  married  men  live  in  these  dubs,  and,  although  they  may  visit  their 
families,  they  must  always  return  to  the  dubu  before  daybreak,  otherwise  they 
commit  a  serious  breach  of  Papuan  etiquette.  These  dulnis  are  curious  structures 
hiiilt  on  platforms  11  to  16  feet  from  the  ground,  and  shaped  like  the  open  mouth 
of  a  sbarK.  Under  the  great  projectinff  upper  jaw  or  gable  the  men  lounge  and  smoke 
in  the  daytime,  and  have  their  food  brought  to  them  here  by  the  women,  who  are 
strictly  forbidden  to  enter  the  interior,  which  is  helaffa,  sacred,  or  tapu  to  the  men. 
In  each  village  there  are  several  dudits,  occupied  by  different  clans  or  families.  At 
a  certain  age  the  boys  of  the  clan  are  taken  into  the  dttbu  to  undergo  initiation, 
have  their  heads  shaved,  and  remain  in  seclusion  till  their  hair  is  fully  grown. 

The  remainder  of  the  paper  dealt  in  a  similar  way  with  inhabitants  of  Movi-avi 
and  Kerepuna.  

5.  On  the  Tobas  o/Gran  Chaco,  South  America,    By  J.  Graham  Kebb. 

The  author  gave  a  short  account  of  the  manners  and  customs  of  the  Natokoi  or 
Tobas  of  the  Gran  Ghaco.  This  region  is  inhabited  by  very  numerous  nations  of 
American  Indians,  differing  markedly  in  language,  customs,  and  in  minor  physical 
characters.  The  Tobas  are  exclusively  nomadic  in  their  habits,  living  entirely  on 
the  products  of  the  chase.  They  usually  go  about  in  small  hunting  parties,  larger 
tribal  encampments  being  only  formed  occasionally,  e.g.,  at  particular  seasons.  In 
regard  to  their  mental  characters,  it  was  pointed  out  that  they  appeared  to  believe 
only  in  the  existence  of  numerous  minor  evil  spirits,  who  were  the  causes  of  dLsease, 
accidents,  defeats  in  battle,  and  other  misfortunes;  and  that  their  arithmetical  , 
powers  were  very  limited,  the  limit  of  counting  being  usually  about  five. 

^,  On  the  Maya  Indians  of  ChichAi  Itzd,  Tttcatan. 
By  Alfbbd  P,  Maudslat. 

In  this  paper  the  author  mve  an  account  of  some  excavations  of  a  burial-mound 
in  the  Vera  Paz  of  Guatemala,  and  the  discovery  of  little  jars  containing  the  bones 
of  the  little  fingers  probably  deposited  by  mourners. 

The  earliest  notices  of  the  great  Maya  ruins  at  Chich^n  Itzd,  in  Yucatan,  were 
discussed,  and  extracts  given  from  a  document  lately  found  by  Dr.  Marimon  in 
Seville,  describing  the  ceremonies  still  performed  by  the  Mayas  at  the  great 
Cenote  at  Chich^n  at  the  time  of  the  Spanish  conquest,  although  the  town  was 
already  abandoned  and  the  buildings  in  ruins. 

A  description  was  given  of  the  great  tennis-court,  and  a  model  of  it  exhibited. 
The  paper  concluded  by  calling  attention  to  some  photographs  of  a  hitherto 
unknown  Maya  monumeut  at  Ixkum,  in  which  the  supporters  of  the  Maya  figures 
are  captives  bound  with  cords,  who  are  altogether  unlike  the  Mayas  in  appearance, 
and  probably  belong  to  another  race. 

7.  On  the  Looehooan  Language,   By  Professor  Basil  Hall  Ohambbblain. 

Hitherto  only  two  languages  have  been  generally  recognised  as  spoken  in  the 
Japanese  Empire — viz.  Japanese  proper,  and  Aino  or  Ainu,  the  language  of  the 
hairy  aborigines  of  the  north.  Professor  Chamberlain's  paper  contains  a  prelimi- 
nary dsetch  of  his  analysis  of  a  third  language — Looehooan — known  hitherto,  or 
one  might  better  say  suspected,  only  from  a  short  and  exceedingly  imperfect 
vocabulary  by  the  late  Lieutenant  Clifford,  II.N.,  appended  to  Captain  Basil  Hall'a 
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'  Voyage  of  Discovery  to  the  Great  Loochoo  Island/  published  in  the  year  1818. 
Mr.  Chamberlain  has  now  ascertained  that  Loochooan  stands  to  Japanese  in  aboot 
the  same  relation  that  Spanish  does  to  French.  The  importance  of  this  discovezx  will 
be  best  appreciated  when  it  is  remembered  that  the  Japanese  language  had  hitherto 
stood  in  a  position  of  complete  isolation,  without  kindred  of  any  sort.  With  this 
new  key  it  will  be  possible  to  solve  many  di£Eu!ult  questions  of  Japanese  philology, 
and  in  the  paper  tne  author  discusses  the  formation  of  the  negative  oonjugation 
of  Japanese  verbs  from  this  new  point  of  view.  Mr.  Chamberlain  also  estabUfihes 
the  fact  that  Japanese,  as  we  now  have  it,  is  the  language  of  the  invaders  of  the 
Archipelago,  not  that  of  the  previous  inhabitants,  by  whom  the  invaders  might  be 
supposed  to  have  been  absorbed.      

8.  Bepart  of  the  Committee  on  the  Iforth-toestem  Tribes  of  Cancuia. 
See  Reports,  p.  453. 


9.  On  the  Significance  of  Objects  with  Holes, 
By  Miss  A.  W.  Bucklakd. 

This  paper  treats  of  what  appears  to  be  a  world-wide  superstition,  belonging  to 
all  races  and  to  all  time,  in  which  holes  are  credited  with  healing  and  protective 
powers. 

The  superstition  exists  among  us  at  present  in  the  shape  of  lucky  monej  and 
lucky  stones,  but  can  be  traced  back  to  Neolithic  times,  in  the  great  holed  stones 
and  dolmens  which  are  found  in  Great  Britain  and  Ireland  as  well  as  in  many 
countries  of  Europe,  in  North  Africa,  India,  Syria,  Circassia,  and  also  in  America. 
The  chief  of  British  holed  stones,  the  Men-an-tol,  is  still  known  locally  aa  the  Crick- 
stone,  and  through  it  people  creep  for  the  cure  of  rheumatism. 

In  Siberia  wooden  figures  bored  with  holes  are  carried  about  aa  a  cure  for 
various  diseases,  according  to  the  part  in  which  the  hole  is  bored ;  and  figures  of 
great  age  have  been  found  in  Peru  and  among  the  Eskimo,  which  seem  from  the 
holes  in  them  to  have  been  intended  for  the  same  purpose.  Engraved  shells  also 
similarly  bored  have  been  found  in  ancient  Chaldea  ana  in  the  American  mounds. 

The  same  superstition  appears  to  be  traceable  in  the  trephined  skulls  of  Neolithic 
times  found  in  many  countries,  and  from  which  amulets  have  been  cut,  probably 
for  the  cure  of  epilepsy,  the  disease  for  which  the  operation  was  undoubtedly 
undertaken,  since  it  was  thus  employed  up  to  quite  recent  times ;  and  the  bones  of 
the  human  skull  were  always  recommended,  either  grated  as  a  potion,  or  worn  as 
an  amulet,  for  the  cure  of  epileptic  disease. 

Miss  Buckland  believes  the  healing  property  thus  attached  to  holes  to  be  of 
necromantic  oriffin.  She  regards  the  hole  as  tne  symbol  of  the  underworld,  the  abode 
of  the  Creator  m  some  cosmogonies,  and  always  of  the  spirits  of  dead  ancestors. 
HJence  they  are  summoned  by  the  medicine-men  to  assist  them  in  their  healing 
ceremonies  and  magic  incantations ;  and  thus  the  hole,  through  which  thev  are 
drawn  by  sorcery,  l^came  to  the  savage  the  source  of  healing,  and  in  this  form, 
modified  by  time,  it  has  descended  to  us. 

The  underworld  also  was  the  reputed  source  of  wealth ;  hence  the  symbolical  hole 
in  money  caused  it  to  be  regarded  as  lucky  money,  and  this  probably  explains  the 
use  of  ring  money  among  the  ancients.  These  symbolical  holes  are  also  found  in 
ceremonial  weapons  in  West  Africa  and  in  the  South  Sea  Islands,  as  they  were  also 
probably  in  Ancient  Egypt  and  other  countries ;  the  idea  suggested  being  that  the 
bearer  of  the  weapon  assumed  the  power  of  sending  ofienders  to  Hades.  Holes  exist 
also  in  ma^c  wands  and  in  staves,  especially  in  the  South  Sea  Islands,  where  the 
holes  certainly  represent  deceased  ancestore. 

The  magic  wands  and  the  South  Sea  staves  or  idols  resemble  so  strongly  the 
holed  implements  of  reindeer  horn  found  in  caves  of  Palseolithic  times,  that 
Miss  Buckland  believes  these  staves  also  to  have  been  used  by  the  medicine-men  of 
that  remote  period  as  symbols  of  the  world  of  spirits  over  which  they  assumed 
control,  and  that  thus  we  can  trace  the  superstitions  connected  with  holes  to  the 
earliest  of  the  human  race. 
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Section  L— PHYSIOLOGY. 
Pbesideni  of  the  Seotion— Professor  E.  A*  SohAfbb,  F.R.S. 


THURSDAY,  AUQUBT  9. 

[The  President's  Address  was  delivered  on  Fridaj,  August  10. — See  p.  796.] 

The  following  Papers  were  read : — 

i.  The  Response  of  Animals  to  Changes  of  Temperature. 
By  M.  S.  Pbbibbbt,  M,A.,  M.B. 

The  simplest  method  of  investigating  the  response  of  animals  to  chauges  of 
temperature  iB  to  determine  the  amounts  of  carbonic  acid  which  thej  discharge. 
The  carbonic  acid  is  a  measure,  it  may  be  not  an  exact  one,  of  the  heat  produced. 
From  this  point  of  view  a  series  of  experiments  have  been  made  upon  tne  power 
which  warm-blooded  animals  possess  of  Tarying  their  production  and  loss  or  heat 
in  such  a  way  that  their  mean  temperature  is  constant. 

A  mouse  is  a  very  suitable  animal  for  such  experiments,  because  on  account  of 
its  large  cutaneous  surface  conipared  with  its  small  bulk  the  reaction  to  a  change 
of  temperature  is  yery  rapid.  Within  two  minutes  of  a  fall  in  external  temperature 
from  80°  to  16^  the  mouse  increases  its  output  of  carbonic  acid  by  74  per  cent. ; 
within  one  minute  of  a  change  from  33°'25  to  17^*6  the  increase  is  60  per  cent. 
The  response  to  a  rise  in  temperature  is  not  so  rapid  :  within  two  minutes  of  a  rise 
from  18^  to  34^-5  the  decrease  in  carbonic  acid  is  18  per  cent. ;  within  one  minute 
of  a  change  from  17°  to  82^  the  decrease  is  5  per  cent.  With  cold  surroundings  the 
mouse  is  very  active,  whereas  with  a  warm  temperature  it  becomes  quiet  and  goes 
to  sleep.  The  relationship  between  muscular  activity  and  the  production  of  heat 
iB  well  shown.^ 

Experiments  were  next  made  upon  the  developing  chick.  It  is  a  warm-blooded 
animal,  but  during  its  development  it  was  probable  that  it  passed  through  a  stage 
in  which  it  would  have  responded  to  changes  of  temperature  in  a  similar  way 
to  that  seen  in  cold-blooded  animals ;  that  in  cold  surroundings  it  would  have  pro- 
duced less  carbonic  acid,  but  that  with  a  rise  in  temperature  it  would  have  increased 
its  out{)ut  of  carbonic  acid.  The  experiments  show  that  during  the  greater  part  of 
the  period  of  incubation  the  developing  chick  responds  to  changes  of  temperature  in 
a  similar  manner  to  that  of  a  cold-blooded  animal ;  that  towaras  the  endof  incuba- 
tion, about  the  20th  or  21st  day,  there  is  an  apparently  neutral  stage  in  which  no 
marked  response  is  seen ;  that  tins  neutral  condition  is  succeeded,  when  the  chick 
is  hatched,  by  a  warm-blooded  stage.  The  intermediate  stage  may  be  the  resultant 
of  two  opposite  tendencies — on  the  one  hand  the  cold-blooded  condition,  on  the 
other  the  imperfectly  developed  power  of  regulating  the  production  of  heat.  When 

^  *  On  the  Beaction-time  of  Mammals  to  Changes  in  the  Temperature  of  their 
Sorroundings/  Journal  of  Physiology ,  xv.  1893,  p.  401. 
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the  deyelopin^  chick  ia  exposed  to  shock  by  the  prolonged  action  of  cold,  this 
neutral  condition  may  be  replaced  by  a  return  to  the  cold-blooded  stage. 

The  reaction  of  the  recently-hatched  chick  is  rapid;  a  fiJl  of  2(r  in  tempera- 
ture will  within  fifteen  minutes  raise  the  carbonic  acid  to  double  its  previooa 
amount. 

It  would  appear  that  this  power  of  regulation  depends  upon  the  integrity  and 
full  development  of  the  nervous  control  of  muscular  action.  The  chick  directly  it 
is  hatched  possesses  great  control  over  its  muscles ;  it  is  able  to  run  about,  ^eod 
itself,  and  perform  other  Complicated  movements.  At  the  same  time  it  is  able  to 
regulate  its  production  of  heat. 

It  was  probable  that  animals  born  blind  and  in  a  very  helpless  condition  would 
not  possess  this  power  of  regulation ;  that  in  their  case  a  fall  in  external  tempera- 
ture would  be  accompanied  by  a  decrease  in  carbonic  acid,  and  that  with  a  nae  of 
temperature  the  output  of  carbonic  acid  would  be  increased.  This  has  been  proved 
to  be  true  in  the  case  of  the  pigeon.  A  young  pigeon  was  examined,  when  it  was 
one  dajr  old,  and  it  was  found  that  a  fall  of  1^  in  external  tempNarature  caused  the 
carbonic  acid  to  diminish  to  on&-third  its  former  value  within  thirty  minutes  of  the 
change  in  temperature.  When  two  days  old  a  similar  change  of  temperature  pro- 
duced almost  as  great  a  fall  in  the  output  of  carbonic  acid;  raising  the  temperature 
to  its  former  level  did  not  cause  the  carbonic  acid  to  increase  with  the  same  rapidity 
with  which  it  had  fallen. 

Thus  a  young  pigeon  resembles  to  a  certain  extent  a  cold-blooded  animal. 
There  is,  however,  one  great  difference.  The  young  pigeon  responds  very  rapidly^ 
the  frog  responds  extremely  slowly. 

To  study  still  further  the  influence  of  the  nervo-muacular  system  upon  the 
regulation  of  temperature  by  the  production  of  heat,  experiments  have  been  made 
upon  mice  after  section  of  the  spinal  cord  and  during  anaesthesia.  Both  these 
procedures  tend  to  make  the  mouse  respond  in  a  somewhat  similar  way  to  that 
observed  in  the  cold-blooded  animal. 

The  writer  has  to  thank  Messrs.  Gordon  and  Warren  for  much  assistance  in 
some  of  the  experiments. 


2.  On  807ne  Experiments  to  determine  the  Tims-relations  of  the  Voluntarif 
Tetanus  in  Mcm,^    By  David  Fbaseb  Harris,  B,Sc.  Lond,^  M.B. 

1.  In  a  large  number  of  experiments  the  following  apparatus  was  used : — 

A  metallic  case,  made  air-ti^ht  at  each  end,  was  fitted  over  the  forearm  from 
below  the  elbow  to  near  the  wrist.  This  instrument,  practically  an  air-plethysmo- 
graph  (for  it  could  register  the  pulse-beats),  had  a  circular  aperture  cut  in  the  upper 
surface,  and  over  this  space  was  fastened  a  membrane  of  gold-beater*s  skin,  to  which 
was  fastened  a  disc  of  platinum.  There  was  no  tension  exerted  on  the  membrane, 
which  the  slightest  increase  of  pressure  caused  to  move,  but  which,  on  the  cessa- 
tion of  the  agitation,  came  immediatelv  to  rest. 

Touching  the  platinum  disc  was  a  fine  metallic  point — ^the  end  of  a  screw  sup- 
ported by  an  upright  soldered  to  the  metallic  case.  A  wire  was  led  to  a  battery, 
thence  the  current  traversed  an  electro-magnetic  writer  (or  *  signal '),  and  the  cir- 
cuit was  completed  to  the  screw-point.  The  vibrations  of  the  muscles  of  the  fore- 
arm thrown  into  voluntary  tetanus  {vid  the  ur  under  the  membrane)  agitated  the 
membrane,  and  so  made  and  broke  the  current,  these  interruptions  in  turn  synchro- 
nously affecting  the  writing  style  of  the  electro-magnet,  which  traced  on  a 
revolving  drum  a  mvogram  of '  incomplete '  tetanus.  The  rhythm  of  this  as  com- 
puted from  nine  different  parts  of  a  tracing  varied  thus :  10, 12, 23*3, 10, 10, 20, 20, 
20,  26*6  vibrations  per  second,  or  on  an  average  16*8.  The  average  of  a  very 
large  number  of  computations  was  13*3. 

2.  The  method  employed  by  Schafer^  gave  exactly  similar  results — vii.  an 
average  of  10,  8  to  13  being  the  minimum  and  maximum  rates  respectively. 

'  The  paper  is  published  in  the  Journal  of  Phytiology,  October  1894. 
'  Journal  of  Physiology,  vol.  vii. 
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3.  This  method  w«b  modified  as  follows : — 

A  steel  spring,  strongly  clamped  at  one  end,  was  arranged  so  that  its  free  end 
could  be  bent  back  to  touch  a  hinged  upright  connected  with  a  tambour ;  the  record- 
ing tambour  was  in  connection  as  in  method  2.  By  pulling  on  the  spring  by  the 
index-finger  (the  corresponding  thumb  being  at  the  fixed  point  of  resistance)  the 
vibratory  movements  of  tetanic  muscles  are  communicated  through  the  spring  ta 
the  air,  and  so  to  the  recording  tambour.  The  graphic  representation  of  this  is  yery 
similar  to  that  in  2. 

The  figures  in  a  typical  set  of  tracings  were  9,  6-6, 10,11-8, 14, 17, 18, 117, 
18.     The  average  of  a  large  number  of  experiments  was  12*5  vibrations  per  second. 

4.  In  this,  the  apparatus  was  as  in  8,  except  that  the  myogram  was  taken  on  a 
rotating  cylinder,  which  also  oscillated  transversely  seventeen  times  per  second. 
The  tracing  was  in  places  identical  with  that  obtained  when  one  combines  two 
wave-systems  whose  periods  are  as  1 :  2 ;  in  other  places  there  was  a  perfectly 
mmple  wave-form. 

it  is  contrary  to  all  we  know  to  suppose  that  the  tetanus  had  twice  the  rate  of 
the  cvlinder — viz.  84 ;  the  contrary  must  be  true. 

If,  then,  the  tetanus  had  at  times  a  rhythm  of  8*5  per  second,  and  at  times  rose 
to  17,  the  mean  is  12*75. 

6.  B^  a  method  employiug  a  carbon  resistance  pile  (upon  which  the  muscle  was 
pressed)  in  the  primary  circuit  of  the  inductorium,  a  capillary  electrometer  in  the 
secondary,  and  viewing  the  electrometer  through  a  stroboscopic  card,  a  rate  of  12 
per  second  was  estimated. 

6.  By  experiments  with  the  microphone,  on  which  the  muscle  was  laid,  the  rest 
of  the  connections  being  as  iu  5,  the  rate  was  fixed  at  12-15. 

7.^  By  the  microphone  laid  over  tbe  contracting  biceps,  and  a  frog's  gastro- 
cnemius stimulated  by  secondary  shocks  (the  microphone  being  in  the  primary 
circuit  of  inductorium),  a  rate  of  8-15  was  estimated,  or  an  average  of  11*5  vibra* 
tions  per  second. 

The  average  of  these  and  very  many  other  experiments  is  12*5  per  second. 


3.  On  Mirror  Writing.    By  Professor  F.  J.  Allen. 


4.  On  a  Model  of  the  Cochlea,     By  John  G.  M*Kbndrick,  if.2).,  F.Ii.S,^ 
Professor  of  Physiology  in  the  University  of  Glasgow. 

Professor  M*Kendrick  exhibited  a  working  moded  intended  to  illustrate  the 
mechanism  of  the  cochlea,  devised  by  himself,  with  the  aid  of  valuable  suggestions 
by  Professor  Crum  Brown.  It  consisted  of  a  water-tight  glass  tank  divided  into 
two  compartments  by  a  horizonteJ  glass  diaphragm.  At  the  end  of  each  compart- 
ment a  round  hole  was  cut  and  covered  with  an  india-rubber  membrane.  The  upper 
hole  represented  the  fenestra  avalis^  and  the  lower  the  fenestra  rotunda.  The 
horizontal  glass  plate  had  two  holes  cut,  each  of  which  was  supplied  with  an  india- 
rubber  membrane,  and  on  each  membrane  there  was  a  steel  watch-spring  tuned 
to  vibrate  at  a  certain  rate.  The  vibrations  of  the  two  springs  were  as  2  :  1.  An 
arrangement  was  used  for  imitating  the  movements  of  the  stapes,  consisting  of  a 
rod  caused  to  oscillate  horizontally  by  an  eccentric  wheel.  In  this  way  pendular 
vibrations  were  transmitted  by  the  fenestra  ovaliSf  and  it  was  shown  that  when 
the  number  of  pushes  made  bv  the  base  of  the  stapes  corresponded  to  the  period  of 
spring  A,  spring  a  began  to  vibrate ;  if  the  number  of  pushes  was  increased  a  ceased 
to  move ;  and  when  tbe  pushes  reached  the  period  of  b,  the  latter  began  to  move. 
Finally,  by  an  appropriate  harmonic  motion,  the  wave  form  of  two  vibrations  of 
2 : 1  was  transmitted  to  the  fenestra  ovalts,  and  both  springs  vibrated  when  the 
period  of  a  was  reached,  thus  showing  that  the  apparatus  analysed  the  compound 
wave-form.    The  model  generally  supported  the  Helmholtz-Hensen  theory  of  th» 
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cochlea.  Professor  M'Eendrick  stated  that  the  Rojal  Society  had  eiiid>led  him  to 
continae  the  investigation,  and  that  a  move  refined  apparatna  was  in  course  af 
construction. 


5.  On  some  PhysiologiccU  Aprlications  of  tlie  Phonograph.  By  JoHK  G. 
M'Kbkdrick,  M.D,^  F,E.S.,  Professor  of  Physiology  in  the  University 
of  Glasgow^ 

Professor  M'Eendrick  exhibited  one  of  the  newest  forms  of  the  phonocrapha  of 
the  Edison-Bell  Corporation,  and  bj  the  aid  of  a  large  resonator  adapted  to  it  by 
himself  he  was  able  to  cause  the  instrument  to  speak  so  loudlj  as  to  be  distinctly 
heard  throughout  the  large  room  in  which  the  Section  met.  He  explained  the 
mechanism  of  the  instrument,  and  showed  how  it  might  be  adapted  for  recordiDg* 
the  voices  of  two  persons  at  one  time,  and  for  transmission  of  speech  to  a  dbtance, 
by  using  along  with  it  a  microphone  in  a  telephonic  circuit.  He  also  described 
attempts  he  had  made  to  register  the  voice  curves  by  means  of  a  small  and  light 
lever  running  along  the  grooves  and  recording  on  a  small  smoked  cylinder  travelling 
at  a  slow  rate,  and  he  euiibited  curves  obtamed  in  this  wav.  His  method  was 
quite  different  from  that  employed  by  Professor  Hermann,  of  Eoni^beiv.  These 
curves  showed  long  undulations,  at  periods  of  about  one  second,  with  tne  speech 
curves  superposed  on  these.  He  also  explained  methods  by  which  the  phonograph 
might  be  used  for  recording  respiratory  and  cardiac  sounds,  and  he  stated  that, 
whilst  he  had  been  as  vet  unable  to  record  cardiac  sounds,  he  had  obtained  severs! 
respiratory  curves,  and  also  the  sound  of  the  ticking  of  a  watch.  He  announced 
his  intention  of  continuing  the  investigation  with  more  delicate  apparatus. 


6.  On  Trophic  Changes  in  the  Nervous  System, 
By  Justus  Gaule,  Professor  of  Physiology y  University  of  Zurich. 

The  author  has  been  able  by  experiments  upon  the  inferior  cervical  ganglion  of 
the  sympathetic  to  bring  about  changes  in  different  organs,  especially  in  the  biceps 
and  psoas  muscles.  As  the  result  of  further  research,  he  is  able  to  follow  out  the 
trophic  effect  from  the  spot  where  the  operation  is  performed  up  to  the  oigan 
which  subsequently  undergoes  change.  The  pathway  of  this  trophic  effect  passes 
through  the  spinal  cord ;  the  author  in  previous  communications  haa  alreadv  pointed 
this  out  as  the  probable  pathway,  and  now  this  supposition  has  been  confirmed  by 
microscopical  examination.  It  has  been  found  that  the  path  is  marked  out  by 
changes  of  a  tro|)hic  nature  in  the  nervous  system,  passing  from  the  point  of  section 
to  the  organ  which  undergoes  change.  It  was  necessary  in  order  to  remove  any 
doubt  to  perform  the  experiment  in  such  a  way  that  the  injury  caused  by  ii» 
operation  could  have  little  or  no  part  in  bringing  about  the  changes  in  the  nervous 
system. 

At  last  it  was  found  that  the  trophic  changes  took  place  throughout  the  whole 
length  down  to  the  biceps  or  psoas  muscles  when  a  special  nerve  scarcely  visible 
to  the  naked  eye  was  cut  away  with  scissors  from  its  ganglion.  This  nerve  joins 
the  ganglion  near  the  spot  where  one  of  the  accelerator  nerves  arises.  When  the 
operation  l<)  performed  in  this  way  the  injury  is  so  slight  that  if  the  section  does 
not  involve  the  right  part  of  the  nerve  there  are  practically  no  aftereffects  to  be 
observed  in  the  animal.  We  must  therefore  attribute  to  a  special  trophic  infiuenoe 
those  changes  which  can  be  observed  after  the  section  of  the  nerve  has  been 
properly  performed.  The  changes  can  be  classified  according  to  the  dififorent 
parts  of  the  trophic  path  in  which  they  lie: — 

Those  of  (1)  the  sympathetic  ganglion ;  (2)  the  rami  communicantes ;  (3)  the 
^^^  ganglia  and  posterior  roots;  (4)  the  spinal  cord ;  (6)  the  anterior  roots  and 
^'W  (^)  t"®  smaller  divisions  of  the  nerves  in  muscle ;  (7)  the  nerre- 
3  «/0t^le ;  (8)  and  lastly  those  of  the  muscle  itself. 
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The  changee  in  each  of  these  parts  are  of  so  special  a  nature  that  it  is  impos- 
sible to  ffive  a  short  general  description  of  them.  In  general  the  changes  are  of 
such  a  kind  as  if  the  operation  caused  some  substance  to  be  formed  or  to  soak  into 
the  ganfflion,and  then  spread  along  its  nervous  connectionaybrinG;ing  about  changes 
in  the  chemical  conditions  of  the  cells  of  the  tissues  until  the  celli  are  more  or  less 
completely  destroyed.  The  alteration  spreads  along  the  natural  pathways  only  as 
long  as  they  are  intact ;  every  experiment  therefore  which  destroys  the  connection 
produces  no  trophic  effect.  It  appears  that  a  spread  of  this  injurious  substance  is 
possible  both  in  the  special  ganglia  and  in  the  grey  substance  of  the  spinal  cord, 
for  the  number  of  altered  ce&s  is  far  gpreater  in  the  case  of  the  spinal  ganglion  than 
in  that  of  the  sympathetic  ganglion.  In  the  gre^^  substance  of  the  spinal  cord  the 
change  is  seen  to  spread,  not  omy  from  the  posterior  to  the  anterior  horns,  but  also 
in  the  direction  from  above  downwards.  In  those  places  where  the  change  has 
reached  the  anterior  horns  it  spreads  through  the  anterior  nerve-roots,  and  thus 
arrives  at  the  muscles.  At  least  one  finds  in  the  fibres  of  the  nerves  which  supply 
the  biceps  muscle  characteristic  changes  throughout  the  whole  course  of  the  nerves 
down  the  brachial  plexus  to  the  muscle. 


7.  On  the  Development  of  Kidney.     By  John  Bbbbt  Haycbaft,  if./)., 
Professor  of  Physiology^  University  College,  Cardiff. 

The  epithelium  of  the  kidnev  tubules  is  originally  derived  from  that  of  the 
ureter  ana  Wolffian  duct,  as  taught  by  Kolliker.  In  the  rabbit  the  ureter  branches 
in  the  kidney  blastema  into  six  or  eight  tubules,  ending  in  peripheral  dilatations, 
the  primitive  renal  vesicles.  These  vesicles  divide  again  and  afpain  as  the  kidney 
grows,  keeping  to  the  extreme  cortex,  and  their  stalks  forming  the  collecting 
tubules.  All  the  primary  branches  of  the  ureter  and  many  of  the  above-named 
collecting  tubules  become*e?aginated  to  form  the  pelvis.  Iirom  the  primary  renal 
vesicles  the  rest  of  the  tubules  grow  out  as  solid  and  then  hollow  processes 
and  the  Bowman's  capsule  is  moulded  on  a  bend  of  its  own  tubule,  and  is  not 
invaginated  by  a  glomerulus.  After  birth  the  primary  renal  vesicles  shrink  down 
to  the  size  of  an  ordinary  tubule,  but  at  birth  they  may  be  seen  as  dilatations  of 
the  collecting  tube  when  it  reaches  the  extreme  cortex  and  turns  round  into  the 
region  of  the  convoluted  tubules. 


FRIDAY,  AUGUST  10. 

The  President,  Professor  E.  A.  Schapbb,  F.R.S.,  delivered  the  following 
address: — 

Bbfobb  beginning  the  subject-matter  of  my  address  I  had  conceived  it  to  be 
necessary;  appearing  before  you  as  we  do  as  a  new  Section,  to  offer  some  sort  of 
apology  for  our  presence.  But,  on  looking  up  the  history  of  the  Association, 
I  find  that  my  task  is  somewhat  different.  If  I  have  any  apology  to  offer  at  all 
it  is  that  the  Section  of  Physiology  has  ceased  to  appear  for  many  years. 

The  British  Association  was  founded  at  York  in  1831 ;  and  at  the  subsequent 
meeting,  which  was  held  in  this  very  city  of  Oxford,  amongst  other  Sections  which 
were  established,  was  one  for  Anatomy  and  Physiology.  Now,  when  we  consult 
the  records  of  this  Section  we  are  struck  with  the  fact  uiat  Medicine  early  shows  a 
marked  preponderance.  Thus,  in  1833  a  physician,  Dr.  Haviland,  is  selected  as 
President  for  the  Section;  and  the  secretaries  are  Dr.  II.  J.  H.  Bond,  who  was 
Begins  Professor  of  Physic  in  the  University  of  Cambridge  from  1851  to  1872 ; 
and  Mr.  (afterwards  Sir)  G.  E.  Paget,  who  succeeded  Dr.  Bond  in  the  Regius 
Ptofessorship.  This  preponderance  soon  came  to  be  recognised  in  the  designation 
of  the  Section,  for  in  1836  we  find  it  entitled  Section  £,  Anatomy  and  Medicine. 
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As  time  weot  on  the  interests  of  medical  men  became  graduaUj  more  absorbed 
in  the  rapidly  growing  British  Medical  Association ;  and  in  1841  the  medical  title 
was  dropped,  and  the  Section  came  to  be  called  simply  Physiology,  which  title  it 
retained  until  1847.    Under  that  designation  the  Section  has  now  been  revived. 

The  fact  that  Physiology  as  a  separate  Section  in  this  Association  waa 
allowed  to  lapse  for  so  lon^  a  period  is  not  remarkable  when  we  remember  that 
during  the  first  half  of  this  period  Physiology  as  a  science  was  practically  non- 
existent in  this  country.  The  teachers  of  Physiology  were,  almost  without  ex- 
ception, practising  physicians  and  surgeons,  and  even  when  a  professor  was 
expect^  to  devote  his  time  to  the  teaching  of  Physiology  he  was  not  expected 
to  devote  part  of  that  time  to  the  prosecution  of  physiological  research.  During 
all  these  years,  from  18dd  to  1847,  we  do  not  find  amongst  the  officers  of  the  Section 
any  actual  working  physiologists.  Most  of  the  officers  were  distinguished  medical 
men,  with  an  anatomist  here  and  there  amongst  them.  Far  be  it  from  me  to  say 
that  there  was  no  actual  work  being  done  in  Physiology  at  this  time ;  for  Charles 
Bell  and  Marshall  Hall  were  engaged  in  elucidating  the  functions  of  the  nervona 
system;  whilst  Bowman,  Wharton  Jones,  and  others  were  producing  good  and 
permanent  work  in  various  other  departments  of  Physiology.  Their  labouiB,  how- 
ever, were  isolated,  and  formed  but  oases  in  the  Sahara  or  neglect  into  which  the 
pursuit  of  Physiology  had  fallen  in  this  country ;  and  this  during  a  period  when  it 
was  being  puraued  with  signal  success  and  activity  botli  in  Germany  and  France. 

After  1847  a  revival  ot  Physiology  began  to  manifest  itself  even  here ;  and  this 
was  followed  by  the  establishment,  from  time  to  time,  of  a  sub-section  to  Section  D, 
which  was  devoted  to  Physiology,  and  had  a  special  President.  Whether,  however^ 
owing  to  their  subordinate  character,  or  from  some  other  reason,  these  sub-sections 
had  not  usually  any  great  measure  of  success,  and  for  the  last  twelve  years  they 
have  been  wholly  dropped.  During  that  period  Physiology  has  only  twice  been 
represented  in  the  Chair  of  Section  D,  and  has  usually  had  no  secretarial  repre- 
sentation. This  decadence  of  Physiology  in  the  British  Association  daring  the  last 
eleven  or  twelve  jears  is  the  more  remarkable  because  it  Ls  obviously  not  due  to 
any  want  of  outside  activity  in  regard  to  the  subject ;  for  during  this  period  we 
find  an  extraordinary  revival  of  interest  in  physiological  research,  a  revival  which 
in  its  most  active  stage  dates  from  about  twenty-five  years  ago,  but  still  some 
twenty  or  thirty  jears  later  than  the  corresponding  revival  in  France  and  Germany. 
I  have  taken  the  trouble  to  prepare  a  list  ot  promment  physiological  workers  who 
flourished  during  the  thirty  years  prior  to  1870.  My  list  comprises,  in  all,  thirty. 
Of  these,  four  are  English,  five  French,  and  twenty-one  German  or  Dutch.  Of  the 
four  English  working  physiologista  not  one  is  a  teacher  of  Physiology.  Of  the  five 
French  and  twenty-one  German  all  are  recognised  teachers.  It  was  not,  in  fact, 
until  it  came  to  be  understood  that  teaching  and  work  in  Physiology,  as  in  all 
branches  of  science,  ought  in  the  main,  to  be  successful,  to  go  hand  in  hand,  that 
the  science  had  any  possibility  of  revival. 

Let  ua  glance  for  a  moment  at  the  history  of  the  revival  of  Physiology  in  this 
country  as  compared  with  its  revival  in  Germany.  In  each  country  the  re- 
vival may  be  said  to  have  been  largely  due  to  the  influence  of  one  teacher. 
In  Germany  the  teacher  was  Johannes  Miiller ;  in  this  country,  William  Sharpey. 
Both  of  these  remarkable  men  were  pupils  of  Kudolpbi,  who  was  Professor  of 
Anatomy  and  Physiology  in  Berlin  until  1833.  It  is  stated  regarding  Rudolphl 
that  '  he  was  an  enemy  to  subjective  speculation  in  biological  science :  he  looked 
on  the  so-called  philosophy  as  mistaken  and  futile  in  its  application  to  the 
phenomena  of  the  animal  economy,  and  based  his  physiology  chiefly,  and  perhaps 
rather  exclusively,  on  the  study  of  the  animal  structure.'  The  influence  of 
Rudolphi  is  apparent  in  both  Miiller  and  Sharpey. 

Miiller  was  bom  in  1801,  Sharpey  in  1802 ;  they  were  therefore  of  about  the 
same  age.  But  Miiller's  scientific  and  intellectual  development  was  more  rapid 
than  that  of  his  contemporary.  Thus  we  find  that  already  in  1826,  when  he  was 
but  twenty-five  years  old,  Miiller  attained  so  great  a  reputation  as  to  be  made 
Professor  Extraordinary  in  the  University  of  Bonn ;  and  oefore  very' long  he  was 
promoted  to  the  grade  of  Ordinary  Professor  there.    In  1833,  whilst  still  a 
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youn^  man,  he  was  called  to  the  chair  of  Anatomy  and  Physiology  at  Berlin,  which 
had  just  become  vacant  by  the  death  of  his  master  and  friend,  KudolpM.  Sharpey, 
on  the  other  hand,  occupied  himself  until  1829  with  perfecting  both  his  general 
and  his  special  anatomical  education.  It  was  not  until  1830  that  he  published  his 
first  essay  in  anatomical  and  physiological  research  entitled  'On  a  Peculiar  Motion 
excited  in  Fluids  by  the  Surfaces  of  Certain  Animals' — observations  which  were 
preliminary  to  the  discovery  of  the  existence  of  cilia  in  vertebrates.  And  it  was 
not  until  1836  that  he  was  called  to  the  newly  instituted  professorship  of  Anatomy 
and  Physiology  in  University  College,  London,  which  he  filled  for  so  many  years 
with  such  signal  success.  Both  of  these  distinguished  men  owed,  there  is  no  doubt, 
their  success  as  teachers  of  Physiology  to  their  early  anatomical  training.  The  general 
anatomical  bent  of  Johannes  Miiller  is  evidenced  by  the  fact  of  his  scientific  work 
being  turned  so  much  in  the  direction  of  Comparative  Anatomy  and  Physiology.  And 
Sharpevy  although  great,  and  deservedly  great,  as  a  teacher  of  Physiology,  remained 
to  his  dying  day,  above  all,  an  anatomist.  Physiologists  of  this  school  are  rare  at 
the  present  day ;  but  it  is  probable  that  in  some  respects  the  progress  of  Physiology 
may  sufiVr  thereby.  Helmholtz  began  his  public  career  as  professor  of  Anatomy ;  but 
it  would  be  unfair  to  attach  too  much  weight  to  this  particular  incident  in  the  case 
-of  so  many-sided  a  man  as  the  great  Berlin  Professor  of  Physics.  Nevertheless,  the 
necessity  of  a  close  and  careful  training  in  Anatomy  for  those  who  are  afterwards 
to  work  at  or  to  teach  Physiology  is  so  important  that  I  do  not  hesitate  to  say  that 
the  younger  physiologists  who  neglect  the  study  of  Anatomy  will  find  that  before 
very  long  they  must  abandon  the  pursuit  of  many  byways  of  Physiology  which 
might  otherwise  be  followed  up  with  manifest  advantage. 

The  infiuence  of  Johannes  Miiller  upon  the  revival  of  the  pursuit  of  Scientific 
Physiology  in  Germany,  and  indeed  generally,  cannot  be  overestimated.  We 
have  only  to  look  at  the  names  and  eminence  of  his  pupils  in  order  to  recognise 
the  immense  influence  which  his  teaching  has  exerted  upon  the  progress  of  Phvsio- 
logy  ever  since  his  time.  Some  of  these  pupils  are  still  amongst  us,  others  have 
jomed  the  majority.  But  the  pupils  of  these  men,  again,  are  now  great  names  in 
many  departments  of  our  science,  and  through  them  we  cannot  fail  to  recognise  the 
influence  which  was  exerted  by  this  truly  great  man. 

We  may  say  the  same  in  almost  identical  words  of  William  Sharpey.  The 
practical  pursuit  of  Physiology  in  this  country  has  mainly  radiated  from  the  centre 
where  Sharpey  taught.  Michael  Foster  was  his  pupil.  The  physiological  investiga- 
tions of  Burdon-Sanderson  were  assisted  and  encouraged  by  him.  From  Sharpey, 
therefore,  we  may  trace  the  rise  of  the  great  school  of  Physiology  at  Cambridge, 
and  we  have  only  to  look  at  the  magniflcent  laboratory  which  has  been  erected 
here  to  observe  a  monument  of  the  influence  of  the  same  teacher.  And  there  have 
emanated  either  directly  from  the  physiological  school  established  by  Sharpey  at 
University  College,  or  indirectly  from  those  at  Cambridge  and  Oxford,  many  of  the 
most  active  teachers  and  workers  in  Physiology  in  the  kingdom. 

In  these  respects  there  is  much  in  common  between  the  revival  of  Physiology 
in  Germany  ana  in  this  country.  In  other  respects,  however,  the  two  cases  have 
been  entirely  under  diflerent  conditions.  There  its  revival,  in  common  with 
^  that  of  science  generally,  has  been  assisted  and  stimulated  by  the  active  and 
beneficent  co-operation  of  every  German  State.  Here,  also  in  common  with 
science  generally,  it  has  had  to  make  its  way  against  every  conceivable  obstacle ; 
and  almost  without  assistance,  either  moral  or  material,  from  the  Government  or 
from  public  bodies.  But  not  only  has  it  not  met  with  assistance,  there  have  been 
actual  obstacles  placed  in  the  way  of  teaching  and  work  in  Physiology.  Some  have 
been  unintentional,  others  intentional.  As  an  instance  of  the  unintentional  may 
be  mentioned  the  practice  which  has  obtained  in  medical  schools  and  on  examining 
boards — a  practice  which,  I  am  happy  to  say,  is  gradually  being  discarded — of 
appointing  as  teachers  and  examiners  in  Physiology  men  who  may  have  a  good 
general  knowledge  of  the  science,  yet  with  whom  it  is  not  the  business  of  their  Uves, 
and  who  cannot,  therefore,  be  expected  to  be  as  familiar  with  its  details,  and  as 
absorbed  in  its  interests,  as  those  who  devote  their  entire  time  and  attention  to  its 
pursuit. 
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The  more  virulent  oppontion,  in  some  measure,  to  science  generally,  but  in  the 
greatest  measure  to  Physiology,  appeared  almost  simultaneously  with  the  active 
revival  of  the  subject.  This  opposition,  which  has  come  to  be  known  as  the  Anti- 
vivisection  Movement,  but  which  might  equally  well  bo  called  the  Anti-8cienti£e 
Agitation,  has  hitherto  met  with  no  measure  of  success,  except  that  it  has  to  a 
certain  extent  hampered  the  full  development  of  the  science  by  diverting  to  its 
defence  some  of  the  energy  which  might  be  devoted  to  its  pursuit.  Indeed,  the 
actual  results  of  this  unreasoning  agitation  furnish  an  illustration  of  the  old-esta- 
blished principle  that  persecution  of  a  good  cause  will  in  the  long  run  tend 
towards  its  development  and  propagation.  And  in  this  case  the  chief  results  have 
been  the  following : — 

1.  The  most  immediate  effect  of  the  anti-vivisectiontst  attack  was  the  establish- 
ment of  the  Physiological  Society,  which  in  the  first  instance  was  only  a  small 
lathering  of  working  physiologists,  who  met  to  discuss  measures  of  defence 
in  a  drawing-room  in  Queen  Anne  Street.  This  society,  which  had  such  a  small 
beginning,  is  now  large  and  important.  Its  doors  are  besieged  by  applicants  for 
admission,  although  it  is  a  neces»ty  for  such  admission  that  the  applicant  be  either 
a  teacher  of  Physiology  or  a  worker  at  Physiology,  or  both.  Its  numerical  strengOi 
has  grown  from  ten  or  fifteen  to  more  than  150 ;  and  its  numbers  are  every  year 
increasing.  And,  besides  the  work  which  it  has  done  in  this  country  in  promoting'  the 
interests  of  Physiology,  and  co-operation  between  English  physiologists,  it  has  suc- 
ceeded in  establishing  a  succession  of  Triennial  International  €k)ngre8se8  of  Physio- 
logy, which  are  amongst  the  most  successful  of  such  gatherings,  and  which  have 
been  the  means  of  bringing  us  into  communication  with  the  most  prominent 
physiological  workers  ana  t^ichers  on  the  Continpnt. 

*^2.  A  second  result  of  the  agitation  was  the  passing  of  the  so-called  Cruelty 
to  Animals  Act.  This  Act,  which  was  intended  to  restrict  the  perfoTraanoe 
of  experiments  upon  animals,  was  in  no  sense  called  for,  since  it  had  been  found 
by  a  Koyal  Commission  that  there  was  no  evidence  to  show  that  there  had  been 
Tinneceesaty  experimentation  upon  animals,  or  any  desire  on  the  part  of  physio- 
logists to  neglect  the  use  of  ansBsthetics.  On  the  other  hand,  it  is  of  inestimable 
advantage  in  that  it  gives  the  public  a  definite  guarantee  that  the  excesses 
of  which  physiologists  used  to  be  freely  accused  are  not  possible.  Such  excesses 
never  did  actually  occur ;  although,  to  believe  all  the  publications  which  have  been 
issued  by  Anti-vivisection  Societies,  one  would  come  to  the  conclusion  that  a 
physiologist  is  a  being  who  spends  his  whole  time  in  torturing  sensitive  Greatuies, 
careless  of  the  suffering  whicn  he  may  cause,  or  even  of  the  scientific  results  which 
he  may  obtain.  The  fanatical  supporters  of  the  agitation  would  have  you  to 
believe  that  we  are  all  neither  more  nor  less  than  *  fiends ; '  they  cry  with  Ferdinand 
that '  hell  is  empty  and  all  the  devils  are  here.* 

I  am  told  there  was  even  a  feeling  of  this  sort  in  this  University  at  the  time 
when  it  was  proposed  to  establish  the  Wayneflete  Professorship  of  PhVsiology,  and 
that  an  agitation  was  set  on  foot  having  for  its  object,  first,  the  prevention  of 
the  establishment  cf  such  professorship ;  and  secondly,  that  being  impossible,  the 

frevention  of  the  professor's  practising  Physiology.  The  common-sense  of  the 
Jniversity  stifled  this  agitation,  and  the  more  intimate  acquaintance  with  physio- 
logists which  has  resulted  from  the  establishment  of  the  school  has  been  sufficient, 
I  believe,'  to  smother  the  little  fire  which  was  still  left  smouldering. 

3.  A  third  result  of  the  Anti-vivisection  Agitation  was  the  establishment 
of  the  Association  for  the  Advancement  of  Medicine  by  Research.  This  imme- 
diately followed  a  unanimous  resolution  of  the  International  Medical  Congress 
of  1881,  affirming  the  necessity  of  experiments  upon  animals.  To  the  ignorant 
accusation  that  physiological  experiments  had  been  and  were  of  no  me  or  influence 
in  the  advancement  of  medicine,  the  leaders  of  the  profession  unanimously  affirmed 
that  it  is  upon  Physiology  that  Medicine  and  Surgery  are  based,  and  that  there  can 
be  no  real  progress  in  those  sciences  without  a  corresponding  progress  in  Experi- 
mental Physiology  and  Pathology.  The  Association  for  the  Advancement  of 
Medicine  by  Research  has  been  of  the  greatest  possible  value  and  assistance  to 
Physiology  in  this  country.    It  has  shown  phvAiologists  that  they  have  the  great 
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medical  profesBion  at  their  liack,  and  it  has  acted  as  an  impartial  and  independent 
medium  of  commnnication  betweiBa  physiologists  and  the  successive  Secretaries  of 
State,  whose  business  it  has  been  to  vdminister  the  Act. 

4.  A  fourth  result  of  the  attacks  of  the  anti-vivisectionists  has  been,  I  may 
perhaps  be  permitted  to  believe,  the  re-establishment  of  this  Section  of  Fhy- 
aiology  of  the  British  Association.  Those  who  were  present  at  the  meeting  of  the 
Association  in  Nottingham  may  have  remarked  that  tne  gutters  of  that  town  were 
strewn  with  papers  which  had  been  forced  upon  the  members  of  the  Association 
by  the  anti-vivisectors  of  the  place.  This  literature,  which  in  a  double  sense  may 
be  termed  *  gutter  literature/  teemed  with  flagrant  misstatements,  and  with  vicious 
calumnies,  mrected  against  physiologists,  and  especially  called  forth,  I  presume,  by 
the  fact  tiiat  for  the  tirst  time  in  thehistory  of  the  British  Association  a  physiologist 
was  called  upon  to  occupy  the  presidential  chair.  We  mav  look  upon  the  esta- 
blishment of  this  Section  as  the  reply  of  the  Association  to  the  false  witness  which 
was  borne  against  us  at  Nottingham. 

But  although  a  special  section  for  Physiology  has  been  re-established,  it  may 
not  be  advantageous  that  there  should  be  one  at  every  meeting  of  the  Association. 
Physiology  is  above  all  things  a  practical  science.  It  requires  laboratories  and 
means  of  demonstration.  Physiologists  are  rarely  satisfied  witli  the  opportunity 
of  hearing  and  reading  papers,  but  require  that,  as  much  us  }>od3ib!e,  the  actual 
methods  of  research  employed  should  be  capable  of  demonstration.  By  thi^I  am 
not  to  be  supposed  to  advocate  the -demonstration  of  experiments  upon  animals, 
for  there  are  very  many  subjects  in  Physiology  which  can  he  both  worked  at  and 
illustrated  in  a  manner  mvolvinff  in  no  sense  whatever  the  word  vivisection.  But  in 
order  that  Hie  methods  should  be  shown,  it  is  important  to  have  the  appliances 
of  a  laboratory  at  hand,  and  the  Association  fre(^uently  meets  in  towns  which 
are  not  university  towns,  and  have  no  laboratories,  m  which,  therefore,  it  would  be 
difficult  or  impossible  to  arrange  for  demonstrations  of  the  sort  that  I  am  alluding 
to.  On  this  account  we  may  well  imitate  the  practice  of  the  British  Medical 
Association,  which  establishes  a  Section  of  Physiology  only  when  its  meetings  are 
h^d  in  such  a  centre  as  is  likely  b^  the  applitunces  which  are  to  be  found  in  that 
centre  to  render  the  Section  useuil  and  efficient.  Hence,  in  recommending  the 
establishment  of  a  Physiological  Section,  it  is  expressly  reserved  that  the  Section 
shall  be  held  only  at  such  future  meetings  as  may  seem  to  the  Council  to  be 
desirable.  * 

I  will  now  invite  yon  to  consider  with  me  one  or  two  of  the  more  obscure 
subjects  in  the  range  of  Physiology,  subjects  which  are,  however,  creating  a  great; 
almost  an  absorbing,  interest  at  the  present  moment.  The  first  of  these  sub* 
jects  relates  to  the  structure  and  function  of  every  cell  in  the  body.  All  are 
aware  that  the  body  of  every  animal  and  of  every  plant  is  made  up  of  minute 
corpuscles  which  are  formed  of  protoplasm,  and  which  contain  in  every  case  at 
least  one  nucleus.  The  protoplasm  ana  the  nucleus  form  the  living  substance  of 
the  oeU.  Other  substances  may  be  present,  but  the^  are,  in  a  sense,  outside  the 
nucleus  and  protoplasm,  not  incorporated  with  their  substance.  Apart  from  a 
few  details  relating  to  the  structure  of  the  nucleus,  this  was,  until  quite  lately, 
practically  all  that  we  knew  regarding  the  parts  composing  either  the  animal  or 
the  yegetaUe  cell.  There  appears,  however,  to  be  yet  another  something  which, 
dUioogh  in  point  of  size  it  is  of  very  insignificant  dimensions,  yet  in  point  of 
fanction  may  perhaps  be  looked  upon  as  transcending  in  importance,  in  some 
respects,  boUi  the  protoplasm  and  the  nucleus.  Not  many  years  ago  it  was 
noticed  by  various  observers  that  in  certain  specialised  animal  cells  the  proto- 
plaan  showed  a  tendency  to  radiate  from  or  converge  towards  a  particular  point, 
and  on  farther  investigation  it  was  found  that  at  this  point  there  was  a  minute 
particle.  This  observation,  which  began,  as  we  have  seen,  upon  specialised  cells, 
was,  after  a  little  while,  found  to  hold  good  for  other  and  yet  other  cells,  until,  at 
the  present  time,  we  believe  that  in  every  cell  of  the  animal  or  plant  body  such  a 
partide  exists.  Now,  it  may  well  be  asked,  why  after  all  should  so  great  importance 
be  attached  to  this  observation  P  To  this  it  may  be  replied  that,  in  the  first  place, 
it  is  of  importance,  because  it  shows  conclusively  that  the  whole  cell  is  not  of  a 


Digiti 


ized  by  Google  _ 


800  REPORT— 1894. 

uniform  nature,  since  there  is  this  one  point  within  the  cell  that  exerts  a  special 
attraction  upon  the  i*e8t  of  the  cell-substance ;  and,  indeed,  on  this  account  tha 
particle  has  come  to  be  termed  the  '  attraction  particle/  And  in  the  second  place, 
oecause  of  the  apparent  imiversality  of  the  occurrence  of  such  a  particle.  And, 
tiiirdly,  because  of  the  fact  that  one  of  the  most  important  phenomena  exhibitad 
by  the  cell  hinges  upon  the  behaviour  of  this  particle  ;  for  it  is  found  that  before  a 
cell  or  its  nucleus  divides  this  minute  attraction  particle  begins  by  itself  dividing, 
and  is,  in  fact,  more  commonly  met  with  double  than  single.  Nor  is  it  until  tJie  two 
particles  thus  produced  have  evolved,  either  from  themselves  or  from  the  snbetance 
of  the  protoplasm  or  nucleus,  a  system  of  communicating  fibres,  the  so-called  ackro-- 
matic  spindle,  that  those  changes  in  the  nucleus  and  protoplasm  take  place  which 
produce  the  division  and  multiplication  of  the  cell.  This  attraction  particle,  which 
IS  also  called  the  central  particle  or  centrosome,  has  absorbed  so  great  an  interest 
that,  short  as  is  its  history,  many  papers  have  already  been  devoted  mainly  to  it,  tiie 
latest  of  these  being  an  elaborate  treatise  of  some  300  pages  by  Martin  Heidenhain. 
I  shall  not  here  attempt  to  follow  out  the  details  of  all  these  researches,  but  will  be 
satisfied  with  putting  oefore  you  the  conclusion  which  Heidenhain  has  come  to  re- 
garding this  particle,  viz., '  that  it  is  morphologically,  physiological  Ij, 
and  chemically  a  structure  Bui  generis;  not  merely  a  separate 
portion  of  nucleus  or  of  protoplasm,  but  an  organ  of  the  cell 
with  definite  functions,  and  having  a  definite  existence  of  its 
own.'  Nevertheless,  it  is  almost  as  minute  an  object  as  it  is  possible  to  con- 
ceive. In  a  cell  which  is  magnified  a  thousand  diameters  the  central  particle 
appears  merely  the  size  of  a  pin-point.  Yet  this  almost  infinitely  small  object 
exerts  an  extraordinary  influence  over  the  whole  cell,  however  lai^re  (and  the 
cell  may  be  many  thousand  times  its  size),  for  it  initiates  and  directs  those 
processes  which  result  in  the  multiplication  of  the  cell,  and  indirectly,  therefore,  it 
IS  concerned  in  directing  the  general  growth  of  the  individual,  and  ultimately  the 
propagation  of  the  species. 

A  former  President  of  the  Association  took  as  the  subject  of  his  presidential 
address  what  he  was  pleased  to  call  the  '  Next  to  Notbin^irs.'  In  considering  this 
central  particle,  of  the  actual  structure  of  which,  and  of  its  chemical  constitution, 
we  know  at  present  hardly  anything,  we  may  surely  regard  it  as  a  striking  instance 
of  the  supreme  importance  of  the  '  next  to  nothing'  in  Physiology. 

The  other  subjects  to  which  I, desire  to  draw  vour  especial  attention  relate  to 
the  phydology  of  certain  organs  the  functions  of  which  have  always  been  extremely 
obscure,  and  which,  although  thev  differ  greatly  from  one  another  in  almost  every 
point  of  structure,  and  presumably  also  in  function,  it  has  been  usual  to  group 
together  under  the  name  of  ductless  glands.  The  name  *  gland '  is  given  to  sucn 
organs  of  the  body  as  take  materials  from  the  blood,  and  convey  those  materials 
in  an  altered  or  unaltered  form,  by  a  tube  or  duct,  to  a  surface  either  internal  or 
external.  Such  material  is  termed  the  secretion  of  the  gland,  and  has  for  its  object 
either  the  performing  some  function  which  is  useful  to  the  organism  or  the  getting 
rid  of  material  which  would  be  detrimental  If  retained.  In  the  case  of  the  ductless 
glands  there  is  no  such  possibility  of  pouring  out  material  produced  by  the  gland 
upon  a  surface,  because  these  organs  do  not  communicate  with  any  surface  oy  a 
duct ;  and  Whatever  material  they  may  furnish  must  therefore,  if  it  is  to  reach  the 
hody  generally,  pass  into  the  blood ;  that  is  to  say,  the  blood  on  the  one  band 
must  furnish  the  materials  for  the  secretion  of  the  gland,  and  on  the  other  hand 
it  must  take  up  those  materials  after  they  have  been  manufactured  into  something 
else,  and  carry  them  away  to  other  parts  of  the  body.  Now,  in  the  case  of  a 
certain  number  of  the  ductless  glands  there  has  not  appeared  to  be  any  very  great 
obscurity  as  to  their  function  ;  for  some  of  them  seem  yery  obviously  to  be  devoted 
to  the  formation  of  corpuscles  which  are  found  within  the  blood  itself.  But  with 
regard  to  others  of  these  bodies  it  has  not  hitherto  been  possible  to  find  any  special 
material  in  the  blood  which  they  have  furnished  to  it,  and  our  knowledge  of 
them  IB  derived  almost  entirely  from  experiments.  I  will  take  the  case  of  two 
of  these  to  illustrate  the  vast  influence  which  small  and  almost  disregarded 
organs  may  exert  upon  the  whole  economy.    But  in  the  flrst  place  I  may  be  per- 
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mitted  to  point  out  what  is  indeed  ft  flelf-evident  stfttement,  that  there  is  no  part 
of  the  body  -which  does  not  exert  some  influence  upon  the  rest.  Every  single 
portion  of  the  body  is  continually  taking  materials  firom  the  blood,  and  furnishmg 
to  the  blood  other  materials  which  are  formed  within  it,  whether  we  call  that 
portion  which  performs  such  functions  a  gland  or  not ;  and  it  is  quite  certain  that 
the  removal  of  any  portion  of  the  body  would  be  followed  by  some  permanent 
alteration  in  the  blood  were  it  not  that  other  similar  parts  may  hj  increased 
activity  compensate  for  the  alterations  which  the  blood  would  otherwise  undergo 
from  the  loss  of  any  one  such  part.  Take  the  case  of  a  limb.  The  changes  which 
the  blood  undergoes  in  circulating  through  it  afllect  the  body  ^nerally  through 
that  fluid,  for  the  composition  of  the  blood  becomes  modified  in  traversing  the 
limb.  And  not  only  is  the  body  afiected  thus  through  the  medium  of  the  blood, 
but,  by  means  of  the  nerves  which  pass  to  and  from  the  limbs,  the  central  nervous 
system  is  itself  aflected  by  the  movements  and  alterations  of  various  kinds  which 
are  proceeding  in  the  muscles  and  other  parts,  and  through  the  nervous  system  the 
whole  organism  must  constantly  be  influenced  from  the  limb.  There  is,  however, 
no  evidence  that  the  removal  of  a  limb  or  part  of  a  limb  permanently  modifies 
either  the  condition  of  the  blood  or  of  the  nervous  system.  Nor  is  such  a  result  to 
be  expected,  for  in  this  case  there  are  other  parts  of  the  body  possessing  similar 
organs  and  performing  similar  functions,  the  increased  activity  of  which  may  easily 
compensate  for  the  loss  which  is  sustained  through  removal  of  such  a  part. 

But  if  we  deal  with  an  organ  which  is  not  multiple,  but  unique,  and  com- 
pletely remove  this  from  the  body,  it  is  easy  to  see  that  the  case  may  be  yery 
diflerent.  This  organ,  like  every  other  organ  of  the  body,  is  continually  taking 
from  the  blood  some  materials  and  giving  up  to  it  certain  other  materials.  Now 
it  is  clear  that  its  removal  must  maice  a  permanent  difference  in  the  blood,  and, 
since  the  whole  organism  is  remarkably  sensitive  to  even  slight  changes  in  the 
composition  of  the  circulating  fluid,  very  marked  results  may  well  follow  the 
removal  of  such  organ.    And  this  is  in  fact  found  experimentally  to  be  the  case* 

It  has  long  been  known  that  extensive  disease  of  the  thyroid  gland,  a  small 
reddish  organ,  weighing  about  one  or  two  ounces,  found  at  the  front  of  the  throat, 
is  followed  by  extensive  alterations  in  the  nutrition  of  the  body  generally.  The 
patient  becomes  swollen  from  the  overloading  of  the  connective  tissues  with  a 
mucinous  exudation ;  the  nervous  and  muscular  systems  are  seriously  afiected ; 
the  power  of  generating  heat  is  greatlj  modified ;  and  the  final  result  is,  in  the 
first  mstance,  the  production  of  a  condition  of  semi-idiocy,  ultimately  followed,  if 
the  disease  be  extensive,  by  death.  Precisely  amilar  results  have  been  found  in 
animals,  and  in  fact  in  man  as  well,  to  follow  the  complete  removal  of  this  body. 
Yet  the  weight  of  this  organ  is  not  more  than  one  sixteen-hundredth  part  of  the 
whole  weight  of  the  body ;  and  even  this  figure  does  not  represent  the  enormoud 
influence  which  a  relatively  small  orgoji  can  exert  upon  the  general  nutrition^ of 
the  body ;  for  it  is  found  tnat  even  if  a  minute  part  of  the  thyroid  gland  be  left 
whilst  the  greater  part  is  removed,  the  symptoms  above  enumerated  do  not  super- 
vene. Indeed,  certain  contradictory  results  which  have  been  gc  t  by  some  observers- 
after  removal  of  the  thyroid  are  explained  by  the  fact  that  in  some  individuals 
there  are  minute  detached  particles  of  thyroid  gland  lying  apart  from  the  main 
organ ;  and  that  after  the  latter  has  been  removed  these  detached  particles  may 
sufliciently  carry  on  the  function  of  the  organ  in  relation  to  the  blood  and  the- 
nervous  system  to  prevent  the  supervention  of  the  deleterious  symptoms  which 
usually  occur  after  its  removal.  Iiere  is,  then,  a  notable  instance  of  the  enormous 
influence  exerted  by  a  '  next  to  nothing '  upon  the  general  organism. 

Another  illustration  may  be  given  from  these  ductless  gland?.  It  was  noticed 
in  1849  by  a  celebrated  physician,  l^r.  Addison,  of  Guy's  Hospital,  that  certain 
cases,  accompanied  by  extreme  debility,  occurring  in  the  human  subject  were 
associated  with  the  appearance  of  peculiar  bronzed  patches  on  parts  of  the  skiii 
and  mucous  membranes ;  and  on  post-mortem  examination  of  these  cases,  which 
always  sooner  or  later  have  a  fatal  termination — and  indeed  sooner  rather  than 
later — he  foimd  the  symptoms  in  question  to  be  accompanied  by  disease  and  destruc- 
tbn  of  the  supraF*renal  capsules — small  bodies  which  are  placed  close  to  the  kidneys. 
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but  whiehy  bo  fu  aa  we  know,  have  no  physiological  connection  with  them.    No^j 
when  experiments  came  to  be  directed  upon  these  bodies  in  order  to  elucidate  their 
functions,  and  especially  to  observe  whether  their  injury  or  removal  was  accom- 
panied in  animals  also  by  symptoms  similar  to  those  occurring  in  man  as  the  reenlt 
of  disease,  it  was  found  by  Brown^-S^uard  that  when  these  bodies  are  totally 
removed  in  anv  animal  the  removal  is  speedily  followed  by  a  fatal  result.     Theee 
experiments  of  Brown-S^uard's  were  made  in  1858,  and  at  the  time  attracted  some 
attention.  They  were  repeated  by  other  experimenters  with  similar  efiects.  But  some 
of  those  who  removed  the  supra-renal  capsules  obtained  contrary  results,  and  for 
many  years  the  matter  remained  in  an  unaecided  condition.    It  was  even  supposed 
that  the  fatal  results  which  were  got  by  Brown-S^quard  might  be  due  to  the  shock 
of  the  operation  or  to  the  fact  that  the  removal  necessarily  involves  certain  parts  of 
the  %y  mpathetic  nervous  system,  and  were  not  necessarily  due  to  the  removal  of  the 
supra-renals.    Recentlv,  however,  attention  has  been  again  directed  to  the  subject^ 
and  the  experiment  of  Brown-S^uard  has  been  repeated  by  Tizzoni  (1880)  and 
b^Abelous  and  Langlois  (1891  to  1894)  in  various  animals — viz.  frogs,  guinea- 
pigs,  rabbits,  and  dogs.    I  have  myself  performed  confirmatory  experiments  in 
monkeys.    The  result  of  all  these  recent  observations  is  to  show  that  the  complete 
removal  of  the  supra-renal  capsules  is  not  compatible  with  prolonged  existence  of 
life ;  and  Abelous  and  Langlois  have  shown  that  it  is  accompanied  by  an  alteration 
in  the  blood,  which  renders  that  fluid  poisonous  to  other  animals.    The  contrary 
results  which  have  been  obtained  by  some  investigators  are  apparently  due  to  tlm 
fact  that  in  certain  cases  there  are,  as  with  the  thvroid  body,  small  isolated  poi^ 
tions  of  supra-renal  substance  ('  accessory  capsules,  as  they  are  sometimes  called) 
which  have  not  been  noticed  and  removed  at  the  time  of  the  operation,  and  that 
tiiese  small  portions  of  supra-renal  substance  have  served  to  maintain  that  proper 
relation  between  the  blood  and  the  gland  which  is  sufficient  to  prevent  the  super- 
veotion  of  the  symptoms  in  question. 

Now  the  weight  of  both  supra-renal  capsules  taken  together  is  not  more  than 
three  drachms,  and  their  weight,  as  compared  with  that  of  the  whole  body,  is  only 
as  1  to  6,000  or  lees.  The  accessory  supra-renal  capsules  which  may  be  left  after 
the  removal  of  the  main  bodies  proMibly  do  not  originally  weigh  more  than  one* 
twentieth  of  the  whole  structure,  and  yet  this  minute  proportion  of  material  (a 
material,  so  far  as  we  know,  imique  in  the  organism)  is  nevertheless  sufficient  to 
maintain  the  composition  of  the  blood  and  the  nutritive  equilibrium  of  the  body, 
and  thus  to  prevent  the  necessarily  fatal  result  of  complete  removal. 

Now  it  has  been  found  in  the  case  of  the  thyroid  gland  that  patients  in  which 
this  structure  has  been  so  diseased  that  its  function  is  seriously  interfered  with,  and 
animals  in  which  it  has  been  removed  entirely,  may  be  ffreatlv  benefited,  if  not  indeed 
cured,  by  the  inception,  either  subcutaneoudy  or  with  fooa,  of  the  thyroid  glands 
i)f  animals,  or  of  the  juice  of  such  glands.  Even  where  no  affection  of  the  thyroid  can 
actually  be  detected,  the  exhibition  of  thyroid  juice  b  frequently  beneficial m  certain 
conditions  of  the  system ;  and  it  was  noticed  by  Dr.  Oliver,  of  Harrogate,  that  this 
is  especially  the  case  where  there  is  a  too-marked  constriction  of  the  blood-vessels^ 
the  juice  of  this  body  tending  in  such  cases  to  reduce  the  extreme  tone  of  the  vascular 
walls,  which  is  the  cause  of  this  condition.  Encouraged  by  this  result,  Dr.  Oliver 
was  led  to  examine  the  effects  of  other  animal  extracts,  and  among  them  that  of 
extract  of  supra-renal  capsule.  The  effect  of  this  was  precisely  the  reverse  of  that 
which  he  had  got  with  the  thyroid  body,  for  he  obtained  evidence  tending  to  show 
that  in  certain  cases  in  man  extract  of  supra^renal  capsule  can  produce  an  tncreate 
of  vascular  tone  and  a  diminution  in  the  size  of  the  arteries.  Beyond  this  point, 
however,  Dr.  Oliver  was  unahle  to  proceed  by  clinical  experiment,  and  he  accord- 
ingly came  to  my  laboratory  with  the  object  of  determining  the  precise  physiolo- 
gicfli  effect  of  the  active  substance  of  the  capsules.  The  results  which  were  obtained 
show  that  there  is  present  in  both  alcoholic  and  watery  extracts  of  the  gland  a 
most  potent  physiological  substance  which  when  injected  into  the  body  of  an 
animal  produces^  even  in  minute  doses,  a  remarkable  effect  upon  certain  parts  of 
the  nervous  system,  upon  the  muscular  system,  upon  the  heart,  and  upon  the 
blood-vessels.    If  only  as  much  as  a  grain  by  weight  of  supra-renal  capsule  be  ex^ 


Digitized  by  VjOOQIC 


TRANSACTIONS  OF  SECTION  I.  808 

tneted  with  tlooholi  and  if  this  alcoholic  eztnot  he  idlowed  to  diy,  and  tiheii  htf 
rediasolTed  in  a  little  water  or  salt  eolation  and  injected  into  the  hlood  of  a  dog, 
the  reealte  which  are  obtained,  considering  the  minute  amount  of  euhetanoe  addd 
to  the  blood,  are  certainly  most  extraordinanr.  The  nervous  centre  which  regulates 
the  action  of  the  heart  is  powerfuUj  affected,  so  that  the  heart  either  beats  very 
dowly  and  weakly,  or  the  auricles  may  even  for  a  time  stop  beating  altogether. 
If,  however,  these  inhibitory  influences  be  cut  off  by  division  of  the  vagi  nerves,  Uie 
effect  of  the  poison  upon  the  heart  is  of  an  opposite  character.  There  is  great  acoele^ 
ration  of  the  rato  of  the  heat  and  a  great  increase  of  force.  This  is  accompanied  by 
a  strongly  marked  influence  upon  tne  blood-vessels,  and  especially  upon  the  arte- 
rioles. The  walls  of  these  are  chiefly  muscular,  and  the  drug  exerts  so  powerM 
an  action  upon  this  muscular  tissue  ss  to  cause  the  calibre  of  the  vessels  to  be 
almost  obliterated.  The  heart  being  thus  increased  in  force  and  accelerated,  and 
the  calibre  of  the  vessels  almost  obliterated,  the  result  is  to  raise  the  pressure  of 
the  blood  within  the  arterial  system  to  an  enormous  extent,  so  that  from  a  blood- 
pressure  which  would  be  sufficient  to  balance  a  column  of  some  four  inches  of 
mercury  the  pressure  may  rise  so  high  as  to  be  equal  to  a  column  of  mercury  of 
twelve  or  more  inches. 

This  result  is  obtained,  as  we  have  seen,  by  a  very  minute  dose.  We  have  to 
do  here  with  a  substance  which  is  as  potent,  although  in  a  different  direction,  as 
etrychnia.  Whether  it  is  a  useful  substance  formed  by  the  supra-renals  from 
materials  furnished  by  the  blood,  and  subsequently  gradually  used  in  the  economy 
for  the  virtue  of  its  action  upon  the  circulatory  system,  or  whether  it  is  to  be 
regarded  as  a  poison,  formed  oy  the  tissues  during  their  activity  and  carried  by 
the  blood  to  the  supra-renals,  there  to  be  rendered  innocuous,  we  do  not  as  yet 
certainly  know.  Tnese  are  important  points  which  must  form  the  subject  of 
further  invesdgalaoB.  But,  however  this  mav  be,  it  is  dear  that  in  this,  gland 
also  we  again  meet  with  an  instance  of  the  physiological  importance  of  what  Sir 
Frederick  Bramwell  called  the  *  next  to  nothing.' 

I  will  give  one  more  instance,  taken  this  time  from  a  gland  which  is  provided 
with  a  duct.  Until  quite  recently  it  might  have  been  thought  that  there  was 
nothing  very  obscure  regarding  the  functions  of  the  pancreas.  The  pancreas  is  a 
digestive  gland  which  lies  below  and  behind  the  stomach :  it  has  a  duct  which 
carries  its  secretion  into  the  beginning  of  the  intestine,  and  that  secretion  acta 
powerfully  upon  all  constituents  of  the  food,  digesting  starch,  meat,  and  fat.  It 
was  not  supposed  that  the  pancreas  had  any  other  function  to  perform.  Animals 
can  live  without  this  secretion,  and  to  a  large  extent  can  continue  to  digest  and 
absorb  their  food  much  as  before ;  for  it  has  been  possible  to  divert  the  secretion 
from  the  intestine  and  to  collect  it  at  the  surface  of  the  boily ;  and  it  is  found 
under  these  circumstances  that,  although  the  food  is  not  quite  so  readily  digested, 
nevertheless  the  animal  does  not  materially  suffer  from  the  lack  of  the  secretion. 
It  was  discovered,  however,  a  few  years  a^ro  (by  v.  Mering  and  Minkowski) 
that  if,  instead  of  merely  diverting  its  secretion,  tlie  pancreas  is  bodily  removed, 
the  metabolic  processes  of  the  organism,  and  especially  the  metabolism  of  carbo- 
hydrates, are  entirely  deranged,  the  result  being  the  productiim  of  permanent 
diabetes.  But  if  even  a  very  small  part  of  the  gland  is  left  within  the  body,  the 
carbohydrate  metabolism  remains  unaltered,  and  there  is  no  diabetes.  The  small 
portion  of  the  organ  which  has  been  allowed  to  remain  (and  which  need  not  even 
be  left  in  its  proper  place,  but  may  be  transplanted  under  the  skin  or  elsewhere) 
is  sufficient,  by  the  exchanges  which  go  on  between  it  and  the  blood  generally,  to 
prevent  chose  serious  consequences  to  the  composition  of  the  blood  and  the  general 
constitution  of  the  body  which  result  from  tne  complete  removal  of  this  organ. 
Now,  some  yean  ago  it  was  noticed  by  Kiihne  and  Sheridan  Lea  that,  besides  its 
proper  secretmg  structure  composed  of  tubular  alveoli,  lined  by  granule-containinff 
cells,  there  are  highly  vascular  patches  of  peculiar  epithelium-like  cells  scattered 
here  and  there  in  the  substance  of  the  pancreas,  which  are  wholly  unconnected 
with  the  ducts  and,  so  far  as  one  can  judge,  with  the  secretion  of  the  gland.  We 
do  not  know  anything  whatever  about  the  function  of  these  patche.<>,  althoogh 
from  their  vascularity  it  is  extremely  probable  that  they  are  not  without  impox- 

Digitized  by  VjOOQIC 


804  KEPOBT— 1 894. 

tanoe  pb^siologicallj,  and  it  is  tempting  to  conjectare  that  it  is  theae  cells  wfaidi 
are  apecially  ooncenied  in  effecting  that  influence  upon  the  metaboliam  of  carbo- 
hydrates  which  experiment  has  shuwn  to  be  peculiar  to  the  pancreas. 

The  lesBon  to  be  drawn  from  these  results  is  clear.  There  is  no  OTg9Xi  of  the 
body,  however  small,  however  seemingly  unimportant,  which  we  can  presome  to 
neglect ;  for  it  may  be,  as  with  the  supra-ren&l  capsules,  the  thyroid  irland,  and 
the  pancreas,  that  the  balance  of  assimilation  and  nutrition,  upon  the  proper  main- 
tenance of  which  the  health  of  the  whole  organism  immediately^  depends,  hinges 
upon  the  integrity  of  such  obscure  structures ;  and  it  is  the  maintenance  of  this 
balance  which  constitutes  health — its  disturbance,  disease.  Nor,  on  the  othei 
hand,  dare  we,  as  the  investigation  of  the  attraction-particle  has  shown,  afford  to 
disregard  the  most  minute  detail  of  structure  of  the  body. 

'  All  is  ooncentefd  in  a  life  intense, 
Where  not  a  beam,  nor  air,  nor  leaf  is  lost, 
But  hath  a  part  of  being.* 


The  following  Papers  were  read : — 
1.  On  the  Absorption  of  Poisons.     By  Professor  P.  Hkgeb,  BrusgeU. 


2.  On  a  New  Theory  of  Hearing.    By  C.  H.  Hubst,  TKD. 


3.  On  the  Fats  of  the  Liver.     (A  preliminary  CommunicationJ) 
By  D.  Noel  Paton. 

It  is  pointed  out  that  while  the  liver  has  been  demonstrated  to  play  an  impor- 
tant part  in  the  metabolism  of  carbohydrates  and  proteids,  its  possible  connection 
with  the  metabolism  of  fats  has  not  been  investigated. 

In  the  present  series  of  observations  an  attempt  is  made  to  elucidate — 

A.  The  itource  of  Liver  Fats. 

I.  Are  they  directly  stored  from  the  fat  in  the  food  P 

a.  Do  they  accumulate  in  the  liver  after  a  meal  containing  fats  P 

b.  Does  the  quantity  of  fats  in  the  liver  bear  any  proportion  to  the  quantity 

of  glycogen  P 

II.  Are  they  formed  from  the  fats  in  the  adipose  tissue  of  the  body  ? 

a.  Consideration  of  phosphorus  poisoning. 

b.  Relative  amount  of  fats  in  liver  and  adipose  tissue  during  starvation. 

III.  Are  they  formed  during  the  katabolism  of  the  protoplasm  of  liver  cells  ? 

B.  Fate  of  Liver  Fats. 

Before  investigating  these  points  certain  preliminary  observations  were 
necessary. 

1.  What  is  the  best  method  of  extracting  the  fatsP  Sozhlet*s  method  was 
adopted. 

2.  How  much  of  the  ether  extract  is  composed  of  true  'fatsP  '  For  saponifi- 
cation and  estimation  of  the  '  fatty  acids '  the  method  given  by  Hoppe  Sevier, 
the  method  of  Lebedeff,  and  the  method  of  Eossel  and  ObermUller  were  tested. 
The  last  was  found  most  satisfactory. 

A  large  series  of  obeervations  shows  that  the  fatty  acid  in  the  ether 
extract  varies  much — from  40  to  70  per  cent. — averaging  about  66  per  cent 

8.  Is  the  proportion  of  fatty  acids  the  same  m  the  liver  as  in  the  ordi- 
nary fats  of  the  bodyP  Lebedeti['*8  method  was  used.  The  solid  acids  (palmitic 
and  stearic)  are  to  oleic  acid  on  an  avera^  as  1  to  1  '5 ;  in  fishes,  1  to  3*6.  This 
agrees  with  one  or  two  previous  estimations.  In  the  fats  of  the  body  Lebedeff 
found  in  a  lipoma  I  to  2*37,  and  in  subcutaneous  fat  1  to  6*11. 
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"  4.  Is  the  distribution  of  fats  uoiform  throughout  the  liver  P    It  is  found 
to  be  so. 

5.  In  ftuimals  in  the  same  condition  is  the  percentage  amount  of  fat  in  the 
liver  nearly  the  same?  Tea  observatioDS  show  that  Vie  variation  is  usually 
under  6  per  cent.,  while  the  difierence  in  the  amount  of  fatty  acids  is  even 
smaller. 

A.  The  Source  of  Liver  Fats, 

I.  Are  they  directly  stored  from  the  fat  in  the  food  P 

a.  The  amount  of  iats  in  the  liver  at  different  periods  after  food  was  edtimated, 
and,  with  the  exception  of  a  somewhat  doubtful  increase  between  twenty-four  and 
thirty  hours  after  the  meal,  no  change  in  the  amount  of  fat  could  be  determined. 
Further  experiments  on  this  subject  are  being  carried  on. 

6.  Does  tlra  amount  of  fat  bear  any  relationship  to  the  amount  of  glycogen  P 
As  a  result  of  a  large  number  of  estimations  it  is  concluded  that  the  fata  bear 
no  relationship  to  the  amount  of  glycogen. 

II.  Are  they  formed  from  the  I'ats  of  the  adipose  tissue  P 

a.  Much  of  the  work  already  published  on  phosphorus  poisoning  tends  ta 
indicate  that  they  are  so  formed. 

b.  During  starvation  the  amount  of  fats  in  the  body  falls  to  a  much  greater 
extent  than  the  liver  fats,  which  undergo  a  comparatively  small  reduction. 

III.  Are  they  formed  during  the  katabolism  of  liver  protoplasm  ? 

In  the  pott-fnortem  liver  kept  for  several  hours  at  40°  U.  no  change  in  the 
amount  of  fats  has  so  far  been  determined.  Further  experiments  on  this  point 
are  required. 

B.  The  fdte  of  the  liver  fats  has  not  so  far  been  sufficiently  investigated 
to  justify  any  conclusions. 


4.  On  tJie  Measure^nent  of  Simple  Reaction  Time  for  Sights  Hearing,  and 
ToiLch,    By  Professor  W.  Euthkbford,  M.D.,  F.R,S, 

Keaction  time  is  the  interval  that  elapses  between  the  stimulation  of  a  sense 
organ  and  a  motor  response.     The  physiological  process   involved  consists  of 
(a)  an  afferent  factor — ^the  stimulation  of  a  sensory  terminal  and  transmission 
of  an  impulse  along  sensory  nerve-fibres  to  the  brain ;   {b)  a  pychical  factor 
involving  an  act  of  sensory  perception  and  the  voluntary  production  of  a  motor 
impulse ;  (c)  an  efferent  factor — the  transmission  of  an  impulse  along  motor  nerve- 
fibres,  and  muscular  contraction.    To  render  tlie  reaction  '  simple/  discrimination 
is  eliminated  from  the  act  of  perception  by  repeating  the  eame  sensation  again 
and  again  without  variation  in  its  character ;  and  choice  is  eliminated  from  tho 
voluntary  act  by  giving  the  same  motor  response  again  and   again.     In  the 
Authors  experiments  motor  response  was  given  by  the  right  foretinger  closing 
An  electrical  key.    The  stimulus  for  sight  was  the  movement  of  a  flag  attached 
to  a  lever ;  that  for  hearing  was  a  click  given  by  transmitting  an  induction  shock 
through  a  telephone;  that  for  touch  was  an  induction  shock  or  a  mechanical 
tap.    The  reaction  time  was  ascertained  by  recording  the  moments  of  stimulation 
iand  of  response  on  a  revolving  cylinder  and  also  on  a  pendulum  myograph,  and 
I        measuring  the  interval  by  a  tuning-fork.     The  pendulum  myograph  has  not 
\        hitherto  been  employed  in  such  experiments.    It  is  very  advantageous  in  experi- 
I       men  ting  on  hearing  and  touch.     Successive  curves  are  superimposed,  so  that 
'       variations  in  the  time  of  successive  reactions  are  visible  at  a  glance,  and  can  be 
.       readily  measured.    By  photography  the  record  can  be  readily  printed  or  thrown 
(       on  a  screen  for  lecture  demonstrations.    The  reaction  times,  as  measured  by  the 
/       author's  methods,  differ  considerably  from  those  of  some  German  observers.     In 
observations  made  on  eight  intelligent  healthy  men,  varying  in  age  from  nineteen 
.  to  sixty -two,  the  reaction  time  for  sight  varied  from  01662  second  t*^  0-2202  second, 
imd  was  mostly  between  0*20  second  and  0*22  second.    The  reaction  time  for 
hearing  varied  from  0'L44d  second  to  01980  second,  and  was  mostly  betwee*'* 
0*15  second  and  0*16  second.    The  reaction  time  for  touch  var* 
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second  to  0*1906  second  in  the  different  cases.  The  shortest  touch  reaction  time 
is  that  following  stimulation  of  the  cheek :  it  varied  from  0*141  second  to  0'157 
second.  When  the  skin  of  a  finger  was  stimulated  the  reaction  time  varied  from 
0'142  second  to  0*100  second,  hut  was  mostly  from  0*15  second  to  0*18  second  in 
the  different  cases ;  there  was  no  evident  relation  between  age  and  length  of  reac- 
tion time  in  the  cat^es  under  observation.  In  a  limb  the  reaction  time  is  generallj 
longer  the  greater  the  length  of  sensory  nerve  traversed  by  the  impulse ;  but  there 
may  be  considerable  variHtions  in  the  reaction  times  for  different  districts  in  the 
field  of  touch  not  explicable  by  difference  in  the  length  of  sensory  nerve  traversed, 
but  probably  due  to  difference  in  the  closeness  of  relation  between  centres  for  tactile 
sense  in  the  brain  and  the  motor  centre  for  the  hand.  It  ma^  therefore  happen 
that  a  response  is  given  sooner  by  the  hand  when  its  ^n  is  stimulated  than 
When  the  mucous  membrane  of  the  tongue  is  stimulated,  although  in  the  latter 
case  the  impulse  has  a  nmch  shorter  tract  of  sensory  nerve  to  traverse.  When  the 
right  hand  gives  the  response  the  shortest  reaction  times  for  hearing  and  touch  aie 
obtained  by  stimulating  the  right  ear  and  right  side  of  cheek.  In  the  experimenta 
on  sight  both  eyes  were  u^ed  at  the  same  time.  The  influence  of  fatififue  on 
reaction  time  and  the  remarkable  restorative  effect  of  tea  were  demonstrated  in  the 
photographs.  

5.  On  the  MicroBCopic  Appearance   of  Striped  Muscle  in  Rest  and  in 
Contraction.    By  Professor  W.  Rutherford,  M,D.^  F.R.S. 


6.  On  Effects  of  Suprarenal  Extract. 
By  Professor  E.  A.  Schafbr,   F,R.S, 


7.  On  Epithdial  Changes  produced  by  Irritation.  By  D'Arcy  Power,  M.A., 
M.B.  Oxon,,  F.R.CS.y  Lecturer  on  Histology  at  the  Royal  Veterinary 
College. 

Mr.  Power  showed  a  series  of  preparations  of  the  conjunctival  and  vagina] 
mucous  membranes  taken  from  rabbits  and  guinea-pigs  which  had  been  subjected 
to  mechanical  and  chemical  irritation.  Many  of  me  epithelial  cells  presented 
appearances  which  were  identical  with  those  described  as  being  parasitic  when 
they  were  met  with  in  cancer.  The  changes  in  the  epithelium  were  summarised 
as  a  general  vacuolation  of  cells ;  various  forms  of  intracellular  oedema ;  epithelial 
*  {Nearls/  collections  of  leucocytes,  and  the  spaces  left  after  these  leucocytes  had 
migrated.  These  changes  he  had  already  described  and  figured  in  the  '  British 
Medical  Journal'  for  1803.  The  series  of  preparations  shown  on  the  present 
occasion  indicated  that  many  squamous  epithelial  cells  had  the  power  of  phago- 
cytosis, for  in  no  other  way  could  the  remarkable  intracellular  appearances  be 
explained,  and  he  showed  cells  containing  a  leucocyte,  and  others  containing  a 
microcyte.  Partial  necrosis  of  the  cell  uso  took  place  as  a  result  of  irritation, 
and  there  was  an  invasion  of  large  eosinophile  cells  into  the  conjunctival  epi- 
thelium. 

The  full  text  of  the  paper,  with  illustrations,  is  published  in  the  'Journal  of 
Pathology  and  Bacteriology '  for  October  1894. 


SATURDAY,  AUGUST  11. 

The  following  Papers  were  read : — 

1.  On  Vowel  and  Consonant  Sounds.     By  D.  L.  Hermann,  Professor  Of 
Physiology  in  the  University  of  Konigsberg. 
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2.  On  an  Aerotonometer  and  a  Goi-hurette,^ 
By  Professor  L^ON  Fbedbbicq,  Li^e, 

The  air  which  enters  the  lung  is  rich  in  oxygen  (20*9  per  cent.)  and  poor  ia 
earbonic  acid  (0*03  per  cent.}.  On  leaving  the  lung  it  is  relatively  poor  in  oxygen 
(18  per  cent,  in  dogs)  and  rich  in  carbonic  acid  (2  to  3  per  cent,  in  dog»).  it  has 
given  up  oxygen  to  iJie  blood  and  received  from  it  carbonic  acid. 

What  is  the  cause  of  this  gaseous  exchange  between  the  blood  and  the  air  of 
the  pulmonary  alveoli  P  Pfliiger  believed  that  he  had  succeeded  in  explaining 
this  exchange  by  the  simple  laws  of  gaseous  diffusion — ^laws  in  virtue  of  which 
each  gas  passes  from  a  medium  in  which  its  tension  is  high  towards  a  medium  in 
which  its  tension  is  low.  The  determinations  of  carbonic  acid  tension  made  by 
Pfliiger's  pupils  simultaneously  in  the  blood  by  means  of  the  aerotonometer  and  in 
the  air  of  the  pulmonary  alveoli  were  in  complete  harmony  with  this  explanation. 

Christian  Bohr  has  come  to  a  different  conclusion  on  this  subject.  According 
to  him,  gaseous  diffusion  alone  does  not  explain  the  exchange  of  gcises  between 
the  blcKxL  and  the  air  of  the  lung.  Bohr  has  found  in  several  of  his  experiments 
the  air  of  the  alveoli  richer  in  oxygen  and  poorer  in  carbonic  add  than  in  the 
fffterial  blood  leaving  the  lung.  According  to  Bohr,  the  tissue  of  the  lung  plays 
an  active  part  in  respiration :  the  pulmonary  epithelium  excretes  carbonic  acid  by 
a  true  secretion  process,  and  passes  oxyeen  into  the  blood,  not  in  accordance  with 
the  laws  of  diffusion,  but  agamst  these  kws. 

I  have  recently  taken  up  this  subject  again,  and  in  doing  so  have  made  use 
of  the  aerotonometer  exhibited  to  tne  Section,  which  is  a  modiftication  of  the 
instrument  of  Pfliiger.  The  apparatus  consists  essentially  of  a  sufficiently  lonsr 
vertical  tube,  connected  above  with  the  carotid  of  a  living  animal  (an  anssthetisea 
dog),  and  below  with  a  vein.  The  arterial  blood  (which  has  previously  been 
rendered  incoagulable  by  the  injection  of  propeptone)  flows  continuously  over  the 
inner  surface  of  the  tuM  of  the  aerotonometer,  which  is  kept  at  a  temperature  of 
38^  C.  If  the  experiment  lasts  sufficient  time  for  the  attainment  of  equality  of 
tension  of  the  gases  of  the  blood  and  those  enclosed  in  the  aerotonometer,  an 
analysis  of  the  latter  gases  will  indicate  the  tension  of  the  gases  of  the  blood. 
Bohr  believed  that  equality  of  tension  could  be  reached  in  a  few  minutes,  and 
thus  obtained  erroneous  results.  I  have  found  that  nearly  two  hours  are  necessary 
before  equality  of  tension  is  reached.  One  finds  then  that  the  air  of  the  aerotono- 
meter contauis  2  to  3  per  cent  of  carbonic  acid  and  12  to  14  per  cent,  of  oxygen, 
representing  the  tension  of  these  ga^es  in  the  blood  in  accordance  with  the 
diffusion  theory.  I  have  also  found  that  if  one  lets  the  animal  breathe  pure  or 
nearly  pure  or^gen,  the  tension  of  this  gas  in  the  arterial  blood  may  exceed 
jOO  per  cent  of  an  atmosphere.  The  animal,  nevertheless,  shows  only  a  slight 
tendency  to  apnosa;  it  continues  to  breathe.  Apnoea  is  thus  not  a  necessary 
result  of  a  very  high  oxygen  tension  in  arterial  blood.  This  is  a  fact  which  seems 
to  me  very  important  in  connection  with  the  theory  of  apncea. 

The  gas  analyses  were  made  with  a  gas-burette,  shovni  to  the  Section,  which 
is  simplv  a  modification  of  that  of  Hempel.  The  burette  is  drawn  out  at  the  level 
where  the  readings  are  made,  so  as  to  permit  of  reading  easily  to  '02  or  *01  c.e. 
The  confining  liquid  is  water  {and  not  mercury),  which  gives  rise  to  scarcely  any 
error,  diffusion  of  gases  into  liauids  being  so  slow.  The  carbonic  acid  is  absorbed 
by  potash  solution,  the  oxygen  oy  phosphorus. 


3.  On  Local  Immunity.    (A  Preliminary  Communication,)* 
By  Louis  Cobbktt,  M.A.y  M.B.,  F.B.C.S.,  and  W.  S.  Mblbomb,  M.A.,  M.D, 

If  it  be  true,  as  there  seems  reason  to  believe,  that  recovery  from  an  infectious 
disease  is  due  to  certain  changes  in  the  body,  which  make  it  more  resistant  to  the 
micro-organisms  which  cause  that  disease,  and  that  the  same  changes  are  also  the 

I  Tot  further  details  see  Cetdralblattfur  PhytioUgie,  1893,  vli.  p.  26;  1894,  viii.  p.  34. 
*  A  full  report  is  published  in  the  Journal  of  Pathology^  1894. 
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Cftuse  of  subsequent  immumtyy  the  weU-known  fact  that  in  erysipelas  the  parte  first 
attacked  may  be  recoveriog  while  the  disease  is  f^preading  elsewhere  would  lead 
us  to  suspect  that  these  parts  have  learnt  to  resist  the  streptococcus  while  the  rest 
of  the  body  is  still  susceptible. 

To  inquire  whether  erysipelas  confers  any  such  local  immunity  was  the  object 
of  the  following  ezperimeots : — 

Fourteen  rabbits  which  had  recently  suffered  from  erysipelas  in  the  right  eus 
were  again  inoculated  with  the  streptococcus,  this  time  in  both  ears.  In  each  case 
a  control  animal,  inoculated  at  the  same  time,  suffered  from  typical  eryeipeias. 
The  results  were  as  follows:  Left  ears, — In  four,  only  a  little  redness  about  the 
seat  of  inoculation.  In  four,  erysipelas  commenced,  bui;  aborted  on  the  third  or 
fourth  day.  In  six,  typical  erysipelas.  Riffht  ears, — Inflammation  rapidly  appeared, 
affected  the  whole  part,  and  subsided  in  twenty-four  to  forty-eight  hours.  Culture 
experiments,  which  inyariably  revealed  the  presence  of  streptococci  in  the  early 
stages  of  true  erysipelas,  showed  that  micro-organisms  were  absent  from  the 
inflamed  right  ears.  Thus  all  the  right  ears  showed  themselves  to  be  immiine, 
while  nearly  one  hsif  the  left  ears  proved  as  susceptible  as  those  of  the  control 
animals.  Hence  we  conclude  that  the  first  attack  of  erysipelas  had  conferred  a 
yery  complete  local  immunity.  That  erysipelas  confers  some  degree  of  general 
immunity  is  dready  well  known  from  the  work  of  Fehleiseo,  Roger,  and  others. 

Further  experiments  showed  that  this  local  immunity  lasted  only  so  long  as 
any  thickening  remained  in  the  ears  after  erysipelas.  Its  duration  depended,  there- 
fore, on  the  severity  of  the  first  attack. 

The  inflammation  which  resulted  from  inoculations  of  ears  previously  aflfected 
we  thought  to  be  a  reaction  agaiost  the  poisons  actually  introduced,  and  not  due  to 
the  vital  activity  of  the  cocci,  because  we  could  obtain  no  evidence  that  these  had 
multiplied  and  invaded  the  ear.  This  opinion  was  put  to  the  test  by  injecting  into 
both  ears  of  animals,  which  had  recently  suffered  Srom  erysipelas  in  one  ear,  small 
quantities  of  concentrated  filtered  cultures,  and  in  one  case  tne  streptococci  them- 
selves destroyed  by  heat.  In  these  experiments  a  somewhat  violent  inflammation^ 
of  short  duration  (two  to  three  days),  resulted  in  the  right  ears,  and  a  lees  severe 
but  more  prolonged  inflammation  in  the  left.  An  important  difference  was  in  the 
time  of  onset  of  this  inflammation,  which  in  the  previously  affected  ears  appeared 
many  hours  earlier  than  in  the  others ;  a  difference  similar  to  that  which  had 
already  been  observed  to  result  from  the  inoculation  of  living  cocci  under  the  same 
conditions.  Thus  it  appears  that  parts  which  have  recently  suflered  from  erysipelas 
become  more  quickly  and  intensely  inflamed  when  subjected  to  the  action  of  the 
products  of  the  streptococcus  than  do  other  parts  of  the  same  animal.  And  when 
we  remember  that  this  tendency  to  inflammation  goes  hand  in  hand  with  a  notably 
greater  resistance  to  the  living  microbe,  we  are  led  to  regard  it  as  beneficial  in  its 
action,  and  an  important  factor  of  local  immunity  ;  an  opinion  in  harmony  with 
diat  already  expressed  by  Metchnikoff  and  others — viz.  that  inflammation  is  a 
protective  process. 

4.  A  Farm  of  Experimentally-produced  Immunity. 
By  J.  LoBBAiN  Smith,  M.A.y  M.D.,  and  E.  Trevithick,  M.B. 

The  occurrence  of  fibroid  changes  in  the  lungs  when  these  are  due  to  the 
irritant  effect  of  inhaled  dust  is,  according  to  clinical  authorities,  associated  with 
increased  liability  of  the  lungs  to  infection  by  the  tubercle  bacillus.  On  the  other 
hand,  there  is  much  clinical  as  well  as  experimental  evidence  to  show  that  the 
condition  of  infiammation  ia  the  tissues  is  in  general  accompanied  by  an  increased 
power  of  resisting  the  invasion  of  microbes. 

The  following  experiments  are  brought  forward  to  show  that,  in  its  early 
stages,  the  inflammation  due  to  irritating  dust  in  the  pleural  cavity  increases  the 
difiiculty  of  infecting  the  animal  in  this  locality  with  the  bacillus  pyoeyaneus. 
The  experiments  were  made  on  guinea-pigs  and  rabbits. 

The  dust  (pounded  glass)  was  placed  in  a  bottle  containing  a  qiuwtit^r  of 
water.  This  was  sterilised,  and  before  injection  the  dust  was  stirred  up  and  mixed 
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"with  tlie  water.  About  1*6  c.c.  of  this  mixture  was  drawn  into  the  injecting 
cannula.  The  cannula  consisted  of  a  piece  of  glass  tubing  drawn  to  a  sharp 
-point,  with  a  lateral  opening  a  short  distance  behind  the  point.  This  opening  was 
made  of  a  size  just  sufficient  to  allow  the  dust  to  pass  easily  through.  No  force 
"was  needed  in  the  injection,  the  negative  pressure  due  to  the  inspiratory  act  being 
eufficient  to  suck  the  moisture  into  uie  cavitj. 

The  effects  due  to  the  simple  dust  were  observed  in  several  animals  of  both 
kinds.  These  consisted  in  hyperemia  of  the  lung  with  exudation  of  fluid  and  red 
cells  into  the  alveolar  spaces.  There  was  also  exudation  of  fluid  into  the  pleural 
cavity  in  several  instances,  and  it  contained  usually  a  considerable  number  of  red 
cells  also.  To  some  extent  the  epithelium  covering,  the  pleural  surface  of  the  lung, 
was  thrown  off  into  the  fluid. 

The  dust  was  rapidly  absorbed  into  the  lymphatic  vessels,  and  could  be  seen^ 
even  after  twelve  hours,  as  small  round  yellowish  patches  in  the  pleural  membrane. 
These  when  examined  microscopically  were  found  to  contain  large  numbers  of 
gbiss  particles. 

The  injection  of  the  bacillus  pyocyaneus  followed  after  a  time,  varying  from  one 
to  twenty-six  days. 

In  the  following  table  we  have  a  summary  of  the  observations. 

Ouinea-pigs, — Six  animals,  with  controls: — 
Two  recovered  completely. 
Three  survived  the  control  animals  for  a  period. 
One  was  a  contradictory  instance,  for  this  died  sooner  than  the  control 

animal. 
Rabbits. — Seven  animals,  with  controls: — 

Two  recovered,  the  controls  dying  on  the  second  day  after  infection. 
Three  survived  the  controls  in  two  cases  one  day,  and  in  one  case 

eight  days. 
Two  cases  in  which  the  bacillus  was  injected  into  the  opposite  pleural 

cavity.    One  died  with  the  control,  the  other  ecurlier. 

The  conclusion  which  is  derived  from  these  experiments  is  that  the  early  stages 
of  inflammation  confer  a  certain  amount  of  immunity  on  the  pleural  cavity  in 
which  the  inflammation  has  been  set  up.  It  does  not  seem  to  vary  in  its  protective 
power  during  the  first  month  or  so  after  the  inflammation  has  been  set  up.  In 
those  instances  where  there  was  not  complete  recovery  it  was  usuallY  found  that 
.bacilli  occurred  to  a  much  greater  extent  in  the  pleural  exudation  of  the  control 
Animals  than  in  that  of  those  infected  with  glass  dust. 

The  death  of  the  last  two  rabbits  points  to  the  fact  that  probably  the  protection 
conferred  is  strictly  locaHsed  in  the  inflamed  tissues. 


On  the  Changes  in  Nerve  Cells  due  to  Functional  Activity. 
By  GusTAV  Mann,  M.D. 


6.  On  the  Effect  of  Gravity  on  the  CirculcUion,     By  Dr.  L.  Hill. 


'7.  Experimental  Inquiry  upon  the  Different  Tracts  of  the  Central  Nervous 
System.     By  F.  W.  Nutt,  M.D. 

The  origin  and  termination  of  the  fibres  of  the  fillet  were  investigated  by  noting 
the  degeneration  resulting  from  unilateral  separation  of  the  nuclei  of  Qoll  and 
Burdach  from  the  arciform  fibres  issuing  therefrom.  The  degenerated  arciform 
fibres  were  traced  by  Marchi's  method  into  the  opposite  interolivary  layer,  and 
ithenoe  into  the  fillet.    The  degenerated  fibres  of  the  fillet  were  followed  nio(>' 
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distmetly  into  the  optic  thalamiiB,  paasiiig  through  the  striid  medoUarei.    Thej 
could  not  be  traced  beyond  this  to  the  cortex. 

The  author  aJso  gaTe  a  preliminarj  account  of  some  experiments  relating  to  the 
antero-lateral  tract  of  Qowers.  He  considers  hb  researches  so  far  show  that  it  is  a 
crossed  tract,  consisting  in  the  main  of  fibres  proceeding  to  the  middle  lobe  of  the 
cerebellum,  but  also  containinfj^  a  few  scattered  fibres  proceeding  from  the  posterior 
roots^  and  apparently  ending  in  the  corpora  quadrigemina. 


MONDAY,  AUGUST  13. 
The  following  Papers  were  read : — 
1.  On  the  Mechanical  Theory  of  Lymph  Formation.    By  Dr.  Starling. 


2.  On  Lymph  Formation,    By  Walter  S.  Lazarus-Barlow,  M,D. 

During  the  course  of  experiments  performed  in  the  Pathological  Laboratory, 
University  of  Cambridge,  for  the  investigation  of  the  pathology  of  the  oedema 
which  accompanies  passive  congestion  the  author  was  led  to  examine  certain  of 
the  conditions  that  modify  the  now  of  lymph  in  the  normal  animal. 

He  introduced  a  cannula  into  one  of  the  lymphatics  of  the  hind  limb  of  a  dog, 
and,  as  far  as  possible,  ligatured  idl  remaining  lymphatics.  The  limb  was  then 
emptied  as  completely  as  possible  of  lymph  by  rapid  and  firm  squeezing  from  the 
paw  upwards,  and  an  observation  was  immediately  commenced  upon  the  amount 
of  lymph  formed  in  the  limb  during  one  hour.  The  animal  was  under  A.O.E. 
mixture  and  was  kept  absolutely  at  rest,  excepting  that  cosgulation  of  the  lymph 
in  the  cannula  was  prevented  by  occasional  p^entle  squeezing  of  the  limb.  Imme- 
diately before  the  expiry  of  the  hour  the  hmb  was  again  emptied  of  lymph  as 
completely  as  possibly  by  firm  squeezing.  The  lymph  was  collected  in  carefully 
graduated  tubes,  and  the  amount  thus  obtained  was  regsided  as  the  normal  for 
the  individual. 

An  elastic  ligature  previously  arranged  round  the  limb  was  then  tightened  to 
such  an  extent  as,  it  was  known  from  other  experiments,  would  raise  the  pressure 
in  the  femoral  vein  from  the  normal  4-6  mm.  of  mercury  to  25-86  mm.  Exactly 
the  same  processes  were  carried  out  during  the  collection  of  lymph  under  these 
modified  conditions  as  were  described  for  the  normal  conditions.  The  duration  of 
increased  pressure  was  one  hour.  Lastly,  the  elastic  ligature  was  removed,  and 
the  amount  of  Ijrmph  formed  in  an  hour  under  normal  conditions  was  again 
estimated. 

The  limb  was  therefore  as  free  as  possible  from  lymph  immediately  before 
befpnning  and  immediately  before  ending  each  of  the  three  portions  of  the 
investigation. 

The  author  found  that  the  amounts  collected  in  the  three  periods  were  either 
absolutely  identical,  or  that  the  amount  collected  during  the  period  of  high 
venous  pressure  was  less  than  that  collected  when  the  pressure  was  normal.  On 
no  occasion  did  he  find  that  an  increase  of  venous  pressure  was  accompanied  by  an 
increase  in  the  amount  of  Ivmph-flow. 

The  amount  of  lymph-flow,  however,  being  the  product  of  two  factors — viz.  the 
amount  of  fluid  poured  out  by  the  blood-vessels  and  any  modifications  in  that 
amount  introduced  during  the  sojourn  of  the  Ivmph  in  the  tissues — it  was  necessary 
before  concluding  that  an  increase  of  lymph-formation  does  not  accompaiiy  an 
increase  in  venous  pressure  to  determine  whether  an  excessive  amount  of  fluid  had 
accumulated  in  the  tissues  in  the  form  of  oedema,  since  it  was  possible  that  the 
-increased  venous  pressure  might  have  caused  an  increased  outflow  of  fluid  fitom 
the  capillaries  and  venules,  and  that  that  increased  outflow  might  not  have  shown 
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itself  in  an  iocreaaed  flow  from  the  IjmphaticSy  because  it  was  in  part  stored  up  in 
the  tissues  as  oedema  fluid.  To  determine  this  point  observations  of  the  specific 
^vities  of  arterial  blood  and  blood-plasma,  venous  blood  and  blood-plasma,  of 
muscle  and  of  skin  were  taken  before  and  after  the  pressure  in  the  femoral  vdn 
was  raised.  It  was  found  that  these  underwent  no  changes  whatever,  either  in 
the  affected  limb  or  in  other  parts  of  the  bodv  (with  the  exception  of  a  rise  in 
the  specific  gravity  of  the  venous  blood  and  blood-plasma  in  the  affected  limb) 
during  venous  obstruction,  which  caused  a  rise  of  pressure  in  the  femoral  vein, 
varying  in  individual  cases  from  48-76  mm.  of  mercury.  The  modification  of 
specific  gravity  of  the  venous  blood  and  blood-plasma  in  the  affected  limb  manifestly 
depends  upon  its  lengthened  sojourn  in  the  limb. 

The  author  concludes,  therefore,  that  increase  of  venous  pressure  in  a  limb  for 
one  hour  not  only  does  not  cause  an  increase  of  lymph-flow  n'om  the  lymphatics^ 
it  does  not  even  cause  an  increased  passage  of  fluid  through  the  blood-vessel  walls. 

Independently,  however,  of  the  venous  pressure,  the  amount  of  lymph-flow  is 
increasea  when  the  tissues  have  been  starved  for  some  time  or  are  overstocked 
with  their  own  katabolic  products. 

The  following  conditions  were  investigated : — 

1.  Before  and  after  prolonged  complete  anesmia  (three  hours),  produced  by  an 
Esmarch's  bandage. 

2.  Before  and  after  hssmostasis,  or  complete  cutting  off  of  the  limb,  with  what- 
ever blood  and  lymph  it  might  contain,  from  the  rest  of  the  body  by  means  of  a 
tight  elastic  bandage  for  one  hour. 

8.  Before  and  after  stimulation  of  the  sciatic  nerve,  while  the  limb  was  ooqh 
pletely  anaemic  and  persistence  in  situ  of  the  katabolic  products,  the  whole  lasting 
one  hour. 

All  these  conditions  Are  followed  by  arterial  dilatation  in  the  part;  andL 
inasmuch  as  arterial  dilatation  subsequent  to  section  of  the  sciatic  nerve  was  found 
by  the  author  to  be  unaccompanied  by  any  modification  in  the  amount  of  lymph- 
flow,  he  concludes  that  the  increase  occurring  under  the  conditions  given  above  ia 
immediately  conditioned  by  the  excessive  needs  of  the  tissues. 

Under  extreme  conditions,  such  as  those  just  given,  the  effect  of  an  increase  of 
venous  pressure  is  markedly  different  from  what  it  is  when  such  conditions  have 
not  been  introduced,  for  now  an  increase  of  venous  pressure  is  accompanied  by  an 
increase  in  the  lymph-flow,  while  the  lymph-flow  diminishes  when  the  venous 
pressure  is  again  allowed  to  return  to  normal.  In  other  words,  the  lymph-flow 
now  varies  directly — the  author  cannot  sav  whether  it  be  proportionately — ^with 
the  venous  pressure.  It  now,  therefore,  Wrs  some  resemblance  to  mechanical 
filtration.  Inasmuch,  however,  as  an  obstruction  to  the  outflow  of  blood  from  the 
venous  side  itself  intensifies  the  necessity  of  the  tissues  by  damming  up  in  them 
the  waste  products  thev  are  so  anxious  to  get  rid  of,  this  resemblance  to  mechanical 
filtration  may,  after  all,  be  only  apparent. 

The  author  concludes,  therefore,  that  lymph-formation  does  not  depend  upon 
purely  mechanical  conditions  of  the  circulation,  but  he  regards  it  as  dependent 
upon  the  needs  of  the  tissues :  those  needs  are,  in  some  as  yet  unrecognised  way, 
made  known  to  the  circulatory  apparatus,  and  lead  to  variations  in  the  amount  of 
blood-flow  through  the  nart,  in  extreme  esses  active  arterial  dilatation  of  the  most 
marked  kind  being  inauced.  In  such  extreme  cases,  further,  tbe  lymph-flow 
varies  directly  with  the  venous  pressure,  and  there  is  a  resemblance  to  mecnanical 
filtration ;  but  there  are  reasons  for  supposing  that  this  resemblance  is  an  apparent 
and  not  a  real  one.  

Z.  On  the  Innervation  of  the  Portal  Vein, 
By  W.  M*  Batliss  and  Dr.  Starling. 


4.  On  some  Vaso-dilator  Reflexes.    By  W.  M.  Batuss. 
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5.  On  the  Production  of  Heat  in  Hxbemating  Animals, 
By  Raphael  Dubois,  Professor  of  Physiology  in  the  University  of  Lyons. 

For  eeyeral  years  the  author  has  inyestigated  the  production  of  heat  in  the 
marmot  in  order  to  find  out  what  part  of  the  nervous  system  is  essential  for  the 
rapid  production  of  heat  which  takes  place  when  the  animal  wakes  up  from  its 
winter  sleep. 

Section  of  the  spinal  cord  at  the  level  of  the  fourth  cervical  vertehra  prevents 
the  animal  from  raising  its  temperature.  Destruction  of  the  grej  suhstance  of  the 
brain  produces  a  similar  effect.  If  the  section  of  the  spinal  cord  he  madt>  at  the 
level  of  the  seventh  cervical  vertebra  the  animal  grows  warm  slowly  and  incom- 
pletely ;  but  if  the  operation  be  performed  between  the  fourth  and  fifth  dorsal 
vertebrae,  then  the  curve  of  the  rise  of  temperature  presents  the  normal  form. 
There  is  therefore  a  limited  portion  of  the  cord,  between  the  fourth  cervical  and 
the  first  dorsal  vertebree,  through  which  pass  the  centripetal  or  centrifugal,  or  both, 
impulses,  placing  the  cortex  of  the  cerebral  hemispheres  in  communication  with  the 
rest  of  the  organism.  The  pathway  is  through  the  grey  substance  of  the  spinal 
cord,  for  section  of  the  antero-lateral  or  of  the  posterior  columns  does  not  prevent 
the  animal  from  producing  lieat,  whereas  destruction  of  the  grey  matter  in  this 
limited  portion  of  the  cord  produces  the  same  effect  as  total  section.  This  operar* 
tion  produces  immediate  loss  of  the  power  of  movement  and  conscious  sensibiiitj 
in  the  greater  part  of  the  body ;  but  the  absence  of  the  capacity  to  produce  heat 
must  not  be  attributed  to  this  sensory  and  motor  paralysis,  for  section  a  little 
lower,  at  the  fourth  dorsal  vertebra,  does  not  change  the  normal  curve  of  tempera- 
ture. 

The  section  .of  the  cord  at  the  fourth  cervical  vertebra  abolishes,  on  the  one 
hand,  the  contractions  of  the  thoracic  muscles,  the  activity  of  which  is  very  great 
during  the  rewarming  and  insignificant  during  the  torpor ;  on  the  other  hand,  it 
cuts  off  the  very  important  connections  of  the  sympathetic  system  with  the  higher 
centres.  If  the  cervical  sympathetic  be  cut  on  both  sides  above  the  inferior 
cervical  ganglion  there  is  no  very  marked  delay  in  the  production  of  heat,  whereaa 
the  rise  of  temperature  is  very  slow  and  incomplete  when  the  inferior  cervical  and 
the  first  thoracic  iranglia  are  removed  on  both  sides.  These  ganglia,  however,  are 
only  connecting  links,  for  the  same  result  is  obtained  by  section  of  the  two 
splanchnic  nerves  or  of  the  branches  which  pass  directly  from  the  abdominal 
sympathetica  to  the  semilunar  ganglia.  Jilxtirpation  of  the  semilunar  ganglia 
produces  the  same  result  as  removal  of  the  interior  cervical  and  first  thoradc 
•ganglia. 

Experiments  show  that  it  is  by  acting  upon  the  portal  system  that  the  sympa- 
thetic shares  in  the  general  process  of  heat  production.  It  regulates  the  quantity 
tind  pressure  of  the  blood  which  flows  to  the  liver,  and  in  this  manner  the  produc- 
tion of  heat  in  the  liver  and  the  transformation  of  glycogen  into  sugar,  to  be 
utilised  for  combustion  when  the  animal  awakes.  The  thoracic  muscles  become 
exceedingly  active  when  the  animal  awakes,  and  thus  require  more  glycogen  or 
other  combustible  material  for  their  contraction. 

A  full  account  of  this  research  will  shortly  be  pablished  in  '  Les  Annales  de 
l*Universit6  de  Lyon.' 


6.  On  ^Pigeons'  Milk'    By  E.  Watmouth  Rbid,  Professor  of  Physiology 
in  University  College^  Dundee, 

John  Hunter  (1786)  discovered  the  fact  that  pigeons  feed  their  young  for  aome 
days  after  hatching  upon  a  substance  resembling  the  curd  of  milk,  and  formed  in 
the  lateral  pouches  of  the  crop  of  both  cock  and  hen.  This  method  of  feeding  is 
AS  yet  only  known  in  this  tribe  of  birds. 

Olaude  Bernard  (1859)  studied  the  nature  of  the  substance,  and  found  that 
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microscopicallj  it  connsted  of  masses  of  the  epithelial  scales  of  the  crop  mucosa. 
loaded  with  fat  glohules.    An  analysis  made  for  Bernard  hy  Leconte  gave — 

'Casein 'and  salts 2323 

Fat 10-47 

Water 6G-30 

No  sugar  was  present — a  fact  noted  also  by  Hunter. 

Hasse  (1865)  and  more  recently  Max  Teichmann  (1880)  have  also  written  on 
the  subject  from  the  histological  point  of  view. 

The  lateral  pouches  of  the  crop  of  the  non-breeding  pigeon  are  not  glandular ; 
the  epithelium  is  stratified  and  free  from  fat,  the  submucosa  provided  with  small 
yascular  papillie. 

The  change  in  the  crop  membrane  necessary  for  the  formation  of  the  *  milk  ' 
commences  during  the  incubation  of  the  eggs,  and  though  not  visible  to  the  naked 
eye  till  two  or  three  days  before  hatching,  makes  itself  evident  by  the  appearance 
of  fat-droplets  in  the  cells  ten  days  Itefore  this  event.  The  main  change  consists 
in  a  great  thickening  of  the  epithelium,  accompanied  by  rugose  folding  with  reticu- 
lation, while  at  the  same  time  the  structure  becomes  enormously  vascular  and 
capillaries  penetrate  the  epithelial  layers  (Basse  and  Teichmann). 

Small  pellets  of  curd-like  matter  form  in  the  pits  of  the  reticulated  surface,  and 
as  soon  as  the  young  are  hatched  these  are  transferred  by  the  parents  to  the  crops 
of  the  '  squabs/  often  to  the  extent  of  40  percent,  of  the  weight  of  the  bodies  of  the 
young. 

In  its  histological  features  the  process  of  formation  of  the '  milk '  resembles  more 
closely  that  of  the  formation  of  sebum  than  of  milk,  for  whole  masses  of  fat-holding 
cells  are  cast  off  from  the  walls  of  the  pits  in  the  membrane ;  yet,  unlike  the 
sebaceous  process,  the  nuclei  of  the  cells  persist. 

Interpapillary  involutions,  then,  of  the  thickened  stratified  epithelium  of  the 
crop  act  as  sebaceous  glands  during  the  period  of  formation  of  the  '  milk.' 

This  period  lasts  for  from  seven  to  nine  days  after  hatching,  and  the  msximum 
of  activity  is  reached  about  the  second  day  after  hatching. 

The  young  are  fed  almost  exclusively  on  this  substance  for  the  first  three  days, 
though  a  few  crushed  grains  are  also  supplied  by  the  parents.  The  parents  appear 
to  crush  the  trrains  at  first,  though  later  they  are  supplied  whole.  This  fact  i» 
accounted  for  by  the  condition  of  the  gizzard  membrane  of  the  early  *  squab,'  foe 
the  homy  8(>cretion  of  the  tubular  glands  of  the  mucosa  takes  some  days  to  con 
solidate.  No  digestive  ferments  are  supplied  by  the  parents  along  with  the '  milk,** 
and  the  proventriculus  of  the  young  '  squab '  pigeon,  even  at  twelve  houn,  is  rich 
in  proteolytic  ferment,  its  glycerine  extract  digesting  fibrin  with  ease.  The  crops 
of  neither  adult  (breeding  or  non-breeding)  nor  young  birds  form  any  amylolytic 
or  proteolytic  ferment;  in  both  cases,  however,  multitudes  of  bacteria  and  cocci 
are  present,  and  the  acidity  of  the  contents  (reaction  of  Utfelmann,  but  no  reaction 
witn  phloroglncin  and  vanillin)  is  probably  due  to  lactic  fermentation.  Tho 
pancreas  of  the  ^  squab '  is  capable  of  digesting  starch  at  the  time  of  hatching. 

In  the  '  squab  the  cell  bodies  of  the  'milk'  are  dissolved  off  by  the  secretion 
of  the  proventriculus,  and  the  fat  set  free  in  the  gut  is  found  iu  the  cells  of  the  villi, 
and  also  in  the  leucocytes  of  the  blood.  The  fsBces  of  the '  squab '  are  fat-free, 
though  at  an  early  stage  they  contain  considerable  proteid. 

iniough  sugar  is  undoubtedly  absent  from  the  ^  milk,'  a  young '  squab '  pigeoD 
before  it  hns  received  any  food  contains  sugar.  In  one  case  a  triple  alcoholic  ex- 
tract of  a  minced  and  finally  pulverised  *  squab'  yielded  over  '2  per  cent,  of  its 
body  weight  of  reducing  sugar,  while  a  subsequ^'nt  triple  aqueous  extract  save  '1^ 
per  cent  of  the  body  weight  of  an  amylose  yielding  sugar  on  boiUng  with  dilute 
sulphuric  acid.  This  amylose  struck  no  colour  with  iodine,  and  attempts  to  demon- 
strate glycogen  in  the  bodies  of  unfed  '  squab '  pigeons  have  failed,  though  the 
pectoral  muscles  of  adult  birds  are  very  rich  in  this  substance. 

As  regards  the  proteids  of  the  '  milk,'  extracts  with  *  normal  saline  solution  ' 
by  triturati  n  and  digestion  with  thymol  at  40^  C.  show  absence  of  albumins, 
proteoses,  and  peptones ;  presence  of  globulin  and  of  caseinogen  (clot  with  rennet. 
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inth  and  without  calcic  chloride).  The  chi«>f  proteid,  however,  appears  to  be  of  the 
nature  of  nadeo-iilbuiniii  (FIa11iburton*8  sodic-chlortde  method).  Mucin  is  present 
in  variable  amount,  and  originates  from  the  grlands  of  the  firullet  below  the  crop. 
These  glands  enlarge  and  become  more  active  during  the  feeding  of  the  young. 

The  young  pigeon  is,  then,  fed  at  first  upon  a  highly  nutritious  food,  whose 
eolids  consist  in  tne  main  of  nucleo-albumin  and  fat.  The  explanation  of  this 
peculiar  process  lies  in  all  probability  in  the  fact  that  since  pigeons  reaa  so  manr 
oroods  in  a  season  the  young  must  be  brought  forward  faster  than  could  reeolt 
from  mere  grain  feeding,  and  hence  a  magnificently  nutrient  diet  is  supplied. 
When  a  cock  or  hen  '  in  milk '  is  separated  from  the  young  the  involution  of  the 
crop  changes  occurs  with  great  rapidity,  for  within  twenty-four  hours  the  temporary 
*  seoaceous  glands '  are  loosened  and  cast  ofi^,  the  hypertrophied  papiUa  which  lie 
between  them  being  subsequently  reduced.  Such  birds  swallow  tneir  own  <  milk ; ' 
their  villi  contain  more  fat  than  normal  birds,  and  fatty  leucocytes  are  seen  vx 
abundance  in  the  blood. 

Some  days,  however,  after  separation,  though  the  gross  changes  in  the  cropi 
membrane  have  disappeared,  fatty  cells  are  found  in  the  epithelium. 

The  '  milk'  in  the  crops  of  such  separated  birds  is  also  in  finer  particles  than 
normal  and  poorer  in  solid  constituents. 

A  few  quantitative  analyses,  kindly  made  for  me  by  my  colleague  Mr.  F.  J. 
Hambly,  are  appended : — 


— 

A. 

From  crop  of  a 

4-hoar  *  squab* 

pigeon 

B. 

From  crop  of  a 

12*hour *8qaab* 

pigeon 

C. 

From  crop  of  a 

51-hoiir*8qaab* 

pigeon 

D. 
From  crop  of  hen 
feedinir4<sqaah8* 
fbr  68  hoars  with- 
out aid  of  eock 

%Milk 

%  Solids 

%Milk 

%  Solids 

%MiIk 

%  Solids 

%Milk 

%  Solids 

Water  .    .    . 

Fat.     .    .     . 

Ash.     .     .    \ 

Proteids      .    J 

79-33 
7-74 

12-93 

37-4 
62-6 

77-91 

816 

f  Ml 

I  12-83 

36-9 

60 

681 

73-98 
9-32 
106 

16-64 

36  8 

41 

60-1 

84-61 

3-99 

•91 

10-69 

2M 
5-9 

68-3     1 

— 

100-00 

100-00 

100  00 

1000 

10000 

1000 

10000 

100-0     1 

1 

Total  solids  . 

20-67 

— 

22-09 

—      1    2G02 

— 

16-49 

1 

-   1 

7.  On  ifhe  Structure  of  Striped  Muscle,    By  Professor  J.  B.  Haycraft. 

The  cross-striping  of  muscle  is  due  to  the  form  of  the  fibril  and  not  to  ita 
internal  structure.  The  fibril  is  like  a  beaded  rod,  and  the  striping  is  the  optical 
expression  of  this.  The  proof  of  this  is  obtained  by  stamping  moist  collodion 
with  a  piece  of  muscle.  The  collodion  stamp  preserves  the  form  of  the  fibrils, 
and  shows  identically  the  same  cross-striping  to  the  minutest  detail.  The  stampn 
and  their  photographs  were  demonstrated.  In  one  a  fibril  had  been  sumped  m 
wliich  one  part  alone  was  in  the  condition  of  contraction,  and  every  detail  of  the 
striping,  both  in  the  relaxed  and  contracted  conditions,  was  identically  reproduced. 


TUESDAY,  AUGUST  14. 

1 .  A  joint  meeting  with  Section  A  was  held  to  discuss  the  following  Papeis 
^ny^ipfessor  Oliver  Lodge,  F.R.S. 

the  \^x»u  ^Experiments  illustrating  Clerk  MaxweWs  Theory  qfLiglU. 
AS  yet  onK  ^4^  Electrical  Theory  of  Vision. 
Olaude  Bei  "^ 
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^  The  foUowing  Papers  were  read: — 

^  2.  On  a  Modific(Uion  of  Golgi'a  Methods.    By  Oliver  S.  Strong,  oj 

Cclumbia  College^  New  York. 

GoIgi*8  metliods  may  be  divided  into  two  principal  heads :  (1)  The  sublimate 
^  method,  consistinf^  essentially  of  hardening  in  bichromate  of  potash  followed  by 
s  immersion  in  bichloride  of  mercury.  Thb  method  need  not  be  further  noted  here. 
1  (2)  The  silver  methods,  consisting  of  (a)  the  long,  or  slow,  method,  consisting. 

of  liaitlenin||^  for  about  twenty  to  thirty  days  in  potassium  bichromate  followed  by 
I  immersion  in  a  solution  of  silver  nitrate,  {b)  The  rapid  method,  where  the  har- 
E  dening  is  done  in  a  mixture  of  bichromate  and  osmic  acid.  This  is  the  method^ 
f  slightly  modified,  which  is  so  extensively  used,  and  is  the  method  used  by 
r  Bamdn  y  Cajal.  (c)  What  may  be  designated  the  mixed  method,  or  combined 
i.  method,  and  consists  in  hardening  first  for  a  few^  days  or  a  week  or  so  in  potassium 
bichromate,  then  a  day  or  two  in  the  osmium-bichromate  mixture,  and  finally  the 
:       immersion  in  the  ulver  bath. 

The  rapid  method  is  the  best  yet  discovered  for  work  on  the  peripheral  ter- 
c  mlnations  of  nerves  and  for  the  embryonic  central  nervous  system.  For  adult 
brains  it  is  not  so  wbII  adapted  owing  to  the  poor  penetration  of  the  osmic  acid^ 
I  and  consequent  liability  to  overharden  the  penphery  while  the  central  portions  ot 
even  small  pieces  remain  untouched.  ^  Moreover,  adult  brains  are  not  well  adapted 
for  the  study  of  the  nervous  or  axis  cylinder  prolongations  of  the  cells,  owing 
probably  to  their  sheath,  so  that  on  such  material  study  by  these  methods  would 
be  chiefly  directed  to  the  cell  bodies  and  their  protoplasmic  expansions.  For 
such  purposes  the  long  C^lgi  method  is  eminently  adapted. 

While  the  long  Golgi  method  avoids  the  disadvantages,  including  the  expense 
— ^no  small  consideration  where  such  quantities  are  used — of  osmic  acid,  it  has  the 
disadvantage  of  requiring  about  a  month,  besides  the  uncertainty  common  to  all 
these  methods. 

In  order  to  reduce  this  period  of  lime,  and  yet  to  avoid  the  use  of  osmic  acid,  the 
new  method  here  proposed  for  the  study  of  adult  brains  is  the  use  of  bichromate  of 
lithium  instead  of  the  bichromate  of  potassium,  with  the  same  percentages.  I  have 
found  that  tissues  (small  pieces)  placed  in  the  former  reach  the  favourable  stage  of 
hardening  for  the  silver  impregnation  in  the  course  of  one  to  two  days,  instead  of 
twenty  to  thirty  days.  It  passes  through  this  favourable  )>eriod  quite  rapidly,  but 
the  whole  process  is  reduced  to  such  a  short  time  that  it  is  rendered  much  less 
tedious.  Tne  pictures  yielded  by  this  process,  judging  from  the  few  made  thus 
far,  are  certainly  fully  equal  to  those  prepared  by  the  other  methods. 

The  subsequent  treatment  is  as  in  the  other  methods,  t.e.,  the  piece  of  tissue 
is  rinsed  in  strong  alcohol,  cut  free  hand  or  gummed  on  a  block  without  any 
imbedding,  and  cut  with  a  microtome.  The  sections  are  washed  in  several 
changes  of  strong  alcohol,  cleared  in  oleum  origanum  Cretici,  washed  briefly  in 
xylol,  and  mounted  in  dammar  or  Canada  balsam,  thinned  with  xylol,  without  a 
cover  filip. 

It  would  be  interesting  to  ascertain  how  well  adapted  this  new  hardening 
reagent  would  be  for  preparing  the  central  nervous  system  for  other  methods  of 
staining,  «.^.,  the  Weigert  method. 


3.  On  an  Attempt  to  supply  Motor  Power  to  the  Musdesqfihe  Larynx  from 
a  New  Source.  By  Veterinary-Captain  F.  Smith,  F.B.C.  V.S.,  F.I.C, 
Army  Veterinary  Department^  Aldershot. 

The  subject  used  in  these  observations  was  the  horse,  the  inquiry  having  in 
view  the  possible  relief  of  the  respiratory  distress  so  common  in  this  animal  as  the 
result  of  laryngeal  paralysis. 

The  new  source  of  nerve  supply  was  sought  for  in  the  spinal  accessory.    The 
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lecurrent  and  fipinal  accessory  were  exposed  and  divided,  and  the  proximal  end 
of  the  accessory  was  satured  to  the  distal  end  of  the  recurrent. 

The  only  conyenient  test  which  could  he  employed  to  ascertain  what  progreas 
the  animal  was  making  after  the  operation  was  that  afforded  hy  galloping  it. 

In  one  case,  a  few  months  after  the  ahove  nerves  had  been  unit^,  there  was 
only  a  slight  harshness  in  the  breathing  during  inspiration,  even  when  the  horse 
was  severely  *  pressed ; '  whereas,  unless  nerve  impulses  were  passing  down  the 
accessory  and  through  the  recurrent  to  the  larynx,  tne  animal  should  have  suffered 
from  intense  dyspncsa,  as  the  whole  of  the  dilator  muscles  of  one  side  of  the  larynx 
would  have  been  paralysed. 

In  a  second  case,  the  recurrent,  before  suture  to  the  accessory,  was  known  to 
have  been  degenerated  for  at  least  two  years.  This  animal  continued  to  have 
noisy  breathing  up  to  the  time  it  was  destroyed  (twelve  months  after  the  operation), 
but  it  was  unaccompanied  by  distress. 

In  the  first  case  only  an  ordinary  post-mortem  examination  was  made  to 
ascertain  whether  the  nerves  were  united ;  in  the  second  horse  the  nerves  were 
8timulat-ed  electrically  immediately  after  death,  and  a  careful  microscopical 
examination  of  the  parts  made. 

On  stimulating  that  portion  of  the  recurrent  in  connection  with  the  larynx: 
the  muscles  actively  responded;  on  stimulating  the  accessory  well  above  the 
nodule  uniting  it  with  the  recurrent,  the  muscles  of  the  larynx  again  actively 
responded. 

These  observations  were  repeated  several  times  by  Professor  Del^pine,  of 
Manchester  (who  kindly  associated  himself  with  me  as  an  independent  observer 
in  the  post^^nortem  examination),  and  the  results  are  beyond  doubt. 

The  muscles  of  the  larynx  of  the  above  case,  supplied  by  the  acceasoiy- 
recurrent  nerve,  were  smaller  and  decidedly  paler  in  colour  than  the  healthy  ones 
on  the  opposite  side ;  on  directly  stimulating  the  muscles  every  portion  oi  them 
actively  responded  to  a  weak  current. 

Professor  Del^pine  examined  the  united  nerves  microscopically,  and  found  in 
the  recurrent  between  the  point  of  union  and  the  larynx  small  bundles  of  medul- 
lated  nerve  fibres  and  an  amount  of  epi-  and  peri-neurium  larger  than  normal.  The 
place  occupied  by  the  old  funiculi  was  quite  distinct,  but  the  nerve  fibres  occupied 
only  a  portion  of  the  spaces  thus  indicated.  The  nerve  fibres  were  all  of  smaller 
diameter  than  normal ;  most  of  them  had  a  very  thin  myelin  sheath  which  stained 
well  with  osmic  acid.  Professor  Del^pine  was  of  opinion  from  this  and  the  other 
observations  that  partial  regeneration  nad  certainly  taken  place,  and  that  regenera- 
tion was  progressing  at  the  time  of  death. 

By  the  tests  employed  it  was  not  possible  to  say  whether  co-ordination  of  the 
laryngeal  muscles  occurred,  but  it  is  proposed  in  future  observations  to  examine 
closely  into  this  subject,  and  employ  the  laryngoscope  to  ascertidn  whether  the 
impulses  to  the  larynx  are  sent  at  the  right  moqient. 

At  present  it  would  almost  appear  to  be  possible  to  educate  a  nerve  centre  to 
perform  a  duty  it  was  never  intended  for. 


4.  On  the  Causes  and  Prevention  of  Svffocaiion  in  Mines.     By  J.  S. 
Haldane,  M,A,i  M.D,^  Lecturer  on  Physiology ^  University  of  Oxford, 

Evidence  was  brought  forward  by  the  author  that  most  of  the  deaths  caused 
by  colliery  explosions  and  fires  in  the  workings  are  due  to  sufl'ocation,  so  that  a 
thorough  in*  tstigation  of  the  subject  is  of  ^at  practical  importance. 

He  concluded  that  poisoning  by  carbomc  acid  is  never  the  cause  of  death  in 
caaee  of  suffocation  by  choke-damp,  black-damp,  or  after-damp ;  that  deprivation 
of  oxygen  is  always  the  cause  in  the  cases  ot  choke-damp  or  black-damp,  and 
usually  the  cause  in  the  case  of  after-damp,  although  after-damp,  even  when 
much  diluted,  is  sometimes  poisonous  from  tlie  presence  in  it  of  products  of  in- 
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complete  eombastion,  such  as  carbonic  oxide  or  sulpharetted  hydrogen.  He  also 
discussed  the  effects  of  whiteHdamp,  and  drew  attention  to  the  exceedingly  poisonous 
character  of  the  gases  from  the  explosion  of  blasting  powder. 

In  conclusion  he  described  and  exhibited  a  portable  apparatus  for  enabling 
miners  to  escape  through  an  atmosphere  of  after-damp  to  the  fresh  air  in  Hm 
neighbourhood  of  the  shafts,  and  for  rescue  purposes. 


5.  Ohservatiom  on  the  Effects  of  After-damp. 
By  J.  Shaw  Lyttlb,  M.D. 

The  writer  gave  a  detailed  account  of  the  symptoms  presented  by  those  who 
were  found  alive  after  the  recent  explosion  at  the  Albion  Steam  Colliery. 


6.  Experiments  on  Memory.    By  W.  G.  Smith,  M.A.,  Ph.D. 

If  we  examine  any  case  of  ready  and  accurate  recollection  taken  from  our  daily 
experience,  we  find  it  difficult,  if  not  impossible,  to  say  how  much  of  this  accuracy 
is  due  to  such  factors  as  the  interest  which  the  experience  aroused,  the  attention 
which  we  paid  to  it,  the  amount  of  effort  and  time  spent  during  the  experience. 
The  following  experiments  were  carried  out  with  the  view  of  trying  to  isolate 
experimentally  the  process  of  attention,  and  showing  what  changes  in  recollection 
occur  when  various  kinds  of  distraction  of  attention  are  introduced.  The  experi- 
ments were  begun  in  the  Institute  for  Experimental  Psychology  in  Leipzig,  and 
have  been  carried  on  in  the  Physiological  Laboratory  in  Oxford. 

After  a  considerable  number  of  prelimiDary  experiments  had  been  made,  the 
following  method  was  adopted.  Twelve  letters  of  the  alphabet,  arranged  in  sach 
a  manner  that  intelligible  words  or  interesting  ideas  should  not  readily  be  sug- 
gested, were  written  upon  a  card,  so  as  to  form  three  lines.  The  card  was  shown 
to  the  reagent,  who  then  tried  to  learn  what  was  written  on  it.  In  each  new 
experiment  a  new  combination  of  letters  was  employed.  By  making  a  sufficiently 
large  number  of  observations  with  different  persons,  one  can  eliminate  to  a  con- 
siderable extent  the  fallacies  arising  from  varying  difficulty  or  familiarity  of  the 
combinations  employed.  The  card  was  shown  in  every  case  for  ten  seconds,  and 
the  reagent  was  required,  either  immediately  after  he  ceased  to  see  the  card  or  after 
an  interval  of  about  two  seconds,  to  reproduce  as  much  as  he  could  remember  of 
what  he  had  seen. 

A  distinct  and  at  the  same  time  fairly  simple  form  of  distraction  was  secured 
by  making  the  reagent  repeat  the  series  2, 4,  6,  8  .  .  .  ,  or  more  rarely  3,  0,  9  ... , 
while  he  was  learning  the  letters  on  the  card.  In  order  that  the  person  in  charge 
of  the  experiments  might  have  an  effective  control  over  the  activity  of  the  reagent, 
the  series  had  to  be  repeated  aloud,  and  each  step  in  the  addition  was  made  to 
coincide  with  the  stroke  of  a  metronome  going  at  the  rate  of  sixty  to  seventy  beats 
per  minute.  In  order  to  compare  the  results  of  this  form  of  distraction  with  those 
gained  where  the  vocal  organ  was  employed,  but  the  mental  effort  involved  was 
very  small,  the  reagent  was  next  rec^uired  while  memorising  to  repeat  aloud  with 
each  beat  of  the  metronome  an  unintelligible  syllable,  «.^.,  ^  la.'  This  form  of 
distraction  was  further  compared  with  that  cau8«?d  b^  activity  of  another  set  of 
muscles,  viz.,  those  employea  in  tapping  the  table  with  the  forefinger,  each  tap 
coinciding  with  a  beat  of  the  metronome.  Lastly,  experiments  were  carried  out 
to  show  the  effect  of  memorising  without  any  distraction  save  that  due  to  the  fact 
that  l^e  metronome  continued  to  beat.  These  four  variations  were  given  in  varying 
order  one  after  the  other,  and  were  so  arranged  that  8, 12, 16,  or  20  experiments 
were  made  in  one  hour. 

In  calculating  the  value  of  the  results  two  methods  were  applied.  The  first 
resembles  that  employed  by  Miinsterbeiv  ('fieitrage  zur  experimentellen  Psycho- 
logie'),  and  consists  m  summing  up  the  errors  committed  in  reproducing  the 
letters  written  on-  the  card.  The  errors  were  classified  as  follows : — (1)  Omission 
of  a  letter;  (2)  insertion  of  a  wrong  letter;  (8)  displacement  of  a  letter  or  repro- 
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duction  in  .wrong  order.  According  to  the  second  method,  which  resembles  that 
commonly  employed  in  estimating  ^e  value  of  answers  to  examination  papers,  a 
greater  value  is  assigned  to  letters  according  as  they  correspond  more  exactly  to 
what  was  written  on  the  card.  A  letter  which  was  given  in  a  wrong  position  or 
without  any  hint  as  to  its  position  had  the  value  I  attached  to  it.  When  a  certain 
imperfect  knowledge  of  it«  position  was  present,  as  when  it  was  located  in  the  right 
line  or  in  the  right  order  in  a  group  of  letters  whose  correct  poation  was  unknown, 
the  value  2  was  given.  Each  letter  counted  3  when  everything  was  correct. 
Letters  wrongly  inserted  were  disregarded.  From  an  analysis  of  the  results  given 
by  the  first  method  it  appeared  that  the  number  of  insertions  does  not  vary  very 
much,  and  only  in  a  few  cases  has  an  important  influence  on  the  results. 

All  the  results  of  over  five  hundred  experiments  made  with  nine  obeervers  have 
been  analysed  according  to  the  two  methods,  and  the  results  agree  except  in  a  few 
cases. 

The  general  conclusion  is  that  the  memory  is  worst  when  the  reagent  performs 
the  simple  sum  in  addition  (1) ;  it  is  better  when  the  distraction  is  caused  bv 
exercise  of  the  vocal  organ  (2) ;  that  caused  by  movement  of  the  forefinger  ($ 
does  not  make  the  recollection  much  worse  than  it  is  when  the  observer  is  not 
distracted  at  all  (4).  This  statement  holds  good  with  only  a  few  exceptions  for 
every  reagent,  and  is  confirmed  by  the  subjective  observations  given  in  reply  to  the 
questions  which  were  frequently  asked.  1?he  average  of  the  results  given  by  the 
nine  persons  who  assisted  in  the  experiments  is  as  follows :  the  upper  line  giyres 
the  values  according  to  the  first  method,  the  lower  the  values  according  to  the 
second  method  of  calculation — 

(1)  (2) 

97  8-7 

12-9  16-3 

An  analysis  of  the  errors  shows  that  the  curve  of  errors  of  omission  follows 
closely  that  of  the  total  number  of  errors :  the  other  two  kinds  of  error  are  mucli 
less  numerous,  and  do  not  show  any  very  important  variation.  A  detailed  analysis 
of  the  results,  together  with  a  discussion  of  their  meaning  and  value,  will  be  given 
in  a  future  number  of  Mind, 


(8) 

(4) 

7'96 

7-4 

18-5 

21-2 

7.  On  Typhoid  Bacilli  in  Water.    By  Dr.  L.  Olivier. 


WEDNEaDAT,  AUGUST  16. 
The  following  Papers  and  Report  were  read : — 

On  some  Physiological  Effects  of  the  Passage  of  Bapidly-altemating 
Currents  of  great  Intensity  through  Nerve.  By  Professor  Ouvkb 
LoDGB,  F.K.S.,  and  Professor  F.  Gotch,  F.R.S. 


2.  On  a  New  Spring  Kymograph  and  Polyrheotome. 
By  Professor  T.  W.  W.  Engelmann. 


3.  On  the  Production  udth  tlie   Capillary  Electrometer  of  Photographic 
Records  of  Currents  prodv>ced  by  SpeaJcing  into  a  TeHephone.    B^ 

Q.  J.  BUBCH. 

4.  Report  of  Hie  Committee  on  the  Structure  and  Function  of  the 
Mammalian  Heart. — See  Jleports,  p.  464. 
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morganshire,  second  report  on  the*  418. 

Anderson  (Dr.  Joseph)  on  an  ethnogra- 
phical survey  of  the  United  Kingdom, 
419. 

(Dr.  Tempest)   on  the  collection^ 

preservation,  and  systematic  registra- 
tion of  photograpJts  of  geological  in- 
terest  in  the  United  Kingdom,  27  L 

on  the  correction  of  optical  instru- 
ments for  individual  eyes,  686. 

on  certain  volcanic  subsidences  in 

the  north  of  Iceland,  650. 

Aniline,  the  specific  heat  of,  the  influence 
of  temperature  upon,  E.  H.  Griffiths  on, 
668. 

Animal  life,  the  homes  and  migprations  of 
the  earliest  forms  of,  as  indicated  by 
recent  researches.  Dr.  H.  Hicks  on,  657. 

Ant-arctic  geographical,  meteorologira/, 
and  natural  history  observations,  report 
of  the  Committee  for  mahing,  358. 

Anthropological  Section,  Address  by  Sir 
W.  H.  Flower  to  the,  762. 

Anthropometric  laboratory  at  the  Not- 
tingham meeting,  report  on  the  norh  of 
the,  444. 

worh  in  scJiools,  report  on,  439. 

Appendix : 

I,  Circular  sent  to  Schools,  440. 

II.  Suggestions     for     Anthropometric 
Observations  in  Schools,  441. 

^Antiquity  of  man  in  Belgium,  Prof.  M. 

Lohest  on  the,  784. 
Appletard  (Q.)  and  Dr.  J.  B.  Cohen, 

popular  method  for  the  estimation  of 

carbon  dioxide  in  the  air,  619. 
ArchsBOpteryx,  the  wing  of,  viewed  in  the 
'  light  of  that,  of  some  modem  birds, 

W.  P.  Pycraft  on,  693. 


^Arctic  expedition,  the  Jackson-Harms- 
worth,  A.  Montefiore  on  the,  717. 

f  Armenia,  Russian,  Dr.  A.  Markoff  on, 
711. 

Armstrong  (Prof.  H.  E.)  on  the  inresti- 
gaticn  of  isomeric  napthalene  deriva" 
tiees,  268. 

on  the  teaching  of  science  in  elemen- 
tary schools,  359. 

Aromatic  diaso-compound8,the  formation 
of  indazol  derivatives  from.  Prof.  E. 
Noelting  on,  622. 

series,  ortho-dinitroso  derivatives  of 

the,  Prof.  E.  Noelting  on,  620. 

Arrhenins'  law  of  dissociation,  the  deter- 
mination of,  Dr.  Meyer  Wildermann  on, 
616. 

f  Arsenic,  SchuUer's  yellow  modification 
of.  Prof.  H.  McLeod  on,  616 

Astronomical  theory  of  ice  ages  and 
general  ages,  the  inadequacy  of  the, 
E.  P.  Culverwell  on,  660. 

^Atkinson  (Edward)  on  prices,  wages, 
and  the  standard  of  value,  730. 

(R.   W.)    on   the  j»rehistoric    and 

ancient  remains  of  Glamorganshire, 
418. 

Atmosphere  of  a  rotating  planet,  the  law 
of  molecular  distribution  in  the,  O,  H, 
Bryan  on,  100. 

Atomic  weight  of  carbon,  Prof.  J.  A. 
Wanklyn  on  the,  619. 

Atbton  (Prof.  W.  E.)  on  practical  elec- 
trical standards,  1 17. 


Babinefs  principle  and  FresneVs  diffrac- 
tion theory,  a  lecture-room  experiment 
to  illustrate,  by  Pref,  A,  Comn,  480. 

^Bacillus,  a  Thames,  Prof.  Marshall  Ward 
on,  698 

Bacterium  in  milk,  the  chemical  action 
of  a  new,  A.  Bernstein  on,  608. 

Baildon  (Miss  F.)  on  a  visit  to  British 
New  Guinea,  716. 

(H.  Bellyse)  on  some  of  the  natives 

of  British  New  Guinea,  788. 

Baily  (F.  G.)  on  hysteresis  in  iron  and 
steel  in  a  rotating  magnetic  field,  676. 

Baker  (H.  Brereton)  on  the  electrifica- 
tion of  molecules  and  chemical  change, 
493. 

Balfour  (Henry)on  thebowas  a  musical 
instrument,  778. 

(Prof.  I.  Bayley),  Address  to  the 

Biological  Section  by,  667. 

Ball  (Sir  Robert)  on  a  general  theorem 
in  dynamics,  561. 

(Dr.  V.)  on  the  collection^  preserva- 
tion, and  systematic  registration  ef 
phttographs  of  geological  interest  in  the 
United  Kingdom,  274. 

Bank  of  England,  fifty  years*  accounts  of 
the,  A.  W.  Flux  on,  734.^ 
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Banks  of  small  channels  in  tidal  estu- 
aries, the  shape  of  the,  Ftof.  H.  Hen- 
nessy  on,  664. 

Baslow  (W.),  a  new  explanation  of  the 
wave-movements  of  a  stretched  string, 
693. 

Babbimoton  (R.  M.)  an  maUng  a  digest 
of  the  observations  on  the  migration  of 
Hrds,  348. 

^Barrow,  a  long,  near  Roshmore,  ex- 
ploration of,  by  General  Pitt-Rivers, 
784. 

♦ , ,  the  skeletons  from.  Dr.  J.  G. 

Garson  on,  784. 

BA8TABLB  (Prof.  C.  F.),  Address  to  Ihe 
Section  of  Economic  Science  and  Sta- 
tistics, 719. 

Bathymetrical  survey  of  the  English 
lakes,  Di.  H.  R.  Mill  on  a,  713. 

of  the  French  lakes,  E.  Delebeoque 

on  the,  712. 

Bauebman  (H.)  on  tJie  proximate  ohemi" 
eal  constituents  of  ooal,  246. 

on  the  voloanio  phenomena  of  Vesu^ 

vius  and  its  neighhuwrhood,  315. 

^Batliss  (W.  M.)  on  some  vasodilator 
reflexes,  811. 

• and  Dr.  Btabliko  on  the  in- 
nervation of  the  portal  vein,  811. 

Bbabb  (Prof.  T.  Hudson)  on  methodt  of 
determining  the  drynen  of  steam,.,  892. 

Beat-tones,  the  production  of,  from  two 
vibrating  bodies  whose  frequencies  are 
so  high  as  to  be  separately  inaudible, 
A.  M.  Mayer  on,  673. 

Bbodoe  (Dr.  John)  <m  an  ethnographical 
survey  of  the  United  A'ingdom,  419. 

on  complexional  differences  between 

natives  of  Ireland  with  indigenous 
and  exotic  surnames  respectively,  775. 

Bedfobd  (J.  E.)  on  the  collection,  pre^ 
serration,  and  systematic  registration 
of  photographs  of  geological  interest  in 
the  United  Kingdom,  274. 

Bedson  (Prof.  P.  P.)  on  the  proximate 
chenvieal  constituents  of  coal,  246. 

^Belgium,  the  antiquity  of  man  in,  Prof. 
Max  Lohest  on,  784. 

,  the    present   state  of   prehistoric 

studies  in.  Count  Goblet  d'Alviella  on, 
783. 

Bell  (A.  Monigomerie)  on  the  Pleisto- 
cene gravel  at  WolvercotCi  near  Ox- 
ford, 663. 

(Dugald)  on  the  character  of  the 

high-level  shell-bearing  deposits  at 
Clava,  Chapelhall,  and  other  localities, 
307. 

(Sir  I.  Lowthian)  on  the  proximate 

chemical  oonstitvents  of  coal,  246. 

(J.)  on  the  prehistoric  and  ancient 

remains  qf  Qlamorganshvre,  418 

Ben  Nevis,  meteorological  observations  on, 
report  on,  108. 


*Bbnedkn  (Prof.  E.  van)  on  the  relm- 

tions  of  protoplasm,  684. 
♦ on  the  origin  and  morphological 

signification  of  the  notochord,  684. 
Ben  HAM  (Dr.  W.  B.)  on  the  blood  of 

Magelona,  696. 
>  suggestions  for  a  new  classification 

of  the  Polycheta,  696. 
Benson  (Miss  M.)  on  the  phylogenetio 

position  of  the  Chalasogamic  Amen- 

tifer»,  687. 
Bent  (J.  Theodore)  an  the  exploration 

of  Badramout,  in  Southern  Arabia, 

354. 
on  the  natives  of  the  Hadramont 

786. 
Bebnbtein  (A.),  the  chemical  action  of 

a  new  bacterium  in  milk,  608. 
Bessemer    flame    spectra.    Prof.  W.   N. 

Hartley  on,  610. 
^Bhutan   and    the    Himalayas    east  of 

Daijiling,  Col.  H.  Godwin-Austen  on, 

717. 
Bibliography  of  solution,  eighth  (interim) 

report  an  the,  246. 
of  spectroscopy,  sixth  report  on  the, 

161. 
Bicycles,  spring  spokes  for,  Prof.  J.  D. 

Everett  on,  760. 
Bimetallism,  the    mechanics  of,    Prof. 

Irving  Fisher  on,  729. 
Biological  Association  at  Plymouth,  the 

Marine,  report  on  investigations  made 

at  the  laboratory  qf,  345. 

On  the  deeelopnutnt  of  Alcyonium,  by 
Br,  S.  J.  Hichson,  345 

On  the  later  stages  in  the  development  qf 
decapod  Crustacea,  by  Edgar  J,  Allen, 
345. 
Section,  Address  by  Prof.  I.  Bayley 

Balfour  to  the,  667. 
Birds*  eggs,  mild,  the  legislative  protection 

ef,  report  an,  347. 
Birds,  the  migration  qf,  interim  report  qf 

the  Committee  for  making  a  digest  ef 

the  observations  on  the,  348. 

the  wing  of  Archeopteryx  viewed 


in  the  light  of  that  of  some  modem, 

W.  P.  Pycraf t  on,  693. 
BietwhiaTLB  (A.)  on  the  Calf  Bole  Cave, 

272. 
Black  death  in  Italy,  the  economic  results 

of  the,  M.  Kovalevsky  on,  733. 
BLAKS(Uev.  J.  F.)  on  sporadic  glacia- 

tion  in  the  Harlech  Mountains,  659. 
on  the  mechanics  of  an  ice-sheet, 

661. 
Blanfoed  (Dr.  W.  T.)  on  the  present 

state  qf  our  knowledge  of  the  zoology  qf 

the  Sandwich  Islands,  343. 
Blastocyst  of  the  mammalia,  the  dider- 

mic.  Prof.  A.  A.  W.  Hubrecht  on,  681. 
Blood  of  the  Magelona,  Dr.  Vi^tAl  «.Benvy 

ham  on  ths,  696.  x3i-  -         *   i 
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BroxAU  (a.  W.)  om  the  exploration  of 

ffadramout,  in  Southern  Arabia,  354. 
»—  on  an  ethnographical  survey  of  the 

United  Kingdom,  419. 
•_  on  the  phyeioal  and  mental  dema* 

tions  from  the  normal  among  ehildr&n 

in  schools,  434. 

—  on  anthropometric  work  in  solvooU, 
439. 

on  the  work  of  the  anthropometric 

laboratory  at  the  Nottingham  meeting, 
444. 

on  the  North-  Western  tribes  of  the 

Dominion  of  Canada,  493. 

f  Blundell  (H.  W.)  on  a  journey  in  the 
Libjan  desert,  716. 

Boas  (Dr.  F.)  on  the  Indian  tribes  of  the 
Lower  Fraser  River,  464. 

Body  and  mind,  the  relations  between, 
as  expressed  in  early  languages,  cus- 
toms, and  myths,  Rev.  (i.  Hartwell 
Jones  on,  779. 

BoLTZiCAMN  (Prof.  L.)  on  tlie  application 
cf  the  detorminantal  relatiun  to  the 
kinetic  theory  of  polyatomic  gases, 
102. 

^—  on  Maxwell's  method  of  deriving 
the  equations  of  hydrodynamics  from 
the  kinetic  theory  of  gases,  579. 

BoNKEY  (Prof.  T.  Q.)  on  the  work  of  the 
Corresponding  Societies  Committee,  19. 

' on  the  collection,  preservation,  and 

registration  of  photographs  of  geological 
interest  in  tlie  United  Kingdom,  274. 

,  a  comparison  of  the  pebbles  in  the 

Trias  of  Budleigh  Salterton  and  of 
Cannock  Ohase,  665. 

—  on  the  probable  temperature  of  the 
glacial  epoch,  660. 

Borneo,  the  alleged  presence  of  negritoes 
in,  H.  Ling  Roth  on,  780. 

♦Botanical  diagrams  exhibited  by  Prof. 
Kny,  689 ;  by  Prof.  L.  Errera,  696. 

Botamy  and  zoology  of  the  West  India 
Islands,  seventh  report  on  the  present 
state  of  our  knowledge  of  the,  344. 

BOTTOMLBY  (Dr.  J.  T.)  on,  practical 
electrical  standards,  117. 

BouBNE  (G.  C.)  on  investigations  made 

.  at  the  Marine  Biological  Association 
laboratory  at  Plymouth,  846. 

(Stephen)  on  the  teaching  ofsjience 

in  elementary  schools,  369. 

Bow  as  a  musical  instrument,  H.  Bal- 
four on  the,  778. 

BowBB  (Prof.  F.  O.)  on  sterilization  and 
a  theory  of  the  strobilus,  696. 

Bbabrook  (E.  W.)  on  an  ethnographical 
survey  of  the  United  Kingdom,  419. 

on  the  physical  and  mental  devia- 
tions from  the  normal  among  children 
vn  schools,  434. 

—  on  afithropometric  work  in  schools, 
439. 


BSAGOB  (Robert)  and  Henry  Lba  on  a 
special  chvonograph,  757. 

♦Brain,  the  valuation  of  propoiiioDal 
dimensions  in  the  description  of  tbe. 
Prof.  L.  Manouvrier  on,  788. 

of    a    young    Fuegian,    Pro£.    L. 

Manouvrier  on  the,  787. 

Bbauwell  (Sir  F.  J.)  on  earth  tremtara, 
146. 

on  methods  of  determining  the  dry- 
ness of  steam  in  boiler  trials,  392. 

f ,some  reminiscences  of  steam  loco- 

motion  on  common  roads,  748. 

♦British  camps  and  a  long  barrow  near 
Rnshmore,  exploration  of,  by  €ren. 
Pitt-Rivers,  784. 

♦ Isles,  a  new  representation  of  the 

vertical  relief  of  the,  B.  Y.  Darbishiie 
on,  718. 

Bbowk  (Prof.  A.  Crum)  on  mete&ro^ 
logical  observations  on  Ben  Nevis,  108. 

(M.  Walton)  on  earth  tremors,  145. 

Bbowne  (Montagu)  on  some  vertebrate 
remains  from  the  Rh»tic  strata  of 
Britoin,  667. 

♦BbOhl  (Prof.  W.  J.)  investigations  on 
tautomerism,  620. 

BBYA17  (G.  H.)  report  on  the  present  state 
of  our  knowledge  of  thernuhdynamics. 
Part  II, :  the  laws  of  distribution  of 
energy  a/nd  their  limitations,  64. 

BUCHAN  (Dr.  A.)  on  meteorological  cheer' 
vations  on  Ben  Nevis,  108. 

Buchanan  (J.  Y.)  on  making  geo- 
graphical, meteorological,  and  natural 
history  observations  in  South  Georgia 
or  other  Antarctic  island,  358. 

t ,    researches    by    the    Prince    of 

Monaco  in  the  North  Atlantic  and 
Mediterranean  during  the  summer  of 
1894.  717. 

BUCKLAND  (Miss  A.  W.)  on  the  signifi- 
cance of  objects  with  holes,  790. 

BuLLEiD  (A.)  on  the  lake  village  at 
Glastonbury,  431. 

♦BUBGH  (G.  J.)  on  the  production  with 
the  capillary  electrometer  of  photo- 
grapliic  records  of  currents  produced 
by  speaking  with  a  telephone,  818. 

BUBKB  (J.)  on  the  luminosity  observed 
when  a  vacuum  bulb  is  broken,  585. 

BUBSTALL  (H.  F.  W.)  on  the  tempera- 
ture entropy  diagrams,  758. 

Bute  (Lord)  on  the  prehistoric  and 
ancient  remains  of  Olamorganshire, 
418. 


Calf  Hole  Cave,  near  Skipton^  report  on 

the  exploration  of  the^  272. 
Calibration    of   engineering   laboratoiy 

instruments,  Prof.  D.  S.  Capper    on 

the,  759. 
Campbell  (Prof.  D.  H.)  on  the  origin. 
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-  of  the  seznal  organs  of  the  Pteri- 
dophytes,  695. 

Campbell  (Prof.  D.  H.)  on  the  germina- 
tion of  the  spores  of  the  Ophioglossese, 
696. 

*Camphene,  some  derivatives  of,  J.  E. 
Marsh  and  J.  A.  Gardner  on,  629. 

CaffMda,  North-Western  tribes  of  the  D<h 
minion  of,  niiith  report  on  the,  453. 

Gannan  (Edwin)  on  inequality  in  local 
rates:  its  extent,  causes,  and  conse- 
quences, 734. 

Gappeb  (Prof.  David  S.)  on  engineering 
laboratory  instruments  and  their  cali- 
bration, 759. 

Carbon,  the  atomic  weight  of.  Prof.  J.  A. 
Wanklyn  on,  619. 

—  dioxide  in  the  air,  popular  method 
for .  the  estimation  of,  by  Dr.  J.  B. 
Cohen  and  G.  Appleyturd,  619. 

Carbonic  acid  in  air,  the  proportions  of, 
which  axe  extinctive  to  flame,  and 
which  are  irrespirable,  Prof.  F.  Clowes 
on,  605. 

Carboniferous  limestone,  Triassic  sand- 
stone, and  salt^bearing  marls  of  the 
north  of  the  Isle  of  Man,  Prof.  W.  Etoyd 
Dawkins  on  the,  662. 

•Cabo  (Dr.  H.)  on  some  new  colouring 
matters,  628. 

Carpus,  the,  of  the  Greenland  right- 
whale  compared  with  those  of  fin- 
whales.  Prof.  J.  Struthers  on,  684. 

Cabbuthsbs  (W.)  on  the  preserU  state  of 
wtr  knowledge  of  the  zoology  and  botany 
of  the  West  India  Islands^  344. 

CABTAiLHAC(Dr.  Emile),  the  troglodytes 
.  of  the  Bruniquel,  a  grotto  of  ironworks 
on  the  borders  of  Aveyron,  782. 

,  a  new  statuette  of  the  Reindeer 
ago,  representing  a  woman,  sculptured 
in  ivory,  783. 

,  the  end  of  the  Stone  age  on  the 

borders  of  the  Mediterranean  basin,783. 

Catenary,  a  property  of  the,  Prof.  H. 
Hennessy  on,  678. 

•Cathode  rays,  the  velocity  of  the.  Prof. 
J.  J.  Thomson  on,  682. 

Cave,  tJie  Calf  ffble,  near  J^ipton,  report 
on  the  espploration  of,  272. 

Chalazogamic  Amentifers,  the  phylo- 
genetic  position  of  the,  Miss  M.  Benson 
on,  687. 

Chalk  -  forming  and  chalk  -  destroying 
aigs,  some,  Prof.  T.  Johnson  on,  683. 

Chambeblain  (Prof.  Basil  Hall)  on  the 
Loochooan  language,  789. 

Chapelhall  clay,  report  on  the,  by  D. 
Robertson,  313. 

ChoTnieal  change  and  the  electrification  of 
molecules,  H,  Brereton  Baker  on,  493. 

change,  experiments  on  the  rate  of 

progress  of,  Dr.  J.  H.  Gladstone  on 
some,  616. 


Chemical  combination  and  the  Osehatrge 

of  electrieity  through  gases,  the  eonnec' 

tion  between,  Prqf,  J.  J,  Thomson  on^ 

482. 
Section,  Address  by  Prof.  H.  B. 

Dixon  to  the,  594. 
Chess,  end  games  at,  Lieut.-CoL  Allan 

Cunningham  on,  564. 
Children  in  schools,  the  physical  and 

mental   demotions  from    the   normal 

among,  report  on^  434. 

Appendix  : 

I.  Certificate  as  to  a  child  requiring 
special  educationaZ  trainirig,  437. 

II.  Statistical  report  concerning  50,000 
children^  437. 

III.  Distribution  of  the   cases  as   to 
standards,  438. 

Chisbolm  (G.  G.)  on  the  best  method 

of  aiming  at  uniformity  in  the  spelliog 

of  place-names,  717. 
*  Chlorine  and  iodine,  the  diffusion  of 

very  dilute  solutions  of,  A.  P.  Laurie 

on,  620. 
•Chlorophyll  in  animals.  Prof.  E.  Bay 

Lankester  on,  684. 
^Chordata,  the  ancestry  of  the,  W.  Gar- 

stang  on,  683. 
Chbeb  (C.)  on  the  best  methods  of  tv- 

oording  the  direct  intensity  of  solar 

radiation,  106. 
•Chromosomes,  the  periodic  variation  in 

the  number  of.  Prof.  E.  Strasburger  on, 

684. 
Chronograph,  a  special,  Henry  Lea  and 

Bobert  Bragge  on,  757. 
Chbybtal  (Prof.  G.)  on  practical  elec- 
trical standards,  117. 
•Chubch  (A.),  an  exhibition  of  algae,  684. 
Church  Army  and  the  unemploy^,  Bev. 

W.  H.  Hunt  on  the,  729. 
^Circulation,  the  effect  of  gravity  on  the. 

Dr.  L.  Hill  on,  809. 
Clabk  (G.  M.)  on  a  direct  reading  form 

of  platinum  thermometer,  768. 
(G.  T.)  on  the  prehistoric  and  ancient 

remains  of  Glaviorganshire,  418. 
(Dr.  James)  on   the   infiuence   qf 

previous  fertilisation  of  the  female  on 

her  subsequent  offspring,  and  the  effect 

qf  maternal  impressions  during  preg- 

naficy  on  the  offspring,  346. 
• on  the  hybridisation  of  orchids, 

687. 
Clarke  (S.)  on  the  geography  of  Lower 

Nubia,  718. 
(W.  E.)  on  making  a  digest  of  the 

observations  on  the  migration  of  birds, 

348. 
Clava,  Chapelhall,  and  other  localities, 

second  report  on  the  character  of  the 

high-level  shell-bearing  deposits  at,  307. 

Appendiw,  on  the  Chapelhall  clay,  by 

David  Robertson,  313. 
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Clatdbn  (A.  W.)  on  the  appUcatioih  of 
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Contents  :— Report  of  the  Corresponding  Societies  Committee ;— Beport  on  the 
present  state  of  our  knowledge  of  Thermodynamics,  specially  with  regatxl  to  the 
Second  Law  ; — Sixth  Beport  on  Electrolysis  in  its  Physical  and  Chemical  Bearings : 
— Eleventh  Report  on  the  Earthquake  and  Volcanic  Phenomena  of  Japan  ; — Second 
Beport  of  the  Committee  for  calculating  Tables  of  certain  Mathematical  Functions, 
and,  if  necessary,  taking  steps  to  carry  out  the  Calculations,  and  publishing  the 
results  in  an  accessible  form ; — Fifth  Beport  on  the  application  of  Photography  to 
the  Elucidation  of  Meteorological  Phenomena ;— Beport  on  the  Discharge  of  Elec- 
tricity from  Points ;— Beport  of  the  Committee  for  co-operating  with  the  Scottish 

Meteorological  Society  in  making  Meteorological   Observations  on  Ben  Nevis; 

Third  (interim)  Report  on  the  various  Phenomena  connected  with  the  Becalescent 
Points  in  Iron  and  other  Metals; — Second  (interim)  Beport  of  the  Comniittee  for 
co-operating  with  Dr.  Kerr  in  his  Besearches  on  Electro-optics ;— Beport  of  the 
Committee  for  co-operating  with  Dr.  C.  Piazxi  Smyth  in  his  Besearches  on  the  Ultra- 
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violet  Bays  of  the  Solar  Spectram ; — Keport  on  the  best  means  of  Comparing  and 
Bedacing  Magnetic  Observations ; — Report  of  the  Committee  for  constructing  and 
issuing  Practical  Standards  for  use  in  Electrical  Measurements ; — Interim  Report  of 
the  Committee  for  carrying  on  the  Tables  connected  with  the  Fellian  Equation  from 
the  Point  where  the  work  was  left  by  Degen  in  1817  ; — Seventh  Report  on  the  best 
methods  of  recording  the  direct  Intensity  of  Solar  Radiation; — Report  on  the 
Preparation  of  a  new  series  of  Wave-length  Tables  of  the  Spectra  of  the  Elements 
and  Compounds ; —Interim  Report  on  the  Action  of  Light  upon  Dyed  Colours  ;--i- 
Report  (provisional)  on  the  Influence  of  the  Silent  Discbarge  of  Electricity  on  Oxygen 
and  other  Gases ; — Third  Report  on  the  Bibliography  of  Spectroscopy ; — Fifth  Report 
on  Isomeric  Naphthalene  Derivatives ; — Fifth  Report  on  the  Bibliography  of  Solu- 
tion;— Third  Report  on  the  best  method  of  establishing  an  Interoational  Standard 
for  the  Analysis  of  Iron  and  Steel  ;~Provisional  Report  on  the  direct  formation  of 
Haloid  Compounds  from  pure  materials ; — Report  (provisional)  on  the  Absorption 
Spectra  of  Pure  Compounds; — Nineteenth  Report  on  the  Erratic  Blocks  of  England, 
Wales,  and  Ireland ; — Second  Report  on  the  Registration  of  all  the  Type  Specimens 
of  British  Fossils  ; — Seventeenth  Report  on  the  Circulation  of  Underground  Waters 
in  the  Permeable  Formations  of  England  and  Wales,  and  the  Quantity  and  Character 
of  the  Water  supplied  to  various  Towns  and  Districts  from  these  Formations ; — 
Report  on  the  Volcanic  Phenomena  of  Vesuvius  and  its  neighbourhood ; — Second 
Report  on  the  collection,  preservation,  and  systematic  registration  of  Photographs 
of  Geological  Interest  in  the  United  Kingdom; — Report  on  the  advisability  and 
possibility  of  establishing  in  other  parts  of  the  country  Observations  upon  the 
Prevalence  of  Earth  Tremors  similar  to  those  now  being  made  in  Durham  in  connec- 
tion with  coal-mine  explosions; — Report  of  the  Committee  for  working  the  very 
Fossiliferous  Transition  Bed  between  the  Middle  and  Upper  Lias  in  Northampton- 
Bhire,  in  order  to  obtain  a  more  clear  idea  of  its  fauna,  and  to  fix  the  position  of 
certain  species  of  Fossil  Fish,  and  more  fully  investigate  the  horizon  on  which  they 
occur ; — Report  of  the  Committee  to  complete  the  investigation  of  the  Cave  at 
Elbolton,  near  Skipton,  in  order  to  ascertain  whether  Remains  of  Palaeolithic  Man 
occur  in  the  Lower  Cave  Earth  ; — Report  of  the  Committee  for  carrying  on  excava- 
tions at  Oldbury  Hill,  near  Ightham,  in  order  to  ascertain  the  existence  or  otherwise 
of  Rock-shelters  at  this  spot ; — Fourth  Report  on  the  present  state  of  our  knowledge 
of  the  Zoology  and  Botany  of  the  West  India  Islands,  and  on  the  steps  taken  to 
investigate  ascertained  deticiencies  in  the  Fauna  and  Flora ; — Draft  Report  on  the 
present  state  of  our  knowledge  of  the  Zoology  of  the  Sandwich  Islands,  and  on  the 
eteps  taken  to  investigate  ascertained  deficiencies  in  the  Fauna;— Fifth  Report  of 
the  Commit.tee  for  taking  steps  for  the  establishment  of  a  Botanical  Laboratory  at 
Peradeniya,  Ceylon ; — Fourth  Report  on  the  Disappearance  of  Native  Plants  from  their 
Local  Habitats ; — Report  of  the  Committee  for  making  a  digest  of  the  observations 
on  the  Migration  of  Birds  at  Lighthouses  and  Light-vessels,  which  have  been  carried 
on  by  the  Migration  Committee  of  the  British  ^association; — Report  on  the  occupa- 
tion of  a  Table  at  the  Laboratory  of  the  Marine  Biological  Association  at  Plymouth ; 
— Report  on  the  occupation  of  a  Table  at  the  Zoological  Station  at  Naples ; — Report 
of  the  Committee  for  improving  and  experimenting  with  a  Deep-sea  Tow-net  for 
opening  and  closing  under  water; — Report  on  the  teaching  of  Science  in  Elementary 
Schools  ; — Third  Report  on  the  investigation  of  the  Action  of  Waves  and  Currents 
on  the  Beds  and  Foreshores  of  Estuaries  by  means  of  Working  Models  ; —  Report  of 
the  Committee  for  editing  a  new  Edition  of  *  Anthropological  Notes  and  Queries ;  * — 
Seventh  Report  on  the  North-western  Tribes  of  the  Dominion  of  Canada; — Fifth 
Report  on  the  Prehistoric  Inhabitants  of  the  British  Islands; — Fourth  and  Final 
Report  of  the  Committee  to  arrange  an  Investigation  of  the  Seasonal  Variations  of 
Temperature  in  Lakes,  Rivers,  and  Estuaries  in  various  parts  of  the  United  Kingdom 
in  co-operation  with  the  local  societies  represented  on  the  Association ; — On  the 
Capture  of  Comets  by  Planets,  especially  their  Capture  by  Jupiter ;  -The  Recent 
Progress  of  Agriculture  in  India. 

Together  with  the  Transactions  of  the  Sections,  Dr.  Huggins's  Address,  and  Reso- 
lutions of  the  General  Committee  of  the  Association. 


1894. 
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REPORT    OP   THs    SrXTY-SECOND    MEETING,  at  Edinburgh, 
Angnst  1892,  Published  at  £i  4a. 

Contents  : — Report  of   the  Corresponding  Societies  Committee  ; — Report  on 
Meteorological  Observations  on  Ben  Nevis ; — Seventh  Report  on  Electrolysis  in  xM 
Fhysioal  and  Chemical  Bearines; — Report  on  the  Phenomena  aooompanyin^  the 
Discharge  of  Electricitj  from  Points; — Second  Report  on  the  Ultra- violet  Bays  of 
the  Solar  Spectrum ; — Second  Report  on  the  Application  of  Photography  to  the  Bin- 
cidation  of  Meteorological  Phenomena; — Twelfth  Report  on  the  Saitbquake  and 
Volcanic  Phenomena  of  Japan ; — Nineteenth   Report  on  the  Rate  of   Increase  of 
Underground  Temperature  downwards  in  various  Localities  of  Dry  Land  and  onder 
Water ; — Report  of  the  Committee  for  constructing  and  issuing  Practical  Standards 
for  use  in  Electrical  Measurements  ;— Report  on  Electro-optics ; — Eighth  Report  on  the 
best  methods  of  recording  the  direct  Intensity  of  Solar  Radiation ; — Report  on  Coo- 
stants  and  Units; — On  the  Application  of  Interference  Methods  to  Spectroeoopie 
Measurements; — Fourth  Report  on  establishing  an  International  Standard  for  the 
Analysis  of  Iron  and  Steel ; — Sixth  Report  on  Isomeric  Naphthalene  Derivatives  ;— 
Fourth  Report  on  the  Bibliography  of  Spectroscopy ; — Report  on  the  Action  of  Light 
on  the  Hydracids  of  the  Halogens  in  presence  of  Oxygen ; — Report  on  Wave-lengtii 
Tables  of  the  Spectra  of  the  Elements  and  Compounds ; — Sixth  Report  on  the  Biblio- 
graphy of  Solution  ; — Sixth  Report  on  the  Nature  of  Solution ; — Report  (provisions!) 
on  the  Formation  of  Haloids  from  pure  Materials; — Report  (provisional)  on  the 
Influence  of  the  Silent  Di8charg<>  of  Electricity  on  Oxygen  and  other  Gases  ; — Beport 
(provisional)  on  the  Action  of  Light  upon  Dyed  Colours ; — Report  on  the  Proximate 
Constituents  of  the  various  kinds  of  Coal ; — Eighteenth  Report  on  the  Circnlation  of 
the  Underground  Waters  in  the  Permeable  Formations  of  England,  and  the  Qnali^ 
and  Quantity  of  the  Waters  supplied  to  various  Towns  and  Districts  from  these  For- 
mations ; — Report  on  the  Investigation  of  the  Cave  at  Blbolton ; — Twentieth  Bepoit  cb 
Erratic  Blocks ; — Third  Report  on  the  Registration  of  the  Type  Specimens  of  Britid 
Fossils ;— Third  Report  on  the  Collection,  Preservation,  and  Systematic  Registratknof 
Photographs  of  Geological  Interest;— Ninth  Report  on  the  Fossil  Phyllopoda  of  ths 
Palseozoic  Rocks ; — Report  on  the  Cretaceous  Polysoa ;— Report  on  the  Volcanic  Pheno- 
mena of  Vesuvius  and  its  neighbourhood ; — Report  on  the  advisability  and  possibility  of 
establishing  in  other  parts  of  the  country  observations  upon  the  prevalence  of  ^otb 
Tremors  similar  to  those  now  being  made  in  Durham  in  connection  with  ooal-mino 
explosions  ; — Report  on  work  done  at  the  Zoological  Station  at  Naples  ; — Fifth  Bepoit 
on  the  present  state  of  our  Knowledge  of  the  Zoology  and  Botany  of  the  West  India 
Islands,  and  the  steps  taken  to  investigate  ascertained  deficiencies  in  the  Fauna  sod 
Flora ;— Second  Report  on  the  present  state  of  our  Knowledge  of  the  Zoology  of  the 
Sandwich  Islands,  and  the  steps  taken  to  investigate  ascertained  deficiencies  in  the 
Fauna; — Report  on  the  occupation  of  a  Table  at  the  Laboratory  of  the  Marine  Biokv 
gical  Association  at  Plymouth  ; — Sixth  Report  on  the  establishment  of  a  Botanical 
Laboratory  at  Peradeniya,  Ceylon ; — Report  of  the  Committee  for  making  a  Digest 
of  the  Observations  on  the  Migration  of  Birds  at  Lighthouses  and  Light- vessels ; — 
Report  on  a  Deep-sea  Tow-net  for  opening  and  closing  under  Water ; — Report  on 
proposals  for  the  Legislative  Protection  of  Wild  Birds'  Eggs ; — Report  on  the  Glims* 
tological  and  Hydrographical  Conditions  of  Tropical  Africa ; — Report  on  the  Teaching 
of  Science  in  Slementuy  Schools ; — Second  Report  on  the  Development  of  Graphic 
Methods  in  Mechanical  Science ;— Shield  Tunnelling  in  Loose  Gronnd  under  Water 
Pressure,  with  special  reference  to  the  Vymwy  Aqueduct  Tunnel  under  the  Mersey  ;— 
Report  of  the  Committee  for  editing  a  new  Edition  of  *  Anthropological  Notes  and 
Queries ; ' — Report  on  the  Rains  of  Mashonaland  and  the  Habits  and  Customs  of  the 
inhabitants ; — Report  on  the  Prehistoric  and  Ancient  Remains  of  Glamorganshire  ;— 
Eighth  Report  on  the  Physical  Characters,  Languages,  and  Industrial  and  Social  Oon* 
dition  of  the  North- Western  Tribes  of  the  Dominion  of  Canada; — Beport  on  the 
Habits,  Customs,  Physical  Characteristics,  and  Religions  of  the  Natives  of  India;— 
Report  on  the  work  done  in  the  Anthropometric  Laboratory. 
.^^      Together  with  the  Transactions  of  the  Sections,  Sir  Archibald  Geilde's  Addresi 
^and  Resolutions  of  the  General  Committee  of  the  Association. 
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REPORT  OF  THE  SIXTY-THIRD  MEETING,  at  Nottingham, 
September  1893,  Published  at  £1  is. 

C02VTBNT8  :•— AddreM  by  the  RresideDt,  ProfetBor  Bnrdon  Sandenon ;— Report 
of  the  Corresponding  Societies  Committee ; — Report  on  the  Tables  oonneoted  with 
the  Pellian  Equation  from  the  Point  where  the  work  was  left  by  Degen  in  1817 ; — 
Interim  Report  on  the  Establishment  of  a  National  Physical  Laboratory ;— Interim 
Report  on  the  best  means  of  Comparing  and  Reducing  Magnetic  Observations ; — 
Report  on  Electro-optics ; — Report  on  Magnetic  Work  at  the  Falmouth  Observatory; 
— Report  on  Practical  Standards  for  Electrical  Measurements; — Third  Report  on 
the  Application  of  Photography  to  the  Elucidation  of  Meteorological'  Phenomena ; — 
Ninth  Report  on  the  best  methods  of  recording  the  direct  Intensity  of  Solar  Radia- 
tion ; — Report  on  the  present  state  of  our  Knowledge  in  Electrolysis  and  Electro- 
chemistry;— Thirteenth  Report  on  the  Earthquake  and  Volcanic  Phenomena  of 
Japan ; — Interim  Report  on  the  Bibliography  of  Spectroscopy ; — Report  of  the  Com- 
mittee for  Calculating  Tables  of  certain  Mathematical  Functions ;— Report  on 
Meteorological  Observations  on  Ben  Nevis ; — Report  on  Earth  Tremors; — The  Action 
of  Magnetism  on  Light,  with  a  critical  correlation  of  the  various  Theories  of  Light- 
propagation,  by  J.  Larmor ;~Interim  Report  on  the  Bibliography  of  Solution; — 
Report  on  the  Action  of  IJght  upon  Dyed  Colours;— Seventh  Report  on  Isomeric 
Naphthalene  Derivatives;— Report  on  Wave-length  Tables  of  the  Spectra  of  the 
Elements  and  Compounds : — Fifth  Report  on  establishing  an  International  Standard 
for  the  Analysis  of  Iron  and  Steel; — Report  on  Solution  ;— Report  on  the  Influence 
of  the  Silent  Discharge  of  Electric!^  on  Oxygen  and  other  Oases ; — Bacteriology  in 
its  Relations  to  Chemical  Science,  by  Percy  Frankland ; — Nineteenth  Report  on  the 
Circulation  of  Underground  Waters; — Tenth  Report  on  the  Phyllopoda  of  the 
Palseosotc  Rocks ; — Report  on  the  Eurypterid-bearing  Deposits  of  the  Pentland  Hills ; 
— Report  on  the  Volcanic  Phenomena  of  Vesuvius  and  its  Neighbourhood ; — Report 
on  the  Collection,  Preservation,  and  Systematic  Registration  of  Photographs  of 
Geological  Interest  in  the  United  Kingdom ;— Fourth  Report  on  the  Registration  of 
the  Type  Specimens  of  British  Fossils ;— Report  on  the  Character  of  the  High-level 
Shell-beariug  Deposits  at  Clava,  Chapelhall,  and  other  localities; — Twenty-first 
Report  on  the  Erratic  Blocks  of  England,  Wales,  and  Ireland ;— Third  Report  on  the 
present  state  of  our  Knowledge  of  the  Zoology  of  the  Sandwich  Islands ; — Interim 
Report  of  the  Committee  for  making  a  Digest  of  the  Observations  on  the  Migration 
of  Birds  at  Lighthouses  and  Light- vessels; — Sixth  Report  on  the  present  state  of  our 
Knowledge  of  the  Zoology  and  Botany  of  the  West  India  Islands ; — Report  on  the 
Marine  Zoology  of  the  Irish  Sea ; — Report  on  the  Occupation  of  a  Table  at  the  Zoolo- 
gical Station  at  Naples;— Report  on  Investigations  made  at  the  Laboratory  of  the 
Marine  Biological  Association,  Plymouth ;— Report  on  the  Physiological  Action 
of  the  Inhalation  of  Oxygen  in  Asphyxia,  more  especially  in  Coal  Mines ; — Report  on 
the  Legislative  Protection  of  Wild  Birds'  Eggs;— Report  on  the  Compilation  of 
an  Index  Oenerum  eb  Speciernm  Aniraalium ; — Report  on  Scottish  Place-names; 
—Report  on  the  Exploration  of  Ancient  Remains  in  Abyssinia ;— Report  on  the 
Exploration  of  the  Olacial  Region  of  the  Karakoram  Mountains ;— Report  on 
the  Teaching  of  Science  in  Elementary  Schools ;— Interim  Report  on  the  Methods 
of  Economic  Training  adopted  in  this  and  other  Countries ;— Report  on  the 
Climatological  and  Hydrographical  Conditions  of  Tropical  Africa ;— Interim  Report 
on  the  Dryness  of  Steam  in  Boiler  Trials ;— Report  on  the  Development  of  Graphic 
Methods  in  Mechanical  Science,  by  H.  Hele-Shaw ;— Report  on  the  Physical  Deviations 
from  the  Normal  among  Children  in  Elementary  and  other  Schools ;— First  Report 
on  the  Ethnographical  Survey  of  the  United  Kingdom; -Interim  Report  on  the 
North-Western  Tribes  of  Canada ; — Report  of  the  Anthropometric  Laboratory  Com- 
mittee ;— Report  on  Uniformity  in  the  Spelling  of  Barbaric  and  Savage  Languages 
and  Race-names;— The  Automatic  Balance  of  Reciprocating  Mechanism,  by  W. 
Worby  Beaumont. 

Together  with  the  Transactions  of  the  Sections. 

The  foUowing  Publications  are  also  on  sale  at  the  Office  of  the  Asso- 
ciation : —  'tftff 

Lithographed  Signatures  of  the  Members  who  met  at  Cambridge  in  1833,  wit^ 
the  Proceedings  of  the  Public  Meetings,  4to,  48. 

Index  to  the  Reports,  1831>1860, 12«.  (carriage  included). 
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Index  to  the  Reports,  1861-1890, 16«.  (carriage,  4J<i.) 

Lalande's  Catalogue  of  Stars,  £l  Is, 

Rules  of  Zoological  Nomenclature,  Is. 

On  the  Regulation  of  Wages  by  means  of  Lists  in  the  Cotton  Industry: — 
Spinning,  28.;  Weaving,  Is. 

Report  on  the  best  means  for  promoting  Scientific  Education  in  School-^,  ^. 

Second  Report  on  the  present  Methods  of  Teaching  Chemistry,  1889,  6^. 

Report  of  the  Committee  for  constructing  and  issuing  Practical  Standards  for  nse 
in  Electrical  Measurements,  Gd, 

Second  Report  on  the  Development  of  Graphic  Methods  in  Mechanical  Science, 
1892.  is. 

Report  of  the  Ethnographical  Survey  Committee,  1893,  6^. 

The  Action  of  Magnetism  on  Light,  by  J.  Larmor,  F.R.S.,  1893, 1«. 

Table  of  Electro-chemical  Properties  of  Aqueous  Solutions,  compiled  by  Rev.  T.  C. 
FitzpatHck,  1893,  is.  ^. 

Report  on  Electrical  Standards,  with  seven  Appendices,  1894,  Is. 

Report  on  the  Present  State  of  our  Knowledge  of  Thermodynamics,  Part  IL,  by 
G.  H.  Bryan,  with  an  Appendix  by  Prof.  L.  Boltzmann,  1894,  It. 

Report  on  Planimeters,  by  Prof.  O.  Henrici,  IT.R.S.,  1894,  1*. 

Recent  Researches  in  the  Infra- Red  Spectrum,  with  three  plates,  by  Dr.  8.  P. 
Langley,  1894,  2s. 
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OFFICERS   AND   COUNCIL,    1894-95. 

PRESIDENT. 
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The  Worshipful  the  Kator  of  Oxford. 
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higher  intellectual  centres  in  the  hope  of  finding  any  anthropological  teaching. 
Here,  at  Oxford,  if  anywhere,  we  may  expect  to  find  it,  and  here,  first  among  the 
British  Universities,  have  we  seen,  since  the  year  1883,  among  the  list  of  the  sub- 
jects taught  the  word  '  A^nthropology ;  *  but  the  teacher,  though  one  of  the  most 
learned  of  men  in  the  subject  the  country  has  produced,  ntill  only  bears  the  modest 
title  of  <  Reader.'  A  professorship  of  Anthrop6logy  does  not  exist  at  present  in  the 
British  Isles,  and  even  here  the  subject,  though  recognised  as  a  '  special/ ofiers  little 
field  for  distinction  in  the  examinations  for  degrees,  and  has  therefore  never  been 
taken  up  in  a  thorough  manner  by  students.  Dr.  Tylor's  lectures  must,  however, 
have  done  much  to  have  spread  an  intelligent  interest  in  some  branches  of  Anthro- 
pology, and  have  proved  a  valuable  complement  to  the  Pitt-Rivers  collection,  as 
have  also  the  courses  which  have  been  given  by  Mr.  Henry  Balfour  upon  the  arts 
of  mankind  and  their  evolution,  one  of  which  I  am  glad  to  see  is  announced  among 
the  advantages  ofiered  to  the  University  Extension  students  at  present  with  us. 
Physical  Anthropology  has  also  been  taken  up  by  Professor  A.  Thomson,  who, 
I  understand,  gives  instructive  lectures  upon  it,  open  to  the  members  of  his  class  of 
human  anatomy.  At  the  opposite  end  almost  of  the  subject  must  be  mentioned 
the  extension  and  organisation  of  the  Ashmolean  Museum  under  the  care  of  Mr. 
Arthur  J.  Evans,  which  has  a  bearing  upon  some  branches  of  Anthropology,  and 
the  foundation  of  the  Indian  Institute  under  the  auspices  of  Sir  Momer  Monier- 
Williams,  which  must  ^ve  an  impetus  to  the  study  of  the  characteristics  of  the 
races  of  our  great  Empire  in  the  East.^  Last,  but  b^  no  means  least  in  its  bearing 
upon  the  origin,  divisions,  and  difiusion  of  races,  is  the  world-famous  linguistic 
work  of  Professor  Max  Miiller  and  Professor  Sayce,  bolh  of  whom  have  presided 
over  this  Section  at  former  meetings  of  the  Association. 

Of  the  sister  University  I  wrote  thus  in  1884 :  '  In  Cambridge  there  are  many 
hopeful  signs.  The  recently  appointed  Professor  of  Anatomy,  Dr.  Macalister,  is 
known  to  have  paid  much  attention  to  Anatomical  Anthropology,  and  has  already 
intimated  that  he  proposes  to  give  instruction  in  it  during  the  summer  term.  An 
Ethnological  and  ArchsBological  Museum  is  also  in  progress  of  formation,  which,  if 
not  destined  to  rival  that  of  Oxford,  already  contains  many  objects  of  great  value, 
aod  a  guarantee  of  its  good  preservation  ana  arrangement  mav  be  looked  for  in  the 
appointment  of  Baron  Anatole  von  Iliigel  as  its  first  curator.' 

Ten  years  have  parsed,  and  it  is  satisfactory  to  know  that  the  teaching  of 
Anthropology  has  not  only  been  fairly  established,  but  the  subject  has  also  found  a 
place  in  the  scheme  of  University  examination.  The  learned  Professor  of  Human 
Anatomy  continues  to  take  a  wide  view  of  his  functions,  giving  a  course  during 
the  Easter  term  on  the  methods  of  Physical  Anthropology,  and  also  museum 
demonstrations  un  craniometry  and  osteometry,  by  the  aid  of  a  greatly  increased 
and  continually  augmenting  collection  of  specimens.  'J'hose  students  who  take 
anatomy  as  their  subject  for  the  second  part  of  the  Natural  Science  Tripos  have 
both  paper  work  and  practical  examination  in  Anthropology,  each  man  naving  a 
skull  placed  in  his  hands  of  which  he  is  expected  to  make  a  complete  diagnostic 
description.  For  the  first  part  of  the  tripos  each  candidate  has  one  or  more  questions 
on  the  broad  general  principles  of  the  subject.  IVofeseor  Macalister  informs  me  that 
he  has  cJways  at  least  six  men  who  go  through  a  very  thorough  practical  course 
with  their  own  hands.  There  has  also  lately  beeti  established  a  course  of  lectures 
on  the  Natural  Historjr  of  the  Races  of  Man,  delivered  during  the, Michaelmas  and 
I^ent  terms  by  Dr.  Hickson,  of  Downing  College,  and  Baron  vo^  Hiigel  gives  a 
course  of  museum  demonstrations  on  the  weapons,  omaments^^d' other  objects  in 
the  Ethnological  Museum,  which  is  open  to  all  students,  an<$oF Phich  many  take 
advantage.  ^  ^  i 

In  Ix)ndon,  owing  to  the  chaotic  condition  of  all  forms  of  higher  instruction » 
^'hich  has  been  brought  so  prominently  into  notice  by  the  universal  demand  for  a 
teaching  University  (an  aspiration  which  the  labours  of  the  Mate  Oresham  Com- 
mission certainly  seem  to  nave  brought  nearer  to  realisation) than  ever  appeared 
possible  before),  all  systematic  anthropological  teaching  has  beek  entirely  n^iected. 
The  great  collections  to  which  I  have  already  alluded,  that  of  w%  and  customs  at 
the  British  Museum,  and  that  of  osteological  specimens  at  th^  Royal  College  of 
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Surgeons,  have  by  their  steady  augmentation  done  valuable  service  in  preserving 
a  vast  quantity  of  material  for  future  investigation  and  instruction,  and  students 
have  at  present  all  reasonable  facilities  for  pursuing  tbeir  own  researches  in 
them.  Lectures  have  never  formed  any  part  of  the  official  programme  of  the 
British  Museum,  but  at  the  College  of  Surgeons  it  is  otherwise,  and  though  the 
contents  of  the  collections  are  specially  indicated  as  the  subject  on  which  they 
should  be  delivered,  for  the  last  ten  jrears  at  least,  Anthropology,  notwithstanding 
the  magnificent  material  at  hand  for  its  illustration,  has  had  no  place  in  the  annucu 
syllabus.  It  is  also  entirely  ignored  in  the  examination  scheme  of  the  University 
of  London,  an  institution  which  prides  itself  as  being  on  a  level  with  modem  educa- 
tional requirements ;  and  the  managers  of  the  new  Imperial  Institute,  casting  about 
in  all  directions  for  some  worthy  obiect  to  occupy  their  energies  and  their  spacious 
buildings,  do  not  appear  to  have  taken  into  serious  consideration  the  value  to  the 
world  and  the  appropriateness  to  their  original  design  of  a  great  central  school  of 
Anthropology,  from  which  might  emanate  a  full  and  satisfying  knowledge  of  the 
characteristics  of  all  the  various  races  of  which  the  Empire  is  composed. 

In  Scotland  the  recent  Universities  Commission  has  recognised  Physical 
Anthropology  as  a  branch  of  human  anatomy  in  their  scheme  for  graduation  in 
pure  science,  the  examination  on  this  subject  embracing  a  knowledge  of  race 
characters  as  found  in  the  skull  and  other  parts  of  the  skeleton,  in  the  skin,  eyes, 
hair,  features,  and  the  extenial  configuration  of  the  body  generally;  the  methods 
of  anthropometrical  measurement,  both  of  the  living  body  and  the  skeleton ;  the 
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tions  came  into  operation  in  the  University  of  Edinburgh  in  1802,  and  in  accordance 
with  them  Professor  Sir  William  Turner  delivers  a  special  course  of  twenty-five 
lectures  on  Physical  Anthropolo^,  and  in  addition  ten  practical  demonstrations  on 
osteometry.  The  museum  under  his  charge  has  greatly  increased  of  late  in  number 
and  value  of  the  specimens.  But '  Human  Anatomy,  including  Anthropology,'  being 
only  one  of  a  series  of  nine  subjects  in  any  three  or  more  of  which  a  final  science 
examination  on  a  higher  standard  has  to  be  passed,  there  is  not  at  present  any 
considerable  number  of  students  who  take  it  up,  and  the  other  Scotch  Universities 
have  not  yet  thought  it  necessary  to  establish  distinct  courses  of  Physical  Anthro- 
pology, although  it  is  becoming  more  and  more  a  regular  part  of  the  anatomical 
teaching  to  advanced  students. 

For  the  following  account  of  what  is  being  done  to  further  the  knowledge  of 
our  subject  in  the  sister  isle  I  am  indebted  to  Professor  D.  J.  Cunningham.  The 
only  place  in  Ireland  where  anthropological  work  is  done  is  Trinity  College.  For 
many  vears  those  in  charge  of  the  museum  have  been  collecting  skulls,  and  they 
were  fortunate  in  obtaining  the  greater  part  of  Sir  "William  "Wilde's  coUection. 
To  these  great  additions  have  been  recently  made,  principally  in  the  form  of  Irish 
crania  from  difierent  districts.  All  the  anthropological  specimens  are  lodged  in 
one  large  room,  which  is  also  used  as  an  anthropometric  laboratory.  Though  there 
hns  never  been  any  systematic  teaching  of  Anthropology  in  Trinity  College,  Dr. 
C.  R.  Browne  (Professor  Cunningham's  able  assistant),  who  takes  charge  of  the 
laboratory,  attends  for  two  hours  on  three  days  a  week,  and  gives  demonstrations 
in  anthropological  methods  to  any  students  who  are  interested  in  the  subject. 
The  laboratory  was  opened  in  June  1891,  the  instruments  being  provided  by  a 
grant  from  the  Royal  Irish  Academy,  and  about  600  individuals  have  already  been 
measured,  the  greater  number  of  them  students  of  the  College.  This  is,  however, 
only  part  of  the  work  carried  out  by  the  laboratory.  Every  year  the  instruments 
are  taken  to  some  selected  district  in  Ireland,  and  a  systematic  study  of  the 
inhabitants  is  made.  Ihe  Aran  Islands,  and  also  the  islands  of  Inishboffin  and 
Inishshark,  have  been  alreadv  worked  out,  and  this  year  excursions  are  organised 
to  Kerry,  to  a  district  in  Wicklow,  and  to  another  in  the  "V\^est  of  Ireland.  The 
Academy  makes  yearly  grants  to  the  Committee  for  carrying  on  this  ^vork,  the 
results  of  which  have  been  published  in  admirable  memoirs  by  Professor  A.  C. 
Haddon  and  Dr.  C.  R.  Browne.    The  Science  end  Art  Museum  in  Dublin,  uuder 
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the  direction  of  Dr.  V.  Ball,  contains  a  small  collection,  arranged  with  a  view  to 
ffeneral  instruction,  showing  by  means  of  skulls  and  casts  the  physical  charaq^ter* 
istics  of  the  different  races  of  man,  those  of  each  race  being  explained  by  a  short 
printed  label,  and  its  range  shown  on  a  map. 

Though  the  development  of  anthropological  science  has  thus  not  been  greatly 
advanced;  in  this  country  at  least,  by  means  of  endowments,  or  by  aid  of  the 
State  or,  till  very  recently,  by  our  great  scholastic  institutions,  but  has  been  mainly 
left  to  the  unorganised  efforts  of  amateurs  of  the  subject,  its  progress  in  recent 
years  has  been  undeniably  great.  I  will  give  an  instance  of  the  strides  that  have 
Deen  made  in  one  of  its  most  important  branches. 

Physical  or  Anatomical  Anthropology,  or  the  study  of  the  modifications  of  the 
human  body  under  its  various  aspects,  the  modifications  dependent  upon  sex  and 
age,  the  modifications  dependent  upon  race,  and  those  dependent  upon  individual 
variability,  studied  not  many  years  ago  in  a  vague  and  loose  manner,  has  gradually 
submitted  to  a  rigorous  and,  therefore,  strictly  scientific  method  of  treatment. 
The  generalities  which  were  formerlv  used  to  express  the  differences  that  were 
recognised  between  the  various  subjects  compared  with  each  other  have  been 
replaced  by  terms  conveyed  in  almost  mathematical  precision.  No  one  acquainted 
with  the  history  of  the  development  of  this  branch  of  Anthropology  can  fail  to 
nise  how  much  it  was  accelerated  by  the  genius  of  Broca,  and  the  school 


"which  he  established  in  France,  although  all  cultivated  nations  are  now  vying 
with  each  other  in  the  practice  of  exactitude  in  anthropological  research,  and  the 
time  seems  rapidly  approaching  when  a  common  agreement  will  be  arrived  at,  by 
which  all  the  observations  which  may  be  made,  under  whatever  diverse  circum- 
stances, and  by  whatever  different  individuals,  will  be  available  for  comparison  one 
with  another. 

This  branch  of  our  science  has  received  the  name  of  'Anthropometry.* 
Although,  as  the  name  implies,  measurement  is  one  of  its  principal  features,  it 
includes  such  other  methods  of  comparison  as  can  be  reduced  to  a  definite 
standard,  or  to  which  definite  tests  can  be  applied,  such  as  the  colour  of  the 
hair,  eyes,  and  complexion,  the  form  of  the  ear  and  nose.  The  great  desiderata 
that  have  been  sought  for,  and  gradually  attained,  in  measuring  either  the 
skeleton  or  the  living  person  have  been  two  in  number :  1.  Exact  definition  of 
the  points  between  which  the  measurements  should  be  taken.  2.  Exact  methods 
and  instruments  of  measurement.  In  both  these  cases  the  object  looked  for  haa 
been  not  only  that  the  measurements  taken  by  the  same  observer  at  different 
times  and  under  different  circumstances  should  coincide,  but  also  that  those 
taken  by  different  observers  should  be  comparable.  These  requirements  seem  so 
simple  and  natural  at  first  sight  that  the  majority  of  persons  whom  I  am 
addressing  will  wonder  that  I  should  allude  to  them.  Only  those  who  are 
seriously  occupied,  or  perhaps  I  should  rather  say,  only  those  who  were  seriously 
occupied  a  few  years  ago,  with  the  endeavour  to  solve  these  problems  can  have 
any  idea  of  their  difficulty.  The  amount  of  time  and  labour  that  has  been  spent  upon 
them  is  enormous,  but  the  result  has,  I  think,  been  quite  commensurate  with  it. 

We  have  attained  at  last  to  methods  of  measurement  and  standards  of  com- 
parison which,  in  the  hands  of  persons  of  ordinary  intelligence,  and  with  a 
moderate  amount  of  training,  will  give  data  which  may  be  absolutely  depended 
upon.  From  these  we  hope  to  be  able  to  formulate  accurate  information  as  to 
the  physical  conformation  of  all  the  groups  into  which  mankind  is  divided,  and 
so  gradually  to  arrive  at  a  natural  classification  of  those  groups,  and  a  knowledge 
of  their  affinities  one  to  another. 

But  the  exact  methods  of  modern  Anthropometry  are  not  only  important  ou 
account  of  the  aid  they  give  in  studying  the  race  characteristics  of  man.  As  has 
BO  often  happened  when  scientific  oDservation  has  been  primarily  carried  out  for 
its  own' sake,  it  ultimately  leads  to  practical  applications  undreamt  of  by  its  earlier 
cultivat^ors.  The  application  of  Anthropometry  not  to  the  comparison  of  races 
but  to  elucidate  various  social  problems — as  the  laws  of  growth,  of  heredity,  of 
ccmparaiive  capacities  of  individuals  within  a  community,  and  the  effects  of 
difierent  kinds  of  education  and  occupation,  as  worked  out  first  by  Quetelet  in 
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Eelgiom,  and  sabsequeatly  hy  Francis  Qalton,  Boberto,  and  others  in  this 
country-^and  its  still  more  concrete  application  as  an  aid  in  administering  justice 
by  methods  perfected  by  Bertillon  in  France,  are  striking  iUustrations  of  thft 
practical  utility  of  labours  originally  undertaken  under  the  influence  of  devotion  to 
science  pure  and  simple. 

The  importance  of  being  able  to  determine  the  identity  of  an  indiTidnal  under 
whatever  circumstances  of  disguise  he  may  be  presented  for  examination  has,  of 
course,  long  been  apparent  to  all  who  have  had  anything  to  do  with  the  adminis- 
tration of  the  criminal  law,  and  rough  and  ready  methods  of  recognition,  de- 
pending mainly  upon  the  more  or  less  acute  faculty  of  perception  and  recollection 
of  differences  and  resemblances,  possessed  by  the  persons  upon  whom  the  duty  of 
identification  bas  devolved,  have  long  been  in  operation.  Tne  general  conforma- 
tion, height,  form  of  features,  and  colour  of  complexion,  hair,  and  eyes,  have  alsQ 
been  noted.  Much  additional  assistance  has  been  obtained  by  the  registration  of 
definite  physical  characteristics,  the  results  either  of  natural  conformation,  or  of 
injury,  such  as  mutilations,  tattoo-marks,  and  scars,  inflicted  by  accident  or  design. 
The  application  of  one  of  the  most  important  scientific  discoveries  of  the  age, 
photography,  was  eagerly  seized  upon  as  a  remedy  for  the  difficulties  hitherto 
met  with  m  tracing  personal  identity,  and  enormous  numbers  of  photographs 
were  taken  of  persons,  the  peculiarities  of  whose  career  led  them  to  fall  into  the 
hands  of  the  police,  and  who  were  likely  to  be  wanted  again  en  some  future 
occasion.  No  doubt  much  help  has  been  derived  from  this  source,  but  also  much 
embarrassment  Even  among  photographic  portraits  of  one*s  own  personal 
friends,  taken  under  most  favourable  circumstances,  and  with  no  intention  of 
deception,  we  cannot  often  help  exclaiming  how  unlike  they  are  to  the  person 
represented.  With  portraits  of  criminals,  the  varying  expression  of  the  face, 
changes  in  the  mode  of  wearing  the  hair  and  beard,  differences  of  costume,  tbe 
effects  of  a  long  lapse  of  time,  years  perhaps  passed  in  degradation  and  miseiy, 
may  make  such  alterations  that  recognition  becomes  a  matter  at  least  of  un- 
certainty. That  photographs  are  extremely  valuable  as  aids  to  identification, 
when  their  true  position  in  the  process  is  recognised,  cannot  be  doubted ;  but  as  a 
primary  method  they  have  been  found  to  be  auite  inapi>licable,  owing  partly  to 
the  causes  just  indicated,  but  mainly  to  the  difficulty,  if  not  impossibility,  of 
classifying  them.  The  enormous  expenditure  of  time  and  trouble  that  must  be 
consumed  in  making  the  comparison  between  any  suspected  person  and  the 
various  portraits  of  the  stock  which  accumulates  in  prison  bureaus  may  be  judged 
of  from  the  fact  that,  in  Paris  alone,  upwards  of  100,000  such  portraits  of  persons 
interesting  to  the  police  have  been  taken  in  a  ]^riod  of  ten  years. 

The  primary  desideratum  in  a  system  of  identification  is  a  ready  means  of 
classifying  the  data  upon  which  it  is  based.  To  accomplish  this  is  the  aim  of  the 
Bertilfon  system.  Exact  measuremente  are  taken  between  certain  well-known 
and  fixed  pointe  of  the  bony  framework  of  the  body,  which  are  known  not  to 
change  under  different  conditions  of  life.  The  length  and  breadth  of  the  bead, 
the  length  of  the  middle  finger,  the  length  of  the  foot,  and  the  length  of  th^ 
forearm,  are  considered  the  best,  though  others  are  added  for  greater  certainty, 
as  the  height,  span  of  arms,  length  of  ear,  colour  of  eyes,  &c.  All  these  par- 
ticulars of  every  individual  examined  are  recorded  upon  a  card,  and  by  dividing 
each  measurement  into  three  classes,  long,  medium,  and  shorty  and  by  classifying 
the  various  combinations  thus  obtained,  the  whole  mass  of  cards,  kept  arrangeS 
in  drawers  in  the  central  bureau,  is  divided  up  into  groups,  each  containing  a 
comparatively  small  number,  and  therefore  quite  easily  dealt  with.  When  the 
cara  of  a  new  prisoner  is  brought  in,  a  few  minutes  suffice  to  eliminate  the 
necessity  of  comparison  with  any  but  one  small  bateh,  which  j)resente  the  spedal 
combination.  Tnen  photographs  and  other  means  of  recognition,  as  distinctive 
marks  and  form  of  features,  are  brought  into  play,  and  identification  becomes  a 
matter  of  certainty.  On  the  other  hand,  if  the  combination  of  measurements  upon 
a  new  card  does  not  coincide  with  any  in  the  classed  collection  in  the  bureau,  it  is 
known  with  absolute  certainty  that  the  individual  being  dealt  with  has  never  been 
measured  before. 

1894.  r-^^i 
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One  of  the  most  Atriking  results  of  the  introduction  of  this  system  into  France 
has  heen  that,  since  it  has  been  brought  fully  into  operation,  a  larpe  proportion  of 
old  offenders,  knowing  that  concealmeut  is  hopeless,  admit  their  identity  at  oncey 
and  save  a  world  of  trouble  and  expense  to  the  police  by  ceasing  to  endeaTour  to 
conceal  themselves  under  false  names. 

Various  representations  upon  this  subject  have  been  addressed  to  the  Home 
Secretary  of  our  own  Government  during  the  last  few  years,  and  among  others  one 
from  the  Council  of  this  Association,  which  originated  in  a  resolution  of  thiB 
Section,  adopted  by  the  General  Committee  at  the  meeting  at  Edinburgh  in  1892, 
to  this  effect : 

'  That  the  Council  be  requested  to  draw  the  attention  of  Her  Majes^s  Govern- 
ment to  the  Anthropometric  Method  for  the  measurement  of  criminalSy  which  is 
successfully  in  operation  in  France,  Austria,  and  other  Continental  countries,  and 
which  has  been  found  effective  in  the  identification  of  habitual  cnminals,  and  oon* 
sequently  in  the  prevention  and  repression  of  crime.' 

In  conseauenoe  of  these  re||reeentations  a  Committee  was  appointed,  on  Oct  21, 
1693,  by  Mr.  A^uith,  consisting  of  Mr.  C.  £.  Troup,  ot  tiie  Home  Office, 
Major  Arthur  Griffiths,  Inspector  of  Prisons,  and  Mr.  Melville  Leslie  Macnaghten, 
Chief  Constable  in  the  Metropolitan  Police  Force,  with  Mr.  H.  B.  Simpson,  of  the 
Home  Office,  as  secreta^,  'to  inquire  (a)  into  the  method  of  registering  and 
identifying  habitual  criminals  now  in  use  in  England ;  (6)  into  the  ^'  Anthropo- 
metric *'  system  of  classified  registration  and  identification  in  use  in  France  and 
other  countries;  (e)  into  the  suggested  system  of  identification  by  means  of  a 
record  of  finger  marks :  to  report  whether  the  anthropometric  avstem  or  the 
finger-mark  system  can  with  advantage  be  adopted  in  England  either  in  sub- 
stitution for  or  to  supplement  the  existmg  methods ;  and,  if  so,  what  arrangements 
should  be  adopted  for  putting  them  into  practice,  and  what  rules  should  be  made 
under  Section  8  of  the  Penal  Servitude  Act,  1891^  for  the  photographing  and 
measuring  of  prisoners.' 

The  Heport  of  this  Committee,  with  minutes  of  evidence  and  appendices,  was 
issued  as  a  Parliamentary  Blue-book  in  March  last,  and  not  onlv  contains  a  lucid 
and  concise  description  of  the  methods  of  identification  already  in  use  in  this 
country,  but  also  most  striking  testimony  from  impartial  but  well-qualified 
persons  to  the  value  of  a  more  scientific  mode  of  dealing  with  the  subject.  No 
pains  seem  to  have  been  spared  to  obtain,  both  by  personal  observation  and  by  the 
examination  of  competent  witnesses,  a  thorough  Imowledge  of  the  advantages  of 
the  Bertillon  system  as  practised  in  France,  and  the  result  has  been  the  recom- 
mendation of  that  system,  with  certain  modifications,  for  adoption  in  this  countzy, 
with  the  addition  of  the  remarkably  simple,  in^nious,  and  certain  method  of 
personal  identification  first  used  in  India  by  Sir  William  Herschel,  but  fullv 
elaborated  in  this  country  by  Mr.  Francis  Galton,  that  called  the '  finger-mark 
system,'  about  which  I  shall  have  a  few  more  words  to  say  presently. 

With  the  concluding  words  of  the  Committee's  Report  I  most  fully  concur: 
'  We  may  confidently  anticipate  that,  if  fairly  tried,  it  will  show  very  satisfactory 
results  within  a  few  years  in  the  metropolis ;  but  the  success  of  its  application  in 
the  country  generally  will  depend  on  the  voluntary  co-operation  of  the  mdependent 
county  and  trough  police  forces.  This,  we  feel  sure,  wul  not  be  withheld*  When 
the  principles  of  the  system  are  understood  and  its  useftilness  appreciated  we 
believe  it  will  not  only  save  much  time  and  labour  to  the  police  in  the  performance 
of  an  important  du^,  but  will  give  them  material  assistance  in  tracing  and  detecting 
the  antecedents  df'^  the  guilty,  and  will  afford,  so  far  as  its  scope  extends,  an 
absolute  safeguard  to  the  innocent' 

It  is  very  satisfactory  to  be  able  to  add  that  in  the  House  of  Commons  on 
June  26,  in  answer  to  a  question  from  Colonel  Howard  Vincent,  the  Home  Secre* 
tarv  announced  that  the  recommendations  of  the  Committee  had  been  adopted ; 
and  that,  in  order  to  facilitate  research  into  the  judicial  antecedents  of  international 
criminals,  the  registers  of  measurements  would  be  kept  on  the  same  plan  as  that 
adopted  with  such  success  in  France,  and  also  in  other  Continental  countries. 

I  hare  just  mentioned  the  'finger-mark  system/  and  of  all  the  various 
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developments  of  Anthropology  in  recent  times  none  appears  to  me  more  interestiiif^ 
than  the  work  done  by  Mr.  Galton  upon  this  subject ;  for  though,  as  indicated 
above,  he  is  not  quite  the  tirst  who  has  looked  into  the  auestion  or  shown  its 
practical  application  in  personal  identification,  he  has  carriea  his  work  upon  it  &r 
beyond  that  of  hnj  of  his  predecessors,  both  in  its  practical  application  and  into 
regions  of  speculation  unthought  of  by  anyone  else.  Simple  and  insignificant  as 
in  the  eyes  of  all  the  world  are  the  little  rid^  and  furrows  which  mark  the  skin 
of  the  under-surfaoe  of  our  fingers,  existing  m  every  man,  woman,  and  child  bom 
into  the  world,  they  have  been  practically  unnoticed  by  eveirone  until  Mr.  Qalton 
has  shown,  by  a  detailed  and  persevering  study  of  their  peculiarities,  that  they  are 
full  of  significance,  and  amplv  repay  the  pains  and  time  spent  upon  their  study.  It 
tB  not  to  be  supposed  that  all  the  mowledge  that  may  be  obtained  from  a  minute 
examination  of  them  is  yet  by  any  means  exhausted,  but  they  have  already  given 
important  data  for  the  study  of  such  subjects  as  variation  untmected  bv  natural  or 
any  other  known  form  of  selection,  and  the  difficult  problems  of  heredity,  in 
addition  to  their  being  one  of  the  most  valuable  means  hitherto  discovered  of 
fixing  personal  identity. 

As  an  exami>le  of  the  importance  of  some  ready  method  to  prove  identity,  apart 
from  its  application  to  the  detection,  punishment,  and  prevention  of  crime,  to  which 
£  have  already  referred,  I  may  recall  to  your  recollection  that  remarloible  trial 
which  agitated  the  length  and  breadth  of  the  land  rather  more  than  twenty  years 
ago ;  a  trial  which  occupied  so  many  months  of  the  precious  time  of  our  most 
eminent  judges  tod  counsel,  and  cost  the  country,  as  well  as  several  innocent 
persons — I  am  afraid  to  say  how  many — ^thousands  of  pounds,  all  upon  an  issue 
which  might  have  been  setued  in  two  minutes  if  Roger  Tichbome,  before  starting 
on  his  voyage,  had  but  taken  the  trouble  to  imprint  his  thumb  upon  a  piece  of 
blackened  paper.  It  is  wonderful  to  me,  on  reading  again  the  reports  of  the  triad, 
to  see  how  comparatively  little  attention  was  paid  by  counsel,  judge,  or  jury,  to  the 
extremely  different  physical  characteristics  of  the  two  persons  claimed  to  be 
identical,  but  which  were  so  strongly  marked  that  they  ought  to  have  disposed  of 
the  claim,  without  any  hesitation,  at  the  very  opening  of  the  case.  It  was  not 
until  the  102nd  day  of  the  first  trial  that  the  attention  of  the  jury  was  pointedly 
called  to  the  fact  that  it  was  known  that  Sir  Roger  Tichbome  had  been  tattooed  on 
the  left  arm  with  a  cross,  anchor,  and  a  heart,  and  that  the  Claimant  exhibited  no 
such  marks.  When  this  was  clearly  brought  out  and  proved,  the  case  broke  down 
at.  once.  The  second  trial  for  perjury  occupied  the  court  188  days,  the  Lord 
Chief  Justice's  charge  alone  lastmg  eight  days.  The  issues  were,  however,  more 
complex  than  in  the  first  trial,  as  it  was  not  only  necessary  to  prove  that  the 
Claimant  was  not  Tichbome,  but  also  to  show  that  he  was  someone  else.  I  feel 
convinced  that  at  the  present  time  the  greater  confidence  that  is  reposed  in  tiie 
methods  of  Anthropometry  or  close  observance  of  physical  characters,  and  in  the 
persistence  of  such  characters  tlurough  life,  would  have  greatly  simplified  the  whole 
case ;  and  I  would  strongly  recommend  all  who  have  nothing  about  their  lives  they 
think  it  expedient  to  conceal  to  place  themselves  under  the  hands  of  Mr.  Galton, 
or  one  of  his  now  numerous  discipleB,  and  get  an  accurate  and  unimpeachable 
register  of  all  those  characteristics  which  will  make  loss  of  identity  at  any  future 
period  a  sheer  imnossibility. 

Partly  with  tnis  object  in  view  the  Association  has,  for  several  yean  past, 
during  each  of  its  meetings,  opened,  under  the  superintendence  of  Dr.  Garson,  an 
Anthropometric  Laboratory,  on  the  plan  of  the  adunirable  institution  of  the  same 
name  which  has  been  carried  on  in  the  South  Kensington  Museum  since  the 
beginning  of  the  year  1888,  under  the  direction  and  at  the  sole  cost  of  Mr.  Francis 
Galton,  in  which  up  to  the  present  time  more  than  7,000  complete  sets  of  measure*- 
ments  have  been  made  and  recorded.  The  results  obtained  at  the  British  Associa- 
tion meetings  have  been  published  in  the  Annual  Reports  bf  the  Association, 
and,  though  on  a  smaller  scale  than  Mr.  Galton*s,  the  operations  of  the  laboratory 
have  been  most  useful  in  diffusing  a  knowledge  of  the  value  of  anthropometric 
work,  and  of  the  methods  by  which  it  is  carried  on. 

For  many  years  an  '  Anthropometric '  Committee  of  the  Association,  in  which 
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the  Ute  Dr.  W.  Forr,  Mr.  F.  Galton,  Mr.  0.  Roberto,  Dr.  Beddoe,  Sir  RawsoD 
Bawson^  and  others,  took  an  active  part,  was  engaged  in  oollectuig  statistical 
information  relating  to  the  ]>hy8ical  cnaracters,  including  stature,  weight,  diest- 
girth,  colour  of  eyes  and  hair,  strength  of  arms,  &c.,  of  the  inhabitants  of  the 
British  Isles ;  and  their  reports,  illustrated  b^  maps  and  diagruns,  were  published 
in  the  annual  volume  issued  bj  the  Association.  This  Committee  temunated  its 
labours  in  1883,  although,  as  was  fully  acknowledged  in  the  concluding  report,  the 
subject  was  by  no  means  completely  exhausted. 

A  great  and  important  work  which  the  Association  has  now  in  hand,  in  some 
sense  a  continuation  of  that  of  the  Anthropometric  Committee,  though  with  a 
more  extended  scope  of  operation,  is  the  organisation  of  a  complete  ethnographical 
survey  of  the  Umted  Kingdom  based  upon  scientific  principles.  In  this  work 
the  Association  has  the  co-operation  of  the  jSociety  of  Antiquaries  of  London, 
the  Folk-lore  Society,  the  Dialect  Society,  and  the  Anthropological  Institute. 
Representatives  of  these  different  bodies  have  been  formed  into  a  Committee,  of 
which  Mr.  E.  W.  Brabrook  is  now  chairman.  It  is  proposed  to  record  in  a 
systematic  and  uniform  character  for  certain  typical  villages  and  the  ndghbouring 
mstricts — (1)  the  Physical  Types  of  the  Inhabitants,  (2)  their  current  Traditions 
and  Beliefs,  (3)  Feccdiaxities  of  Dialect,  (4)  Monumental  and  other  Remains  of 
Ancient  Culture,  and  (6)  Historical  Evidence  as  to  Continuity  of  Race.  The 
numerous  Corresponding  Societies  of  the  Association  scattered  over  various  parts 
of  the  country  have  been  invited  to  co-operate,  and  the  greater  number  of  them 
have  cordially  responded,  and  special  local  committees  have  been  fonned  in  many 
places  to  carry  out  the  work. 

The  result  of  a  preliminary  inquiry  as  to  the  places  in  the  United  Kingdom 
which  appeared  especially  to  dieserve  ethnographic  study,  mainly  on  account  of  the 
stationary  nature  of  the  population  for  many  generations  back,  was  gi?en  ia 
the  first  Report  of  the  Committee  presented  at  the  Nottingham  meeting  of  the 
Association  last  year,  in  which  it  was  shown  that  in  the  British  Isles  there  are 
more  than  260  places  which,  in  the  opinion  of  competent  authorities,  would  be 
suitable  for  ethnographic  survey,  and  in  which,  notwithstanding  the  rapid  changes 
wluch  have  taken  place  during  the  last  fifty  years  in  all  parte  of  the  countoy, 
much  valuable  material  remaus  for  the  Committee  to  work  upon.  Without 
doubt,  as  interest  in  the  subject  is  aroused,  this  number  will  be  greatly  increased. 

A  most  important  step  in  securing  the  essential  condition  that  the  information 
obtained  should  be  of  the  nature  really  required  for  the  purpose,  and  that  the 
records  of  different  observers  should  be  as  far  as  possible  of  equal  value  and 
comparable  one  with  another,  has  been  the  compilation  of  a  veiy  elaboiate 
and  carefully  prepared  schedule  of  questions  and  directions  for  distribution  among 
those  who  have  signified  their  willingness  to  assist,  and  as  a^  f^uarantee  that  the 
answers  obtained  to  the  questions  in  the  schedules  will  be  utilised  to  the  fullest 
extent,  certain  members  of  the  Committee  specially  qualified  for  each  brandi  of  tiie 
work  have  undertaken  to  examine  and  digest  the  reports  when  received. 

It  may  be  remarked  in  passing  that  the  Anthropological  Society  of  Paris  has 
within  the  past  year  formed  a  Commission  of  ito  members  to  collect  m  a  systematic 
manner  the  scattered  data  which,  when  united  and  digested,  shall  form  'une 
anthropologie  v^ritablement  nationale  de  la  France,'  and  has  issued  a  circular 
with  schedules  of  the  required  observations.  These  are,  however,  at  present 
limited  to  the  physical  characters  of  the  population. 

Among  the  many  services  rendered  to  the  science  of  Anthropology  by  the 
Brhish  Association,  not  the  least  has  been  the  aid  it  has  afforded  in  the  publication 
of  that  most  useful  little  manual  entitled  '  Notes  and  Queries  on  Anthropology,' 
of  which  the  first  edition  was  brought  out  exactly  twenty  years  ago  (1874),  under 
the  supervision  and  partlv  at  the  expense  of  General  Pitt-Rivers.  Since  that  time 
the  subject  has  made  such  great  advances  that  a  second  edition,  brought  up  to  the 
requirements  of  the  present  time,  was  wr^Hy  caUed  for.  A  Committee  of 
the  British  Association,  appointed  to  consider  and  report  upon  the  best  means 
of  doing  this,  recommended  that  the  work  should  be  placed  in  the  hands  of  the 
Anthropological  Institute  of  Great  Britain  and  Ireland.    This  recommendation 
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-wBa  approved  hy  the  Association ,  and  grants  amounting  to  70/.  were  made  to 
assist  in  defraying  the  cost  of  puhlication.  The  Council  of  the  Anthropological 
Institute  appointed  a  Committee  of  its  members  to  undertake  the  revision  of  the 
different  subjects,  with  Dr.  J.  G.  Garson  and  Mr.  C.  H.  Read  as  editors  respectively 
of  the  two  parts  into  which  it  is  divided.  The  work  was  published  at  the  end  of 
the  year  1892,  and  is  invaluable  to  the  traveller  or  investigator  in  pointing  out  the 
most  important  subjects  of  inquiry,  and  in  directing  the  observations  he  may  have 
the  means  of  making  into  a  methodical  and  systiCmatic  channeL 

Besides  those^  I  have  already  mentioned,  the  Association  has  aided  many  other 
anthropological  investigations  by  the  appointment  of  Committees  to  carry  them 
out,  and  in  some  cases  by  the  more  substantial  method  of  giving  grants  from  its 
funds,  and  by  defraying  the  cost  of  publication  of  the  results  in  its  journal. 
Among  these  I  may  specially  mention  the  series  of  very  valuable  Reports  upon  the 
Physical  Characters,  Languages,  and  Industrial  and  Social  Condition  of  the  North- 
western Tribes  of  the  Dominion  of  Canada,  drawn  up  by  Mr.  Horatio  Hale,  Dr. 
F.  Boas,  and  others,  the  importance  of  which  has  been  recognised  by  the  Canadian 
Government  in  the  form  of  a  grant  in  aid  of  the  expenses. 

Another  very  interesting  investigation  into  the  Habits,  Customs,  Physical 
Characteristics,  and  Religion  of  the  Natives  of  Northern  India,  initiated  by  Mr. 
II.  H.  Risley,  and  carried  on  under  his  supervision  by  the  Indian  Government, 
though  it  has  received  little  more  than  moral  si^pnort  from  the  Association,  may 
be  mentioned  here  on  account  of  the  illustration  it  affords  of  the  value  of  exact 
anthropometric  methods  in  distinguishing  groups  of  men.  Although  a  practised  eve 
can  frequently  tell  at  a  glance  Uie  tri&  or  caste  of  a  man  brought  before  it  for 
the  first  time,  the  special  characters  upon  which  the  opinion  is  based  have  only 
latelv  been  reduced  to  any  definite  and  easily  comparable  method  of  description. 
In  Mr.  Risley's  examination,  the  nose,  for  instance  ^hich  I  have  always  held  to  be 
one  of  the  most  important  of  features  for  clasuficatory  purposes),  instead  of  being 
vaguely  described  as  broad  or  narrow,  is  accurately  measured,  and  the  proportion 
of  the  greatest  width  to  the  length  (from  above  downwards),  or  the  '  nasal  index,* 
as  it  is  termed  (though  it  must  not  he  confounded  with  the  nasal  index  a^  defined 
by  Broca  upon  the  skull),  gives  a  fig^ure  by  which  the  main  elements  of  the  com- 
position of  this  feature  in  any  individual  may  be  accurately  described.  The  average 
or  mean  nasal  indices  of  a  large  number  of  individuals  of  any  race,  tribe,  or  caste  offer 
means  of  comparison  which  oring  out  most  interesting  results.  By  this  character 
alone  the  Dravidian  tribes  of  India  aro  easily  separated  from  the  Arvan.  '  Even 
more  striking  is  the  curiously  close  correspondence  between  the  gradations  of  racial 
tyne  indicated  by  the  nasal  index  and  certain  of  the  social  data  ascertained  by 
inaependent  inquiry.  If  we  take  a  series  of  castes  in  Bengal,  Behar,  or  the  North- 
western Provinces,  and  arrange  them  in  the  order  of  the  average  nasal  index,  so 
that  the  caste  with  the  finest  nose  shall  be  at  the  top,  and  that  with  the  coarsest 
at  the  bottom  of  the  list,  it  will  be  found  that  this  order  substantially  corresponds 
with  the  accepted  order  of  social  precedence.  The  casteless  tribes — Kols,  Korwas, 
^fundas,  and  the  like — who  have  not  yet  entered  the  Brahmanical  system,  occupy 
the  lowest  place  in  both  series.  Then  come  the  vermin-eating  Musuhars  and  tne 
leather-dressing  Chamdrs.  The  fisher  castes  of  Bauri,  Bind,  and  Kewat  area 
trifle  higher  in  the  scale;  the  pastoral  Goala,  the  cultivating  Eurmi,  and  a  group 
of  cognate  castes — from  whose  hands  a  Brahman  may  take  water — ^follow  in  due 
order ;  and  from  them  we  pass  to  the  trading  Khatris,  the  landholding  Bftbhans, 
and  the  upper  crust  of  Hinau  society.  Thus,  it  is  scarcely  a  paradox  to  lay  down 
as  a  law  of  the  caste  organisation  in  Eastern  India  that  a  man  s  social  status  varies 
in  inverse  ratio  to  the  width  of  his  nose.'  The  results  alreadv  obtained  by  this 
method  of  observation  have  been  so  important  and  interestbg  that  it  is  greatly  to 
be  hoped  that  the  inquiry  may  be  extended  throughout  the  remainder  of  our  Indian 
Emmre. 

But  for  want  of  time  I  might  here  refer  to  the  valuable  work  done  in  relation 
to  the  natives  of  the  Andaman  Islands,  a  race  m  many  respects  of  most  excep- 
tional interest,  first  by  Mr.  E.  H.  Man,  and  more  recently  by  Mr.  M.  V.  Portman, 
and  for  the  same  reason  can  scarcely  glance  at  the  great  progress  that  is  being 
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Blade  in  anthropological  research  in  other  countries  than  our  own.  The  numerous 
workers  on  this  subject  in  the  United  States  of  America  are,  with  ^at  aasiatanoe 
from  the  Goyemmenty  yerj  properly  devoting  themselves  to  exploring,  collecting, 
and  publishing,  in  a  systematic  and  exhaustive  manner,  every  fact  that  can  still  be 
discovered  relating  to  the  history,  language,  and  characters  of  the  Aboriginal 
population  of  their  own  land.  Iliey  have  in  this  a  clear  duty  set  before  tibem, 
and  they  are  doing  it  in  splendid  style.  I  wish  we  could  say  that  the  same  haa 
been  done  with  jJl  the  native  popiQations  in  various  parts  of  the  world  which  have 
been,  to  use  a  current  phrase, '  disestablished  and  disendowed '  by  our  own  country- 
men. We  are,  however,  now,  as  I  have  shown,  not  altogether  unmindful  of  what 
is  our  duty  to  posterity  in  this  respect ;  a  duty,  jperhaps,  more  urgent  than  that 
of  any  other  branch  of  scientific  investigation,  as  it  will  not  wait.  It  must  be 
done,  if  ever,  before  the  rapid  spread  of  civilised  man  all  over  the  world,  one  of  the 
most  remarkable  characteristics  of  the  age  in  which  we  live,  has  obliterated  what 
still  remains  of  the  oiiginaJ  customs,  arts,  and  beliefs  of  primitive  races ;  if,  indeed^ 
it  h^  not  succeeded — aa  it  too  often  does — in  obliterating  the  races  themselves. 


The  following  Reports  and  Papers  were  read : — 

1,  The  Report  of  the  Anthropometric  Laboratory  Committee. 
See  Reports,  p.  444. 


2.  The  Report  of  the  Hthnographical  Survey  Committee. 
See  Reports,  p.  419. 


3,  The  Report  of  the  Committee  on  Anthropometry  in  Schools. 
See  Reports,  p.  439. 


4.  On  the  Diffusion  of  Mythical  Beliefs  as  Evidence  in  the  Bistory  of 
Culture.    By  Edwaed  B.  Tylor,  D.C.Z.,  LL.D,,  F.R.S. 

The  purpose  of  this  communication  was  to  illustrate  and  systematise  the  use  of 
correspondence  in  culture  as  means  of  tracing  lines  of  connection  and  intercourse 
between  ancient  and  remote  peoples.  Mythical  beliefs  are  espHecially  referred  to  as 
Aimishing  good  evidence  of  iiiis  class,  notwithstanding  their  want  of  objective 
value.  The  conception  of  weighing  in  a  spiritual  balance  in  the  judgment  of  the 
dead,  which  makes  its  earliest  appearance  in  the  Egyptian  religion,  was  traced 
thence  into  a  series  of  variants,  serving  to  draw  lines  of  intercourse  through  the 
Vedic  and  Zoroastrian  religions,  extending  from  Eastern  Buddhism  to  Western 
Christendom.  The  associated  doctrine  of  the  Bridge  of  the  Dead,  which  separates 
the  good,  who  pass  over,  from  the  wicked,  who  fall  into  the  abyss,  appears  first  in 
ancient  Persian  religion,  reaching  in  like  manner  to  the  extremities  of  Asia  and 
Europe.  By  these  mythical  beliefs  historicid  ties  are  practically  constituted,  con- 
necting the  great  religions  of  the  world,  and  serving  as  lines  along  which  their 
interdependence  is  to  be  followed  out.  Evidence  of  the  snme  kind  was  brought 
forward  in  support  of  the  theory,  not  sufficiently  recognised  bv  writers  on  culture 
history,  of  the  Asiatic  influences  under  which  the  pra)-Columbian  culture  of 
America  took  shape.  In  the  religion  of  old  Mexico  four  great  scenes  in  the 
journey  of  the  soul  in  the  land  of  the  dead  are  mentioned  by  early  Spanish  writers 
after  tne  conquest,  and  are  depicted  in  a  group  in  the  Aztec  picture-writing  known 
as  the  Vatican  Codex.  The  lOJir  scenes  are,  first,  the  crossing  of  the  river ;  second, 
the  fearful  passage  of  the  soul  between  the  two  mountains  which  dash  together ; 
third,  the  soul's  climbing  up  the  mountain  set  with  sharp  obsidian  knives;  fourth. 
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the  dangers  of  the  wind  carrying  such  knives  on  its  hlast.  The  Mexican  pictures 
of  these  four  scenes  were  compared  with  more  or  lees  closely  corresponding  pictures 
representing  scenes  from  the  nuddhist  hells  or  purgatories  as  depicted  on  Japanese 
temple  scrolls.  Here,  first,  the  river  of  death  is  shown,  where  the  souls  wade 
across ;  second,  the  souls  have  to  pass  hetween  two  huge  iron  mountains,  which 
are  pushed  together  l^  two  demons ;  third,  the  guilty  souls  climh  the  mountain  of 
knives,  whose  hlades  cut  their  hands  and  feet;  fourth,  fierce  hlasts  of  wind  drive 
against  their  lacerated  forms,  the  hlades  of  knives  flying  through  the  air.  It  was 
argued  that  the  appearance  of  analogues  so  close  and  complex  of  Buddhist  ideas  in 
Mexico  constituted  a  correspondence  of  so  high  an  order  ss  to  preclude  any  expla- 
nation except  direct  transmission  from  one  religion  to  another.  The  writer, 
referring  also  to  Humboldt's  argument  from  the  calendars  and  mythic  catastrophes 
in  Mexico  and  Asia,  and  to  the  correspondence  in  Bronze  Age  work  and  in  games 
in  both  regions,  expressed  the  opinion  that  on  these  cumulative  proofs  anthro- 
pologists might  well  feel  justified  in  treating  the  nations  of  America  as  having 
reached  their  level  of  culture  under  Asiatic  influence. 


5.  On  Camplexumal  Differences  hetween  Natives  of  Ireland  unth  In- 
digenous and  Exotic  Surnames  respectively.  By  John  Beddos, 
M.D.,  LL.D,,  F.B.S. 

Taking  his  data  chiefly  from  the  military  reports,  the  author  shows  that  while 
the  former  class  of  Irishmen  are  largely  characterised  by  the  prevalence  of  light 
eyes  and  dark  hair,  in  the  latter  dark  hair  is  much  less  frequent.  He  suggests 
that  a  simple  mixture  of  Englishmen,  Scotchmen,  &c.,  with  the  natives  snould 
have  also  decidedly  increased  the  proportion  of  dark  eyes,  which  has  not  been  the 
case  to  any  considerable  extent ;  and  that  the  influence  of  climate,  which,  if  operative 
at  all,  should  tell  in  favour  of  the  blonde  complexion,  may  have  had  some  effect 
upon  an  unstable  cross-breed. 


£▼€8      . 

Light 

Dark 

Hair     .        . 

Red 

Ffur 

Brown 

Dark 

BUck 

4-5 
2-8 

Totl 

74-3 
73-4 

R«d 

1-8 
1-4 

Fair 

Brown 

DarklBlBck 

Totl. 

Indigenous  \ 
names    . ' 

Exotic 
names    . 

3-5 
2-4 

20-6 
22-9 

264 
291 

19-3 
16-2 

2-9 
3-4 

7-9 
10-2 

10-2 
8-7 

31 
2-7 

26*4 
26-4 

FRIDAY,   AUGUST  10. 

The  following  Reports  and  Papers  were  read : — 

1.  The  Report  of  the  Committee  on  Prehistoric  and  Ancient  Remains 
in  Glamorganshire, — See  Reports,  p.  418. 


2.  The  Report  of  the  Committee  on  the  Exploration  of  Elholton  Cave, 
See  Reports,  p.  270. 


3.  I7t«  Report  of  the  Committee  on  the  Explorations  at  Oldhury  Hill. 
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4.  On  the  Evolution  of  Stone  ImpUmenU.    By  H.  Stopes. 

The  author  defined  an  '  Implement '  to  be  any  stone  uaed  to  fadlitat«  man's 
actions,  not  necessarily  made,  but  used;  use  beio^  detennined  by  wear.  By 
'  Evolution '  he  meant  a  series  of  improvements  in  flmt  implements,  the  result  of 
mental  processes  and  widening  experience,  though  points  are  reached  in  all  de- 
yelopments,  beyond  which  advance  on  the  same  unes  stops. 

The  earliest  tools  were  any  chance  natural  stones  used  for  breaking,  bruising, 
or  hammering.  Traces  of  use  are  not  perceived  on  these  unless  they  were  fre- 
quently used,  when  they  became  worn  or  polished.  The  next  step  was  the  seleo- 
tion  of  stones  suitable  for  given  purposes,  and  convenient  to  oe  held  in  the 
band.  The  only  signs  these  show  of  being  implements  are  also  marks  of  wear. 
The  author  showed  many  such  specimens,  and  referred  to  the  collection  of 
Mr.  Harrison,  of  Ightham.  Natural  stones  were  next  gradually  trimmed  for  use 
by  a  few  strokes.  These  also  were  illustrated  by  a  series  of  what  the  author 
termed  '  transitional '  forms,  as  they  are  intermediate  between  the  elected  and  laed, 
and  the  worked  and  used,  or  Paleolithic  implements.  The  transitional  stones  are 
frequently  large  and  rough,  generally  leU'-handed,  and  with  thick  patination. 
The  terms  Palsoolithic  and  Neolithic  have  become  indefinite.  Many  of  the 
Palseoliths  are  evidently  meant  for  handles,  and  some  of  them  are  of  finer  work 
than  the  Neoliths.  Specimens  were  shown  from  many  localities,  but  chiefly  from 
the  upper-level  gravels  of  Kent,  from  80  feet  to  300  feet  above  the  O.D.,  in- 
cluding anvils,  hammers,  anchors,  net-weights,  single-  and  double-pointed  drills  or 
borers,  gyrators,  axes,  spokeshaves,  fabricators  and  arrow-heads ;  and  their  parallels 
were  shown  from  each  period.  These  are  the  types  of  many  of  the  steel  tools  of 
to-day.  A  set  of  sharp-pointed  axes  having  a  spiral  twist  were  shown  to  be  deve- 
loped into  the  peculiar  gyrators  of  the  rock-shelter  men,  found  also  amongst  the 
gravels  of  Swanscomb.  Specially  instructive  are  the  natural  but  used  stones. 
Fully  half  of  these  show  no  bulb  of  percussion.  These  invaluable  records  are  fast 
disappearing  from  free  use  for  concrete  and  road  metal.  The  importance  of  pre- 
servmg  worked  stones  for  the  use  of  future  students,  and  the  value  to  the  critic  of 
being  able  to  compare  a  large  series  together,  in  order  to  form  just  conclusions, 
were  pointed  out.  

5.  A  Joint  Discussion  tvith  Section  C  on  the  Plateau  Flint  Implements  of 
North  Kent  was  hdd^for  which  see  p,  651. 


BATURDAT,    AUGUST  11. 
The  following  Reports  and  Papers  were  read : — 

1.  The  Report  of  the  Committee  on  the  Mental  and  Physical  Condition  q)f 
Children. — See  Reports,  p.  434. 


2.  On  a  New  System  of  Hieroglyphics  and  a  Prce-Phcsnician  Script 
from  Crete  and  the  Peloponnese.    By  Arthur  J.  Evans,  M.A. 

The  author  sud  that  the  Mycenaean  civilisation  was  in  many  respects  the 
equal  contemporary  of  those  of  figypt  and  Babylonia,  and  they  might  well  ask 
themselves,  Was  this  civilisation  wholly  dumb  r  Homer,  at  least,  contained  a 
hint  that  some  form  of  v^itten  symbols  was  in  use. 

During  a  journey  to  Greece  in  the  preceding  year  Mr.  Evans  had  obtained  a 
clue  to  the  existence  of  a  peculiar  kind  of  seal-stones— the  chief  find-spot  of  which 
seemed  to  be  Crete — presenting  symbols  of  a  hieroglyphic  nature.  This  spring  he 
had  been  able  to  foUow  up  his  inquiries  by  the  exploration  of  the  ancient  sites  of 
Central  and  Eastern  Crete,  and  the  result  of  his  researches  had  been  to  bring  to 
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light  a  series  of  stones  presenting  pictographic  symlMls  of  tlie  same  nature,  so 
that  he  was  now  able  to  pat  together  over  seventy  symbols  belonging  to  an  inde- 
pendent hieroglyphic  system.  More  than  this,  he  had  discovered,  partly  on  stones 
of  similar  form,  partly  engraved  on  prehistoric  vases  and  other  materials,  a  series 
of  linear  characters,  a  certain  proportion  of  which  seemed  to  grow  out  of  the 
pictorial  forms.  Both  these  systems  of  writing  were  represented  as  the  diafframs 
exhibited.  It  would  be  seen  that,  as  in  the  case  of  the  Egyptian  and  Hittite 
evmbols,  the  Cretan  hieroglyphs  fell  into  certain  distinct  classes,  such  aa  parts  of 
the  human  body,  arms  and  implements,  animal  and  vegetable  forms,  objects  re- 
lating to  maritime  life,  astronomical  and  geometrical  symbols.  Some  of  them, 
such  as  the  two  crossed  arms  with  expanded  palms,  belonged  to  that  interesting 
class  of  pictographs  which  is  rooted  in  primitive  gesture  l^iguage.  The  s}rmbols 
cxx;urred  in  g^uns,  and  there  were  traces  of  a  Imutrophedon  arrangement  in  the 
several  lines.  The  comparisons  instituted  showed  some  interesting  affinities  to 
llittite  forms.  Among  the  tools  represented,  Mr.  Evans  was  able  to  recognise 
the  '  template '  or  '  templet '  of  a  decorative  artist,  and,  with  the  assbtance  of  a 
model  of  this  symbol  taken  in  connection  with  a  design  supplied  by  a  Mycenaean 
gem  found  in  Crete,  he  was  able  to  reconstruct  a  Mycenaean  painted  ceiling 
analogous  to  those  of  Orchomenos  and  the  eighteenth-dynasty  Egyptian  tombs  of 
Thebes  (circa  1600  B.C.). 

The  linear  and  more  alphabetic  series  of  symbols  was  shown  to  fit  on  to 
certain  signs  engraved  on  the  walls  of  what  was  apparently  a  Mycenaean  palace 
at  Kn6so8,  and  again  to  two  groups  of  signs  on  vase-handles  from  Mycenae.  It 
was  thus  possible  to  reconstruct  a  Mycenaean  script  of  some  twenty-four  characters, 
each  probably  having  a  syllabic  value.  It  further  appeared  that  a  large  proportion 
of  these  were  practically  identical  with  the  syllabic  signs  that  survived  among  the 
Greeks  of  Cyprus  to  a  comparatively  late  date.  The  Cypriote  system  threw  a 
light  on  the  phonetic  value  of  the  Mycenaean. 

Resuming  the  results  arrived  at,  Mr.  Evans  said  that  they  had  now  before 
them  two  systems  of  primitive  script — one  pictographic,  the  other  linear— both,  as 
was  shown  by  the  collateral  archaeological  evidence,  belonginf^  to  the  second 
millennium  before  our  era,  and  to  the  days  before  the  Phoenician  alphabet  had 
been  introduced  among  the  Greeks.  Some  pictorial  forms,  however,  of  the  one 
series  clearly  appeared  in  a  linear  form  in  the  other ;  the  double  axe,  for  instance, 
being  seen  in  two  stages  of  linearisation — the  simpler  form  identical  with  the 
Cypriote  character.  On  the  whole,  the  pictographic  or  hieroglyphic  series  seemed 
more  peculiarly  indigenous  to  Crete,  and  the  linear  forms  to  be  Mycenaean  in  the 
widest  sense.  The  Eteocretans,  or  indigenous  stock  of  the  island,  who  preserved 
their  language  and  nationality  in  the  east  of  the  island  to  the  borders  of  the 
historic  period,  certainl)r  used  these  hiero^yphs.  Mr.  Evans  gave  reasons,  based 
on  his  recent  archaeological  discoveries  in  Eastern  Crete,  for  believing — what  had 
long  been  suspected  on  historic  and  linguistic  grounds — that  the  Philistines  who, 
according  to  unanimous  Hebrew  traditions,  came  from  the  Mediterranean  islands, 
and  who  are  often  actually  called  Krethi  in  the  Bible,  represented  in  fact  this 
old  indi^nous  Cretan  stock ;  and  that  they  had  here  the  relics  and  the  writing  of 
'  the  Philistines  at  home.'  On  Egyptian  monuments  a  people,  who  came  from 
*  the  islands  of  the  sea,'  are  seen  bc^iring  tributary  vases  of  forms,  some  of  which 
recur  on  a  whole  series  of  engraved  gems  seen  or  collected  by  Mr.  Evans  in 
Eastern  and  Central  Crete.  Their  dress,  their  peaked  shoes,  their  long  hair 
falling  under  their  arms,  all  recurred  on  Cretan  designs,  representing  the  in- 
habitants of  the  island  in  Mycenaean  times. 


3.  Exhibition  of  Prehistoric  Objects  collected  during  a  Journey  and  Explora- 
tions in  Central  and  Eastern  Crete,    By  Abthub  J.  Evans,  M.A, 
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4.  TA«  Heredity  of  Acquired  Characters,^ 
By  Frofeasor  A.  Macalistbe,  Jf.D.,  F.R,S. 


5.  Notes  on  Skin,  Hair,  and  Pigment, 
By  Professor  Arthur  Thomson,  If,A, 


6.  On  the  Anthropological  Significance  of  Ticklishness. 
By  Louis  Robinson,  M,D, 

The  tiddishneas  which  is  so  marked  in  children,  and  which  is  associated  with 
laaghter,  appears  to  be  different  from  the  ticklishness  of  the  surface  of  the  skin. 

Its  aniversal  distribution  indicates  that  it  was  at  one  time  of  importance, 
although  at  present  it  appears  to  fill  no  place  in  the  animal  economy. 

It  is  found  that  in  young  apes,  puppies,  and  other  like  animal»,  the  most 
ticklish  regions  correspond  to  the  most  Tuinerable  spots  in  a  fight.  In  the  mock 
fights  of  immaturity,  skill  in  defending  these  spots  is  attained. 

In  children,  and  in  anthropoid  apes  which  fight  with  their  canine  teeth,  the 
most  ticklish  regions  are  practically  identical.  Young  orangs  and  chimpanzees 
grin,  and  behave  otherwise  much  like  childbren  when  tickled. 

It  seems  probable,  therefore,  that  in  the  ticklishness  of  children  we  hare  a 
yestige  of  a  state  of  racial  development  when  the  canine  teeth  were  habitually  used 
by  our  ancestors  in  war  for  mates  or  food. 


7.  On  the  Bow  as  a  Musical  Instrument,    By  H.  Balfour,  M,A, 

The  bow  has  been  for  a  long  while  commonlyaccepted  as  the  prototype  of  m 
large  series  of  stringed  musical  instruments.  Witness  the. Greek  legend  which 
attributed  the  first  appreciation  of  the  musical  potentialities  of  a  tense  string  to 
Apollo,  who  observed  them  in  the  twang  of  the  bowstring.  In  India  legend  refers 
the  invention  of  stringed  instruments  to  Siva,  who  used  a  bow  for  musical  pur- 
poses. In  Japan  the  origin  of  the  six-stringed  koto  is,  in  the  legend  of  Amaterasu, 
traced  to  an  extemporised  instrument  composed  of  six  bows  lasoed  together.  So, 
too,  modem  writers  have  for  the  most  part  regaided  the  bow  as  a  parent  form  of 
many  of  the  instruments  even  of  the  highest  types.  Stages  in  the  probable 
phylogenetic  development  of  stringed  instruments  may  be  studied  in  the  survivals 
of  primitive  forms  still  existing  in  various  countries.  Simplest  of  all  is  the  mono- 
chord  of  the  Damaras  (Herero),  extemporised  firom  the  ordinary  shooting  bow  of 
the  country  by  the  addition  of  a  string  bracing  the  bowstring  to  the  bow,  and 
thus  tightening  it  and  dividing  it  into  two  parts,  whose  notes  are  elicited  by-  tap- 
ping upon  the  string  with  a  small  stick.  To  increase  the  resonance  the  bow  is  held 
to  the  mouth  of  the  performer.  Stage  2  is  represented  in  many  parts  of  Africa 
by  musical  bows,  still  simple  bows,  veiy  slightly  modified  for  musical  purposee 
only.  These  are  either  held  in  the  teeth  or  to  the  mouth,  or  rested  upon  resonant 
bodies  (gourds,  &c.)  to  increase  resonance.  Statre  3  is  that  in  which  a  resonator  i» 
attached  to  the  bow,  usually  a  gourd,  as  in  the  Zulu  '  gubo.'  Musical  bows  in  these 
three  stages  occur  from  the  Niger  down  the  west  of  Africa  to  the  Cape,  and  along 
the  more  easterly  regions  as  far  north  as  the  Dohr  or  Bongo  tribes.^  This  dis- 
tribution is  nearly  continuous.  In  Asia  we  meet  at  the  present  day  with  musical 
bows  in  forms  corresponding  with  stage  2,  as  in  the  Pinaka  of  North  India,  a  lightlj 
made  bow  strung  with  fine  string.  Also  the  musical  bow  of  the  Bhuiyars  (abori- 
ginal; of  Mirzapur,  though  this  is  an  aberrant  form.  It  seems  likely  that  aniusic^il 
bow  almost  identical  with  the  bow  and  gourd  resonator  of  South  Africa  exists  in 
India,  this  observation  being  partly  based  upon  a  small  figure  of  a  man  with  such 
a  bow  in  the  Pitt-Rivers  collection,  and  partly  upon  a  study  of  forms  which  seem 
to  have  passed  through  such  a  stage.  In  the  Malay  regions  we  find  musical  bowe 
used  with  or  without  resonators  in  the  '  busoi '  of  Borneo,  and  in  a  simple  fonii  in 
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Timor.  Eastwards  a  variety  occurs  in  the  '  pangolo '  of  New  Britain,  a  tow  with 
two  strings,  one  of  which  is  braced  to  the  bow  with  a  string,  as  in  South  African 
examples.  In  the  Solomon  Islands  miniature  bows  are  played  upon  with  the 
finffers ;  at  least  three  varieties  are  known  there,  one  of  which  has  two  strings 
('  kalove '  of  Florida  Island).  In  the  Marquesas  group  a  musical  bow  exists ;  and 
in  the  Sandwich  Islands  an  instrument  is  found  which,  though  it  can  hardly  be 
called  a  '  bow,'  is  evidently  closely  allied  to  the  two-stringed  *  kalove '  of  Florida 
Island.  In  the  New  World  a  pretty  wide  range  is  seen  for  the  musical  bow,  but 
as  it  is  here  evidently  of  African  origin,  and  owes  its  transmission  fo  the  immi- 
gration of  African  labour,  the  instrument  in  this  region  calls  for  no  special 
remark. 

In  Africa  one  may  still  trace  stages  in  the  development  of  the  primitive  forms 
of  harps  from  the  musical  bow,  while  the  more  elaborate  haips  of  the  ancient 
Egyptians  and  Greeks  show  unmistakable  signs  of  this  original  derivation,  as  does 
the  modern  harp  of  Burma,  and  that  of  the  Ossetes  of  the  Caucasus,  as  also  several 
harp-like  forms  of  mediseval  times  in  Western  Europe.  These  all  agree  in  the 
absence  of  a  supporting  front  pillar,  and  the  many  obvious  inconveniences  of  these 
forms  justify  one  in  sayinff  that  these  instruments  would  never  have  come  into 
existence  except  as  a  gradual  development  from  primitive  bow-like  forms,  the 
awkwardness  of  whose  structure  persisted  through  a  somewhat  blind  adherence  to 
traditional  form.  In  India  there  is  evidence  that  the  '  vina '  owes  its  origin  to  the 
bow,  there  still  surviving  various  intermediate  types  which  can  reasonably  be 
regarded  as  survivals  of  various  stages  in  the  phylogeny  of  the  group. 


8.  The  JRekUions  between  Body  and  Mind^  as  expressed  in  Early  LanguageSy, 
Customs^  amd  Myths.    By  Bev.  G.  Habtwbll  Jones,  M,A. 

The  conditions  in  which  early  races  lived  precluded  the  possibility  of  arriving^ 
at  anything  like  anatomy  or  psychology,  let  some  crude  notions  appear  in 
ancient  literatures,  customs,  and  myths,  and  these  become  more  intelligible  when 
viewed  in  the  li^ht  of  similar  superstitions  which  have  prevailed  at  all  times 
among  xmprogressive  tribes  of  savages.  Naturally,  the  study  of  the  physical  frame 
and  mental  constitution  received  bat  little  attention  before  the  rise  ot  science  in  the 
East  and  Asia  Minor. 

That  the  Indo-European  XJrvolk  must  have  had  some  knowledge  of  (i.)  the 
body  is  proved  by  their  common  inheritance  of  descriptive  words  for  parts  of  the 
human  nrame^  Even  where  the  roots  of  vocables  relating  to  the  body  are  not  akin, 
there  is  a  resemblsnce  in  the  conceptions  prevalent  in  v^delj  distant  parts  of  Europe, 
and,  indeed,  of  the  globe.  Among  their  common  possessions  are  (1)  words,  some 
describing  the  creation  of  the  body,  others  the  shape,  others  the  substance.  Again^ 
(2)  the  similarity  of  the  conceptions  is  noteworthy.  When  analysed,  these  exhibit 
a  growth  of  meaning,  transition  of  thought,  and  gradual  gain  in  distinctness  of 
idea.  At  first,  however,  there  is  constant  confusion.  Thus  the  bodily  sense  is 
confused  with  its  organ,  and  a  connection  was  supposed  to  exist  between  defects  of 
the  body  and  mental  weakness.  The  habit  also  of  employing  one  member  to  repre- 
sent the  whole  is  frequently  found  in  early  stages  of  language,  and  particularly  in 
poetry.  And  if  the  ideas  concerning  the  body  and  its  parts  were  indistinct,  as  was 
to  be  expected  in  the  earlier  stages  of  human  development,  still  more  vague  was 
the  knowledffe  of  (ii.)  the  mind  and  its  phenomena.  Especially  common  among  primi- 
tive and  backward  races  is  the  notion  that  life,  mind,  and  soul  are  air,  vapour,  or 
shade ;  for  example,  in  Sanskrit,  Greek,  Latin,  and  Teutonic  languages.  Their 
general  idea,  too,  of  the  mental  Acuities  was  hazy.  Even  as  late  as  Homer's  age 
the  body  was  regarded  as  the  source  of  all  actions,  but  by  the  poet's  time  know- 
ledge had  progressed  far  enough  to  discriminate  the  intellectual  and  emotional 
faculties,  the  power  of  reflection,  memory,  and  imagination.  In  this  connection 
several  interesting  points  arise :  (a)  in  the  growth  of  language  and  thought  the 
physical  and  concrete  precede  the  psychical  and  abstract ;  for  instance,  in  Greek, 
Latin,  Persian,  Sanskrit,  and  Chinese.    (/3)  There  was  until  a  very  late  period  still 
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8ome  confusion  between  the  functions  of  the  different  parts  of  the  body,  or  between 
the  functions  of  the  blood  in  relation  to  those  of  body  and  mind.  £oualIy  loose 
are  the  notions  respecting  (iii.)  bodily  and  mental  disease.  At  first  the  dusMsed 
were  put  to  death,  and  when  tbe  heeling  art  originated,  diseases  were  attributed 
to  divine  or  demoniacal  a^ncy.  Such  was  the  case  even  with  the  Assyrians, 
Babylonians,  and  Greeks.  This  being  the  case,  supernatural  remedies  were  sought, 
and  although  by  Homer*s  day  human  methods  were  employed,  yet  traces  of  the 
Divine  influence  are  distinctly  discernible.  This  is  seen  in  the  propitiation  of  eyil 
epirits,  such  as  Nosos,  Febris,  Apollo,  Artemis ;  in  the  superstitious  reverence 
with  which  epilepsy  and  madness  were  r^arded,  together  with  many  other  super- 
stitions of  which  glimpses  appear  as  late  as  Plato.  Especially  instructive  is  the 
worship  of  ^Esculapius,  the  patron  of  medicme,  whose  history,  stripped  of  the 
legendary  lore  that  has  gathered  around  him,  reveals  an  historical  personage.  His 
traditional  descent  from  the  Sun-God,  his  initiation  by  the  Thessalian  Centaur, the 
combination  of  incantations  and  prayers,  with  human  aids,  like  embrocations, 
salves,  potions,  and  the  knife,  the  peculiar  custom  of  KoraKoifuurBaif  and  the  im- 
portant part  played  by  the  serpent  and  the  cock  in  his  worship,  exhibit  a 
strange  mixture  of  the  natural  and  supernatural,  and  well  illustrate  the  early 
evolution  of  the  art  of  medicine. 

An  examination  of  the  growth  of  knowledge  of  the  body  and  mind,  and  their 
treatment,  therefore  affords  further  proof  that  (1)  the  primitive  condition  of  the 
pioneers  of  civilisation  was  no  higher  than  that  of  savages ;  (2)  the  parallels 
presented  by  words  and  ideas  in  countries  widely  separated  from  one  another 
cannot  be  satisfactorily  explained  by  coincidence ;  (8)  tne  civilisation  of  Western 
Europe,  viewed  as  a  whole,  began  in  contact  with  the  East. 


9.  On  the  Alleged  Presence  of  Negritoes  in  JBomeo, 
By  H.  LiNQ  Both. 

The  circumstantial  evidence  collected  bv  the  late  Mr.  Earl  that  a  people  of  a 
negroid  character  existed  in  Borneo,  and  the  discovery  by  M.  Hamy  of  a  negrito 
fikull  from  that  island,  has  led  to  the  established  belief  that  negritoes  exist  there. 
The  skull  in  question  undoubtedly  came  from  Borneo,  and  it  is  undoubtedly  a 
negrito  skull ;  but  there  is  no  proof  that  it  originated  in  Borneo.  We  know  that 
Andaman  Islanders  (negritoes)  have  been  kidnapped  by  Malay  and  Ilanum  pirates 
and  carried  to  India  and  other  parts,  so  that  for  the  present,  in  spite  of  the 
strong  circumstantial  evidence,  we  must  withhold  our  judgment  as  to  whether 
negritoes  exist  in  Borneo. 

10.  On  the  Possibility  of  a  Common  Lmtguizge  between  Man  and  other 
Animals.    By  Miss  Aones  G.  Weld, 

The  authoress  pointed  out  that  the  Hebrews,  Greeks,  and  Bomans  believed  that 
at  one  time  man  and  animals  could  understand  each  other's  languages,  whilst  at 
the  present  day  an  Irish  peasant  vrill  tell  you  that  the  cock,  on  Easter  morning, 
crows  in  good  Erse  the  tidings  that  the  Lord  is  risen.  In  these  old  and  popular 
legends  most  stress  is  laid  on  the  acquisition  of  human  speech  by  animals,  whereas 
modem  scientific  effort  is  tending  in  the  reverse  direction.  She  believes  that,  with 
the  exception  of  the  parrot  and  one  or  two  other  birds,  the  creatures  below  us  in 
the  scale  of  existence  are  unable  to  pronounce  the  fuU  gamut  of  sounds  we  can 
utter,  some  making  use  of  vowels  alone,  others  merely  of  consonants,  so  that  it  is 
far  eaaer  for  us  to  speak  in  their  langua^  than  for  them  to  talk  in  ours.  Miss 
Weld  proceeded  to  exemplify  this  by  telling  of  a  daily  conversation  she  used  to 
hold  with  a  wild  nightingale,  and  then  narrated  the  remarkable  effect  produced  by 
lietr  upon  a  savage  retriever  that  had  set  upon  a  coUie.  Miss  Weld  described  how, 
■when  she  had  growled  out  certain  deep  notes  of  dog  langua^,  an  awestrack 
expression  came  into  the  retriever*8  eyes;  and  how,  instantly  letting  go  his  hold  of 
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the  collie,  he  answered  the  deep  notes  by  a  whinHBred  growl,  backing  as  he  did  so 
into  a  comer,  where  he  remained,  in  the  most  abject  terror,  not  venturing  to  stir 
till  Mies  Weld  was  out  of  sight. 

11.  On  Mythical  Pygmy  Races. 
By  Professor  Bertbam  Windle,  D.Sc,  M,D. 

In  this  commiinication  it  was  shown  that  the  idea  of  mythical  pygmy  peoples, 
fairies,  or  el?es,  was  diffused  throughout  the  world ;  that  whilst  general  leatures 
of  resemblance  were  present,  there  were  many  points  of  distinction,  and  notably 
with  regard  to  the  nature  of  their  supposed  dwelling-places,  an  account  of  which 
was  given. 

An  attempt  was  made  to  show  that  no  single  explanation  Lb  ade(]uate  to 
account  for  these  legendary  races,  but  that  a  number  of  elements  enter  mto  the 
composition  of  the  myth. 


MONDAY,  AUGUST  IS. 
The  following  Reports  and  Papers  were  read  : — 

1.  Pygmiea  in  Europe,    By  Professor  J.  Kollm ANN,  M,D. 

Near  Schaffhausen,  in  Switzerland,  a  prehistoric  settlement  was  described  by  the 
author  which  had  been  used  successively  in  Paksolithic,  Neolithic,  and  Metallic 
times.  Each  period  was  distinctly  separated  from  the  other  by  a  differently 
coloured  stratum.  The  Palseolithic  stratum  contcdned  a  larsfe  number  of  the  broken 
bones  of  reindeer,  also  those  of  horse,  ice-fox,  bear,  and  other  animals  in  less 
number.  No  human  bones  were  found  in  it,  only  worked  flakes.  It  was  covered 
over  by  a  layer  of  breccia,  80  cm.  thick,  which  contained  no  traces  of  man. 

Over  this  came  the  Neolithic  stratum,  of  an  average  thickness  of  40  cm.,  which 
contained  potsherds  and  large  quantities  of  ashes,  giving  it  a  grey  tinge.  The  animal 
remains  found  in  it  were  those  of  stag,  roe,  black  bear,  ox,  Jkc. ;  the  reindeer  had 
entirely  disappeared.  The  uppermost  stratum  is  a  layer  of  humus  40  to  60  cm. 
thick.  Bunng  its  formation  man  had  ceased  to  settle  there  for  any  length  of  time 
under  the  shelter  of  the  overhanging  rocks.  A  few  implements  were  found  in  it, 
but  they  were  of  an  inferior  kind,  so  that  this  layer  of  the  so-called  Metallic  period 
calls  for  no  further  comment.  Not  so  with  the  Neolithic  stratum,  in  which  were 
more  than  twenty  human  interments,  both  of  adults  and  children.  Eleven  of  the 
latter  varied  in  age  from  the  new-bom  child  up  to  that  of  seven  years,  and  some  of 
them  were  buried  with  particular  'care.  The  adult  interments  consisted  of  the 
skeletal  remains  of  (a)  full-grown  European  types,  and  (b)  small-sized  People,  which 
must  be  considered  as  pygmies  of  the  Neolithic  period  of  Europe.  These  two 
races  were  found  interred  side  hj  side  imder  precisely  similar  conditions ;  from  which 
it  may  be  concluded  that  they  lived  peacefully  together,  notwithstanding  their  great 
racial  difference.  The  remains  of  four  of  thesepvgmies,  and  probably  of  a  fifth,  were 
found.  Their  stature,  estimated  according  to  Manouvrier's  method,  from  the  femur, 
is  as  follows: — No.  2, 1,416  mm.;  No.  12, 1,355  mm.,  and  No.  14, 1,500  mm., 
giving  an  average  of  1,424  mm.  Thb  may  be  compared  with  the  average  stature 
of  the  Yeddas  of  Ceylon,  which  is  1,576  mm.,  accoraing  to  Sarasin,  and  with  the 
skeleton  of  an  Andaman  Islander  measured  by  the  author,  in  which  the  femur 
measured  424  mm'.,  the  stature  of  the  skeleton  being  1,500  mm.,  while  the  femora 
of  the  Swiss  Neolithic  pygmies  are :  No.  2, 869  mm. ;  No.  12,  855  mm.,  and  No.  14, 
893  mm. 

There  were  seven  interments  of  the  taller  race,  of  which  the  fbmur  of  No.  5 
measured  454  mm.,  giving  a  stature  of  1,662  mm.,  which  RoUet  found  to  be  the 
average  height  of  adult  J»enchmen.  The  remains  of  the  other  individuals  of  this 
race  could  not  be  satisfactorily  measured. 
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The  author  stated,  on  the  authority  of  Professot  Virchow,  that  the  bonee  of  the 
small  race  are  not  those  of  a  pathologicalljr  degenerated  people,  but  of  normal 
structure.  In  connection  with  this  find  it  is  important  to  note  that  Sergi  and 
Mantia  have  discovered  some  living  pygmies  in  Sicily  and  Sardinia,  mostly  under 
1,506  mm.  in  height  in  Sicily.  In  appearance  they  look  like  mlaiature  Europeans. 
In  the  author's  opinion  these  small  types  must  be  regarded,  not  as  diminutive 
examples  of  normal  nicfts,  but  as  a  distinct  species  of  mankind  which  occurs  in 
several  types  dispersed  over  the  globe ;  and  he  is  led  to  believe  that  they  have  been 
the  precursors  of  the  larger  types  of  man. 


2.  On  some  Stone  Implements  of  Australian  Type  from  Tasmania. 
By  E.  B.  Ttlob,  i>.(7.Z.,  F,B.S. 

The  ordinary  stone  implements  used  by  the  Tasmanians  were  remarkable  for 
their  rudeness.  They  come  generally  under  the  definition  of  substantial  flakes, 
trimmed  and  edged  by  chipping  on  one  side  only,  not  ground  even  at  the  edge,  and 
fprasped  in  the  hand  without  any  kind  of  handle.  The  Palsdolithic  level  of  these 
implements,  notwithstanding  their  often  recent  date,  had  been  pointed  out  by  the 
writer.'  In  illustration  of  this  comparison,  Tasmanian  implements  were  now 
exhibited  side  by  side  with  flint  implements  from  the  cavern  of  Le  Moustier,  in 
Dordogne.  But  an  important  point  of  exception  as  to  this  comparison,  mentioned 
in  the  paper  referred  to,  demands  reconsideration  in  view  of  the  new  evidence  now 
brought  forward.  In  the  investigation  as  to  native  stone  implements  conducted  about 
twenty  years  ago  by  the  Royal  Society  of  Tasmania,  some  exceptional  statements 
were  made  as  to  stone  axes  or  '  tomahawks '  being  ground  to  an  edge,  and  fixed  in 
handles,  and  these  were  explained  as  due  to  the  Australian  natives  who  have 
passed  into  Tasmania  since  the  European  settlement.  What  was  meant  by  these 
statements  now  appears  more  clearlj^  from  three  ground  implements  of  distinctly 
Australian  character,  well  authenticated  as  brought  from  Tasmania,  and  now 
exhibited  by  the  courtesy  of  the  Municipality  of  Brighton,  to  whose  museum  they 
belong.  The  largest  has  a  label  showing  that  it  was  obtained  throngh  Dr.  Joseph 
Milligan,  probably  from  G.  A.  Bobinson,  the  first  protector  of  the  aborigines  after 
the  native  war;  and  that  it  was  grasped  in  the  hand  for  notching  trees  in  climb- 
ing. The  other  two  specimens  are  merely  marked  '  Tasmanian,'  with  the  initiida 
^  G.  A.  R.'  The  coexistence  of  two  such  different  types  as  the  chipped  and  ground 
forms  in  Tasmania  requires,  however,  further  explanation.  This  may  probiul>l7  be 
found  in  the  immigration  of  Australians  either  after  or  before  the  English  colonisa* 
tion,  but  it  would  be  desirable  that  anthropologists  in  Tasmania  should  make 
further  inquiry  into  the  question  on  the  spot,  so  as  fully  to  clear  up  the  interesting 
position  of  the  Tasmanian  Stone  Age. 


3.  On  Tasmanian  Stone  Implements.    By  H.  Ling  Both. 


4.  The  Troglodytes  of  the  Bruniquel,  a  Grotto  of  Ironworks  on  the 
Borders  of  Aveyron,    By  Dr.  Emilb  Cabtailhao. 

The  collection  of  which  M.  Emile  Cartailhac  showed  photographs  has  been 
formed  by  the  Viscomte  de  Lastio.  It  is  the  complement  of  the  beautiM  series 
acquired  some  time  ago  by  the  British  Museum. 

The  engravings  upon  bone  and  the  sculptures  representing  animals  are  very 
remarkable,  and  throw  a  bright  light  on  the  art  of  the  Reindeer  Age.  Amongst  the 
most  interesting  objects  are  the  straight  beams  of  reindeer  horn,  sculptured  at  one 
extremity  in  the  form  of  a  horse  as  seen  from  the  front,  head  lowered  against  the 
breast,  feet  joined.  There  are  several  pieces  of  this  kind,  almost  similar.  Lartet 
found  similar  specimens,  but  broken  and  unrecognisable,  in  the  layers  of  the 

»  *  On  the  Tasmanians  as  Representatives  of  Palseolithic  Man  *  in  Journ.  Antkrop: 
Inst.,  vol.  xxiii.  1893,  p.  141. 
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Dordogne.  Others  have  been  described  in  the  rock  shelters  of  the  Pyrenees  and 
in  Switzerland.  M.  Cartailhac  laid  stress  on  the  conclusions  which  can  be  deduced 
from  the  presence  of  similar  pieces  in  layers  so  remote.  Of  all  the  sculptured 
objects  of  the  same  epoch  this  is  the  only  one  which  to  any  extent  had  a  look  df 
repetition. 

M.  Emile  Cartailhac  then  entered  into  an  exposition  of  the  facts  which  led  him 
to  consider  that  neither  the  reindeer  nor  the  horse  was  domesticated  or  bridled 
during  the  Reindeer  Age. 

5.  A  New  Statv^ette  of  the  Reindeer  Age  representing  a  Wonym,  Sculptured 
in  Ivory.    By  Dr.  Emile  Cartailhac. 

The  rock  shelters  of  Brassempouy,  on  the  waste  land  north  of  the  little  Tillage 
of  Orthes,  includes  one  of  the  richest  layers  of  the  Quaternary  epoch.  The  mam- 
moth and  its  contemporaneous  fauna  are  largely  represented ;  with  flints,  recalling 
to  mind  in  some  instances  the  types  of  Langerie  Haute  and  of  Solutrd;lay  a  certain 
number  of  the  worked  bones  and  also  remarkable  pieces  of  sculpture,  some  of  which 
have  been  described  in  '  Mat^rieux '  and  elsewhere ;  others  are  still  unpublished. 

Amongst  the  latter  is  a  broken  ivory  statuette,  collected  by  M.  Dubfdgn, 
Conservateur  of  the  Museum  of  Mont  de  Marsan,  a  portion  of  which  M.  Emile 
Cartailhac  has  reconstructed.  The  loss  of  the  upper  part  of  the  bust  in  this 
specimen  is  very  unfortunate,  since,  if  one  may  judge  by  the  rest  of  the  body,  it 
was  carved  with  great  regard  to  truth  and  exactitude.  This  human  representation 
is  the  best  made  one  which  is  known  of  the  reindeer  period.  It  proves  once  more 
the  value  of  the  artistic  sentiment  of  these  distant  ages. 

These  engravings  and  prehistoric  sculptures  have  frequently  been  compared  to 
those  of  the  primitive  populations  of  North  America  and  Asia,  but  the  more  these 
works  multiply,  the  more  they  affirm  the  incomparable  superiority  of  the  troglo- 
dytes, our  ancestors. 

M.  Emile  Cartailhac  exhibited  the  original  specimen. 


6.  The  End  of  the  Stone  Age  on  the  Borders  of  ike  Mediterranean  Basin, 
By  Dr.  Emilb  Cartailhac. 

The  author  explained  the  analogies  and  identities  proved  to  exist  at  the  two 
extremities  of  the  Mediterranean — in  Egypt,  at  Troy,  in  Greece,  and  at  Santorin  at 
the  one  end,  and  in  Spain  at  the  other  end« 

The  civilisation,  ^ich  corresponds  to  the  end  of  the  Stone  Age,  appears  to  have 
special  characters  and  a  remarkable  uniformity.  It  does  not  only  influence  the 
same  objects,  but  especially  the  manners  and  customs,  as  shown  by  exhumed  monu- 
ments, houses,  small  market  towns,  fortifications,  and  tombs. 

Between  the  East  and  the  Iberian  Peninsula,  transition  is  shown  by  the 
numerous  discoveries  in  Italy,  France,  Algeria,  Tunis,  and  the  Islands.  The  con- 
nections of  this  primitive  civilisation  with  the  Stone  ^e  of  the  rest  of  Europe  are 
remarkable,  and  illustrate  best  the  diversity  of  their  origins. 


7.  On  the  Present  State  of  Prehistoric  Studies  in  Belgium, 
By  Count  Goblet  d'Alviella. 

The  author  reviewed  briefly  the  various  investigations  which  have  been  made 
in  Belgium  regarding  the  early  history  of  man  in  that  country,  beginning  with 
the  exploration  of  the  caves,  which  have  in  recent  years,  as  well  as  in  earlier 
times,  yielded  such  interesting  results  as  to  their  occuoation  as  far  back  as  the 
period  of  the  mammoth  and  the  reindeer,  and  also  in  Neolithic  times.  He  then 
proceeded  to  give  an  account  of  Quaternary  finds  in  the  plains,  consbting  of 
flint  implements  in  all  stages  of  manufacture,  both  of  Paleolithic  and  Neolithic 
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times.    The  manufacture  of  flint  implements  appeared  to  have  been  an  important 
iodustrjy  extending  all  over  Belgium. 

The  sites  of  Neolithic  occupation  are  situated  near  streams,  on  the  tops  of  hills, 
and  promontories  of  high  ground.  Villages  have  been  found  consisting  of 
sjmmetricallj  grouped  huts  excavated  in  the  soil.  They  contain  no  trace  of 
metals,  only  tools  of  polished  flint  and  fragments  of  baked  pottery  made  on  the 
wheel,  and  with  linear  ornamentation. 

Recent  researches  have  shown  the  existence  of  Dolmen  monuments,  which 
was  till  latelv  denied.  The  existence  of  a  real  Bronze  Age  in  Belgium  has  also 
been  disputed,  but  flnds  of  bronze  articles  in  tumuli  associated  with  incineration 
and  bunals  are  becoming  more  numerous. 

The  bc^nning  of  the  Iron  Age  is  undoubtedly  represented  in  Belgium  in 
various  burial-grounds  and  tumuli,  which  have  recently  yielded  new  and  fraitful 
researches. 

8.  Obaervaiions  on  the  ArUiquiiy  of  Man  in  Belgium. 
By  Professor  Max  Lohbst. 


9.  Explaraiion  of  Britieh  Camps  and  a  Long  Barrow  near  Rusfimore, 
By  General  Pitt-Rivebs,  F.R,S. 


10.  On  a  New  Craniometer.    By  General  Pitt-Rivers,  F,R.S. 


11.  On  the  Long  Barrow  Skeletons  from  Bushmore. 
By  J.  G.  Garson,  M.D. 


12.  Report  oftfie  Committee  on  tlie  Glastonbury  Exploration, 
See  Reports,  p.  431. 


13.  On  Ancient  Bone  Skates.     By  Robert  Mukro,  If.D. 

The  author  commenced  by  observing  that  the  contradictory  opinions  enun- 
ciated by  archsBologists  in  regard  to  the  period  when  bone  skates  were  used 
justified  this  attempt  to  define  their  position  in  early  European  civilisation  with 
greater  precision  than  had  hitherto  been  done.  Bone  skates  had  been  found  in 
large  numbers  in  the  Terp-moxaidB  of  Holland,  and  among  the  dSbris  of  the 
ancient  town  of  Birka,  on  the  island  of  Bjorko,  in  Lake  M&lar.  Sporadic  examines 
were  to  be  seen  in  various  museums  throughout  Northern  Europe,  said  to  have 
been  found  in  grave-mounds,  lake-dwellings,  canal-diggings,  &c.  The  late 
Dr.  lindenschmit  promulp[ated  the  opinion  that  these  ejects  belonged  to  the 
Stone  Age,  and  this  opinion  had  been  subsequently  adopted  by  various  aich»- 
ologists.  In  this  paper  Dr.  Munro  has  collected  and  criticised  the  details  of  all 
the  hitherto-recordea  discoveries,  and  comes  to  the  conclusion  that  there  is  no 
trustworthy  evidence  in  support  of  the  theory  that  bone  skates  were  ever  used 
in  prehistoric  times  in  Europe.  According  to  the  author,  they  would  appear  t(> 
have  b^n  invented  by  the  early  Teutonic  races  who  inhabited  the  shores  of  the 
Baltic,  and  to  have  been  introduced  into  Britain  by  the  early  immigrants,  who 
hailed  probaUy  from  among  the  superfluous  inhalntants  of  the  Terpen.  This 
opinion  is  supported  by  their  geographical  distribution,  which  embraced  Holland, 
Denmark,  the  lower  portions  of  Scandinavia,  Noith  Germany,  and  a  small  district 
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in  England  extending  along  its  eastern  shore,  including  York,  Lincoln,  and 
London.^ 


14,  On  the  People  of  Western  Ireland  and  their  Mode  of  Life, 
By  Professor  A.  C.  Haddon. 


TUESDAY,  AUGUST  14. 
The  following  Papers  were  read : — 
1.  On  three  Neolithic  SetUementa  in  North  Kent.    By  Mrs.  Stopes. 

Mrs.  Stopes  treated  the  topo^aphical  relations  of  the  localities  in  which  she 
has  found  tne  traces  of  Neolitmc  settlements  in  the  neighbourhood  of  Swans- 
combe.  They  all  face  east.  Is  there  anj  possible  meaning  in  this  P  The  shapes 
of  the  tools  and  flakes  are  yerj  similar,  though  there  must  luive  been  long  intervals 
at  least  between  two  of  them,  as  one  tribe  used  the  pebbles  of  the  Woolwich  and 
Reading  beds,  the  other  fresh  chalk  flints  of  a  fine  quality.  Mrs.  Stopes  also 
noted  the  information  to  be  gained  regarding  the  chief  settlement  from  the  places 
in  which  the  dtflerent  types  of  worked  flints  are  found.  The  flakes  and  chips 
show  where  the  flint-workers  worked;  the  warlike  weapons  mark  the  line  of 
defence,  &c.  

2.  On  the  Native  Tribes  between  the  Zambezi  and  Uganda^ 
By  Lionel  Decle. 

After  explaining  the  origin  of  the  name  of  Mashona — an  English  corruntion  of 
the  nickname  of  Amashuina  (baboons)  given  by  the  Matabele  to  the  Makalanga — 
Mr.  Decle  gave  a  sketch  of  the  various  tribes  found  between  the  Zambezi  and 
Uganda,  and  criticised  the  classification  of  the  native  races  according  to  their 
language.  He  explained  how,  for  instance,  some  tribes  classified  as  Bantu  differed 
physically  from  others  included  under  the  same  name.  An  account  was  given  of 
the  customs  prevailing  amongst  the  people  between  the  Zambezi  and  Uganda. 
Mr.  Dede  showed  a  living  specimen  from  the  country  he  had  visited — a  young 
boy,  whom  he  had  brought  back  with  him— and  gave  ms  history.  The  boy,  who 
came  from  the  west  shore  of  Tanganyika,  had  been  sold  by  his  own  brother  to  a 
coast  man  for  two  yards  of  calico.  On  the  way  to  the  coast  he  got  sore-footed, 
and  was  sold  to  a  Wahha  chief  for  three  goats.  When  Mr.  Dede  was  in  the 
Wahha  country  he  was  attacked  every  night,  and  at  last,  in  order  to  put  a  stop  to 
it,  he  one  day  caught  a  chief  and  threatened  to  hang  him  if  his  goods  were  not 
returned.  After  much  talking  Mr.  Decle  agreed  to  take  as  a  ransom  the  child  and 
ten  goats.  The  boy,  although  he  refused  to  return  to  the  Wahha  or  to  his  own 
people,  was  for  a  long  time  afraid  that  Mr.  Decle  would  eat  him  up. 


3.  On  the  Lex  Barbarorum  of  the  Daghestan. 
By  Professor  Maximb  Eovalevbky. 

The  author  insisted  on  the  necessity  of  more  trustworthy  information  as  to  old 
oustoms  and  usages  being  obtained  by  travellers,  and  expressed  a  hope  that  English 
ethnographers  in  India  would  search  for  old  collections  of  sentences  pronounc^  by 
judges  As  an  instance,  he  mentioned  the  existence  of  such  a  treatise  in  the 
Daghestan.    It  is  preserved  in  Derbent,  on  the  shores  of  the  Caspian,  and  is  known 

'  This  paper  will  appear  in  esetento  in  the  Proeeedingt  of  the  Society  of  Antiquaries 
4>/ Scotland,  1893^4. 


1694 


Digitized  by 


Gc«3§le 


786  REPORT— 1894. 

Yjj  the  name  of  the  Boustem  Code.  Oleariusy  a  well-known  trayeller  at  the 
'beginninfif  of  the  seventeenth  century^  mentions  his  visit  to  Roustem,  who  was  a  kind 
of  elected  judge  or  arbitrator^  called  an  *  outzmi.'  His  subjects  were  IVirtars  of  the 
Kaitag,  who  had  no  writing  of  their  own.  The  treatise  is  written  in  Arabic.  It 
contains  many  very  old  customs  and  usages,  and  admits  the  vengeance  of  blood, 
which  extends  from  the  first  to  the  last  relatlTes  inward  to  all  the  members  of  the 
tribe,  called  'Touchoum/  Compositions  are  paid  in  rough  linen  called  mah- 
zaldick.  Whoever  wished  to  escape  the  obligations  of  mutual  responsibility  was 
obli^  to  declare  solemnly  that  all  ties  were  broken  between  him  and  the  members 
of  his  tribe,  and  a  nail  was  placed  in  the  wall  of  the  mosque  in  commemoration  of 
it.  The  treatise  of  Roustem  inflicts  a  hisrh  amercement  on  those  who  use  it  with- 
out the  permission  of  the  '  outzmi/  '  Who  keeps  his  mouth  will  not  lose  his 
head/  is  the  common  saying  placed  at  the  top  of  each  sentence.  It  shows  that  the 
mediators  in  Daghestan,  just  like  the  Brehona  of  Ireland,  kept  their  knowledge  for 
thenoselves  and  their  pupils. 

i.  On  the  Noitives  of  the  HadrwmouU    By  J.  Theodore  Bent. 

After  referring  to  the  ancient  inhabitants  and  th^  archaeology  of  this  district, 
the  country  from  which  the  ancient  world  obtained  its  frankincense  and  myrrh, 
Mr.  Bent  went  on  to  describe  the  present  inhabitants  of  the  country  and  the 
extreme  difficulties  in  the  way  of  pursuing  anthropological  research  in  it.  He 
divided  the  inhabitants  as  follows,  into  four  divisions,  and  gave  an  account  of  each. 

Firstly,  the  Bedouins,  an  obviously  aboriginal  race,  with  a  religion  of  their 
own  and  mysticism  at  variance  with  the  orthodox  religion  of  the  land.  He  con- 
sidered them  to  be  more  like  the  Gallas  in  physique ;  and  when  proper  measure- 
ments can  be  taken,  in  all  probability  an  affinity  will  be  established  between  these 
two  races  on  either  side  of^the  Indian  Ocean. 

Secondly,  the  Arabs  proper,  who  came  from  Yemen  and  conquered  the  country 
three  centuries  ago.  He  gave  a  description  of  their  women  and  their  customs  and 
fanaticism,  of  the  men  who  go  to  India  in  search  of  a  livelihood,  and  of  the  Sultana 
of  the  Al  Kaiti  family. 

Thirdly,  the  Sayyids,  a  sort  of  hierarchical  nobility  who  fan  the  fanatical 
tendencies  of  the  race  and  rule  everything,  both  in  religion  and  law ;  and  to  them 
is  due  the  fact  that  the  Hadramout  has  continued  so  long  to  be  shut  off  from 
exploration  and  the  rest  of  the  world. 

Fourthlv,  the  slave  element,  which  in  this  country  is  conmderable.  Mr.  Bent 
described  them  as  living  a  very  happy  life  and  sulgect  to  very  few  social  dis- 
abilities. 

5.  On  ifie  SheUa  vsed  in  the  Domestic  Economy  of  the  Indonesians^ 
By  Dr.  J.  D.  C.  Sohmbltz,  of  Leiden. 

The  author  submitted  a  systematic  list  of  no  fewer  than  154  shells  used  by  the 
aborigines  of  Indonesia  and  Oiceana  in  their  domestic  economy,  and  a  table  showing 
the  geographical  distribution  of  their  use  for  different  purposes.  The  author  cave 
an  account  of  the  different  modes  of  using  shells.  Some  are  much  preferred  to 
others,  for  a  great  varie^  of  purnoses.  Shells  are  also  used  in  connection  with 
religious  ceremonies.  HCe  concluaed  with  some  observations  on  the  manner  of 
making  implements,  ornaments,  &c.,  from  shells. 


6.  On  the  Pamtheon  of  the  Fijians.    By  Basil  H.  Thomsoh. 

The  author  described  the  Fijian  Olympus,  the  mountain  of  Nakauvadra.  The 
tuteliur  deities  of  Fijians  are  the  spirits  of  their  dead  ancestors,  llie  growth  of 
this  idea  may  be  traced  in  the  development  of  the  complete  tribe  from  a  single 
family,  and  the  process  may  be  tested  by  an  examination  of  the  bond  of  tauvu. 
Tribes  that  are  tauvu  {i.e,,  sprung  from  the  same  root)  worship  the  same  god& 
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The  author  described  the  legends  of  the  airiTal  of  the  Fijians  from  the  west- 
ward and  the  peopling  of  Nakauvadra ;  the  stozy  of  Turukawa  and  the  scattering 
of  the  tribes.    Theee  fragments  of  mythology  are  of  historical  value. 

The  recent  discovery  of  the  '  pata  of  the  spirits/  the  legends  that  cling  to  it, 
showing  the  influence  of  physical  geography  on  the  mythology  of  the  Fijian  bogies 
and  apparitions,  were  briefly  described. 

The  author  described  the  Nanga  cults,  the  earliest  example  of  missionaiy 
enterprise  in  the  Pacific ;  the  arcana  of  the  Nanga  and  their  meaning. 

In  concludon  he  referred  to  the  recent  recrudescence  of  heathen  practices  and 
its  political  danger. 

7.  The  Distribution  of  the  Picts  in  Britain,  as  indicated  by  Place-Names, 

By  J.  Gray,  B.Sc. 

The  Picti  of  North  Britain,  and  the  Pictones  or  Pictavi  of  South  Gaul,  are 
both  mentioned  by  Roman  writers.  The  evidence  of  place-names  shows  that 
probably  the  whole  intervening  country  was  at  an  earlier  date  occupied  by  the 
same  race.  Two  roots  are  employed  to  determine  the  relative  densities  of  the 
Ficts  in  Britain — viz.  Pict  and  its  variants,  and  AL  The  language  of  the  Picts 
was  Basque.  The  name  Pict  is  derived  from  a  Basque  word,  ptkatu,  to  cut. 
Aquitania  is  probably  a  Qoidelized  form  of  Paquitania,  or  PaMtani,  and  meant  in 
the  Pictish  language,  the  countrv  of  the  Picts.  Pakat  is  deduced  as  the  earliest 
form  of  the  name  Pict.  The  di^erent  phonetic  changes  which  pahat  can  undergo 
are  indicated,  and  some  of  these  are  v^ified  by  historical  evidence.  Place-names 
in  the  British  Isles  involving  all  forms  of  the  root  Pakat  have  been  dassifled 
under  counties  and  their  densities  calculated.  Goidelic  forms  where  the  initial  p 
is  dropped  have  been  calculated  as  percentages  of  the  total.  Some  of  the  con- 
clusions arrived  at  are — that  the  density  of  the  Picts  was  greatest  in  the  south 
and  midlands  of  England  and  in  the  east  of  Scotland,  and  least  on  the  east  coast 
of  England,  and  in  Wales.  In  Ireland  the  density  was  only  about  one-third  that 
m  England.  The  Goidels,  who  followed  the  Picts,  spread  along  the  valleys  of  the 
Thames  and  Severn  to  the  Mersey,  where  a  part  probably  crossed  to  Meath  and 
spread  in  two  streams  to  the  west  coast  of  Ireland;  the  other  part  moved 
northward  through  Lancashire,  Yorkshire,  Northumberland,  and  advanced  into 
Scotland  almost  to  the  Forth.  A  second  incurrion  entered  Scotland  by  Argyll 
and  spread  along  the  west  counties  to  the  extreme  nor^.  The  pre-Pictish  in- 
habitants were  probably  Iberians,  and  prevailed  mostly  in  Ireland,  South  Wales, 
Cumberland,  and  South  Scotland.  The  oldest  name  of  Britain,  Albion,  is  de- 
rived from  Al,  the  name  of  an  Eastern  god  worshipped  by  ihid  Picts,  and  Bath^ 
a  decayed  form  of  the  name  Pict. 


8,  On  tlie  Ceremonies  observed  by  the  Kandyans  in  Paddy  Cultivation, 
By  B.  P.  Kehlpannala. 


WEDNESBA r,  A  UOUST  15. 
The  following  Papers  and  Report  were  read : — 

1.  On  the  Brain  of  a  Young  Fuegian, 
By  Professor  L.  Manouvrier. 

Professor  Manouvrier  described  the  brain  of  a  Fuegian  child,  and  compared 
several  of  ita  characters  with  thoee  of  the  ordinary  European  brain.  He  pointed 
out  that  it  is  interesting  anatomically,  physiologically,  and  psychologically  to  find 
that  the  external  morpnology  of  the  Fuegian  brain  is  nearly  ej^ual  in  its  develop- 
ment to  that  of  the  European,  though  some  traces  of  inferiority  exist  in  the 
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iormer— as,  for  example,  in  the  tlurd  frontal  convolution,  or  tlie  convolutioii  of 
Broca.  The  author  insisted  on  the  physiological  signification  of  the  morphological 
development  of  the  brain.  He  believes  that  the  approximate  equality  of  the 
Fuepan  brain  to  the  average  European  brain  does  not  raise  doubts  as  to  the 
phveiological  value  of  cerebral  morphology,  but  rather  on  the  accuracy  of  the 
opmion  usually  held  as  to  the  intellectual  inferiority  of  savage  people.  This 
inferiority,  as  that  of  the  ancient  Qauls  in  comparison  to  the  Romans,  may  result 
much  more  from  obvious  defects  in  the  external  conditions  which  produce  civilisa- 
tion than  from  true  physiological  inferiority  conjoined  with  anatomical  inferiority. 
What  makes  the  pnysiological  value  of  the  morphological  development  of  the 
brain  an  unknown  quantity  is  that  other  anatomical,  physiological,  or  external 
conditions  form  with  it  very  variable  combinations  in  which  the  influence  of  each 
factor  may  be  masked  or  counterbalanced  by  that  of  others. 


2.  On  the  Valuation  of  Proportional  Dimensions  in  Hie  Description  €>f  Uie 
Brain,     By  Professor  L.  Manouvbier. 


3.  On  the  Clasaificatory  System  of  HelcUionship.    By  Rev.  Lorimer  Fison. 

In  this  paper  the  author  showed  the  arrangement  of  the  classificatory  system 
of  relationship,  and  the  key  to  it,  by  an  examination  of  the  descendants  of  two 
brothers  and  tneir  two  sisters  to  tlie  third  generation. 

The  Fijian  terms  of  relationship  were  taken  as  an  example  of  the  system. 
These  divide  the  sexes  in  any  one  generation  into  groups  of  non-marriageable 
persons  and  other  groups  of  marriageable  persons. 

The  same  relatives  and  their  descendants  were  traced  in  an  Australian  tribe« 
and  it  was  shown  that  precisely  the  same  groups  appear  as  the  result  of  the 
division  of  a  community  into  two  exogamous  intermarrying  divisions,  such  as  are 
found  in  Australia. 

The  inference  deduced  by  the  author  was  that  wherever  the  classiflcatory 
terms  appear  those  divisions  of  the  community  exist,  or  have  existed  in  the  past. 


4.  On  some  of  the  Naiives  of  British  New  Guinea, 
By  H.  Bellysb  Baildon,  M,A.,  F.RS.E, 

The  materials  for  this  paper  were  obtained  during  a  visit  to  British  New  Guinea 
in  1891,  the  incidents  of  wnich  had  been  detailed  b^  the  author*8  sister  in  the 
Geographical  Section.  The  author  acknowledged  his  indebtedness  to  Mr.  and 
Mrs.  Chalmers  for  corrections  and  additional  information. 

The  observations  extended  over  the  group  of  villages  at  Port  Moresby,  those 
in  the  Elema  district  about  Motu-motu ;  the  dangerous  inhabitants  of  Movi-avi ; 
and,  again,  further  east,  the  people  of  Kerepuna  and  Hula. 

The  natives  of  Port  Moresby  consUt  of  two  very  distinct  tribes — the  Motuans 
and  the  Koitapuans — located  in  three  villages,  the  principal  of  which,  Hanuabada 
(the  Big  Village),  is  built  on  the  foreshore  of  the  bay.  Of  the  other  two,  one  is 
on  the  mainland  and  the  other  on  the  beautiful  island  of  Elevala.  The  juxta- 
position of  these  two  tribes  is  an  instance  of  that  curious  intertribal  commensaliam 
or  economic  co-operation  often  found  in  New  Guinea. 

The  Motuans  (who  must  not  be  confused  with  the  inhabitants  of  Moiu-mofu, 
a  very  different  people)  live  chiefly  by  fishing  and  the  manufacture  of  pottery, 
while  die  Koitapuans  live  mainly  by  hunting.  Much  traffic  goes  on  between 
these  two  tribes,  who  supplement  each  other's  requirements,  so  that  commerce 
here,  as  in  civilised  communities,  makes  chiefly  for  peace.  The  Motu  pottery  is 
also  made  for  purposes  of  trading  with  the  Motu-motuans  and  other  western  tribes, 
with  whom  the  Motuans  exchange  it  for  sago. 

The  people  of  the  Elema  country  and  the  fertile  land  of  sago  about  Motu-motu 
differ  in  many  respects  from  the  Motuans.  They  seem  to  be  a  wilder,  more  high- 
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spirited  and  uorulj  tribe  than  the  more  iudastrial  Motuans,  who  have  been  called 
the  'British'  of  New  Guinea,  while  the  others  have  been  likened  to  the  Irish. 
Nor  is  the  comparison  in  the  latter  case  without  fitness  also ;  for  not  only  in  their 
excitability  and  impatience  of  control,  but  also  in  their  light-hearted  gaiety  and 
^t,  the  resemblances  are  not  far  to  seek. 

The  social  arrangements  here  are  different  from  those  at  Port  Moresby,  where 
the  people  live  enfamUle  in  their  cottages;  for  in  Motu-motu  the  men  congregate 
in  large  club-houses  or  dubiUy  while  the  women  and  children  live  in  smaller 
houses.  Even  married  men  live  in  these  clubs,  and,  although  they  may  visit  their 
families,  they  must  always  return  to  the  duhu  before  daybreak,  otherwise  they 
commit  a  serious  breach  of  Papuan  etiquette.  These  ckUms  are  curious  structures 
built  on  platforms  14  to  16  feet  from  the  ground,  and  shaped  like  the  open  mouth 
of  a  shark.  Under  the  great  projecting  upper  jaw  or  gable  the  men  lounge  and  smoke 
in  the  daytime,  and  have  their  food  brought  to  them  here  by  the  women,  who  are 
strictly  forbidden  to  enter  the  interior,  which  is  helaga,  sacred,  or  tapu  to  the  men. 
In  each  village  there  are  several  dubus,  occupied  by  different  clans  or  families.  At 
a  certain  aee  the  boys  of  the  clan  are  taken  into  the  dubu  to  undergo  initiation, 
have  their  neads  shaved,  and  remain  in  seclusion  till  their  hair  is  fully  grown. 

The  remainder  of  the  paper  dealt  in  a  similar  way  with  inhabitants  of  Movi-avi 
and  Kerepuna.  

5.  On  the  Tobaa  of  Gran  Chaco^  South  America,    By  J.  Graham  Kbrr. 

The  author  gave  a  short  account  of  the  manners  and  customs  of  the  Natokoi  or 
Tobas  of  the  Gran  Chaco.  This  region  is  inhabited  by  very  numerous  nations  of 
American  Indians,  differing  markedly  in  language,  customs,  and  in  minor  physical 
characters.  The  Tobas  are  exclusively  nomadic  in  their  habits,  living  entirely  on 
the  products  of  the  chase.  They  usually  go  about  in  small  hunting  parties,  larger 
tribal  encampments  being  only  formed  occasionally,  e.g.,  at  particular  seasons.  In 
regard  to  their  mental  characters,  it  was  i>ointed  out  that  they  appeared  to  believe 
only  in  the  existence  of  numerous  minor  evil  spirits,  who  were  the  causes  of  disease^ 
accidents,  defeats  in  battle,  and  other  misfortunes;  and  that  their  arithmetical 
powers  were  very  limited,  the  limit  of  counting  being  usually  about  five. 

6.  On  the  Maya  Indio/ns  of  ChicMn  Itzd,  Yucatan, 
By  Alfred  P,  Maudslay. 

In  this  paper  the  author  gave  an  account  of  some  excavations  of  a  burial-mound 
in  the  Vera  Paz  of  Guatemala,  and  the  discovery  of  litUe  jars  containing  the  bones 
of  the  little  fingers  probably  deposited  by  mourners. 

The  earliest  notices  of  the  great  Maya  ruins  at  Chich^n  Itz4,  in  Yucatan,  were 
discussed,  and  extracts  given  from  a  document  lately  found  by  Dr.  Marimon  in 
SeviUe,  describing  the  ceremonies  still  performed  by  the  Mayas  at  the  great 
Genote  at  Chich^n  at  the  time  of  the  Spanish  conquest,  although  the  town  was 
already  abandoned  and  the  buildings  in  ruins. 

A  description  was  given  of  the  great  tennis-court,  and  a  model  of  it  exhibited. 
The  paper  concluded  by  calling  attention  to  some  photographs  of  a  hitherto 
unknown  Maya  monument  at  Ixkum,  in  which  the  supporters  of  the  Maya  figures 
are  captives  bound  with  cords,  who  are  altogether  unliKe  the  Mayas  in  appearance, 
and  probably  belong  to  another  race. 

7.  On  the  Loochooan  Language.   By  Professor  Basil  Hall  Chamberlain. 

Hitherto  only  two  languages  have  been  generally  recognised  as  spoken  in  the 
Japanese  Empire — viz.  Japanese  proper,  and  Aino  or  Ainu,  the  laxiguage  of  the 
hairy  aborigines  of  the  north.  Professor  Chamberlain's  paper  contains  a  prelimi- 
nary sketch  of  his  analysis  of  a  third  language — Loochooan — known  hitherto,  or 
one  might  better  say  suspected,  only  from  a  short  and  exceedingly  imperfect 
vocabulary  by  the  late  Lieutenant  Clifford,  E.N.,  appended  to  Captain  Basil  Hall's 
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'Voyage  of  Discovery  to  the  Great  Loochoo  Island/  published  in  the  year  1818. 
Mr.  Chamberlain  has  now  ascertained  that  Loochooan  stands  to  Japanese  in  about 
the  same  relation  that  Spanish  does  to  French.  The  importance  of  this  discovery  will 
be  best  appreciated  when  it  is  remembered  that  the  Japanese  langxiage  had  hitherto 
stood  in  a  position  of  complete  isolation,  without  kindred  of  any  sort  With  this 
new  key  it  will  be  possible  to  solve  many  difficult  questions  of  J  apanese  philology, 
and  in  the  paper  the  author  discusses  the  formation  of  the  negative  conjugation 
of  Japanese  verbs  from  this  new  point  of  view.  Mr.  ChamberlsAn  also  establishes 
the  fact  that  Japanese,  as  we  now  have  it,  is  the  language  of  the  invaders  of  the 
Archipelago,  not  that  of  the  previous  inhabitants,  by  whom  the  invaders  might  be 
supposed  to  have  been  absorbed.      

8.  Report  of  the  ConimUtee  on  the  North-western  Tribes  of  Canada. 
See  Reports,  p.  453. 


9.  On  the  Significance  of  Objects  vnth  Holes. 
By  Miss  A.  W.  Bucklakd. 

This  paper  treats  of  what  appears  to  be  a  world-wide  superstition,  belonging  to 
all  races  and  to  all  time,  in  which  holes  are  credited  with  healing  and  protective 
powers. 

The  superstition  exists  among  ns  at  present  in  the  shape  of  lucky  money  and 
lucky  stones,  but  can  be  traced  back  to  Neolithic  times,  in  the  great  holed  stones 
and  dolmens  which  are  found  in  Great  Britain  and  Ireland  as  well  as  in  many 
countries  of  Europe,  in  North  Africa,  India,  Syria,  Circassia,  and  also  in  America. 
The  chief  of  British  holed  stones,  the  Men-an-tol,  is  still  known  locally  as  the  Crick- 
stone,  and  through  it  people  creep  for  the  cure  of  rheumatism. 

In  Siberia  wooden  figures  bored  with  holes  are  carried  about  as  a  cure  for 
various  diseases,  according  to  the  part  in  which  the  hole  is  bored ;  and  figures  of 
great  age  have  been  fouud  in  Peru  and  among  the  Eskimo,  which  seem  from  the 
holes  in  them  to  have  been  intended  for  the  same  purpose.  Engraved  fhells  also 
similarly  bored  have  been  found  in  ancient  Chaldea  ana  in  the  American  mounds. 

The  same  superstition  appears  to  be  traceable  in  the  trephined  skulls  of  Neolithic 
times  found  in  many  countnes,  and  from  which  amulets  have  been  cut,  probably 
for  the  cure  of  epilepsy,  the  disease  for  which  the  operation  was  undoubtedly 
imdertaken,  since  it  was  thus  employed  up  to  quite  recent  times ;  and  the  bones  of 
the  human  skull  were  always  recommended,  either  grated  as  a  potion,  or  worn  as 
an  amulet,  for  the  cure  of  epileptic  disease. 

Miss  Buckland  believes  the  healing  property  thus  attached  to  holes  to  be  of 
necromantic  origin.  She  regards  the  hole  as  tne  symbol  of  the  underworld,  the  abode 
of  the  Creator  in  some  cosmogonies,  and  always  of  the  spirits  of  dead  ancestors. 
Hence  they  are  summoned  by  the  medicine-men  to  assist  them  in  their  healing 
ceremonies  and  magic  incantations ;  and  thus  the  hole,  through  which  they  are 
drawn  by  sorcery,  l^came  to  the  savage  the  source  of  healing,  and  in  this  form, 
modified  by  time,  it  has  descended  to  us. 

The  underworld  also  was  the  reputed  source  of  wealth ;  hence  the  symbolical  hole 
in  money  caused  it  to  be  regarded  as  lucky  money,  and  this  probably  explains  the 
use  of  ring  money  among  the  ancients.  These  symbolical  holes  are  also  found  in 
ceremonial  weapons  in  West  Africa  and  in  the  South  Sea  Islands,  as  they  were  also 
probably  in  Ancient  Egypt  and  other  countries ;  the  idea  suggested  beinff  that  the 
bearer  of  the  weapon  assumed  the  power  of  sending  offenders  to  Hades.  Holes  exist 
also  in  ma^c  wands  and  in  staves,  especially  in  the  South  Sea  Islands,  where  the 
holes  certainly  represent  deceased  ancestors. 

The  magic  wands  and  the  South  Sea  staves  or  idols  resemble  so  strongly  the 
holed  implements  of  reindeer  horn  found  in  caves  of  Palaeolithic  times,  that 
Miss  Buckland  believes  these  staves  also  to  have  been  used  by  the  mediciue-men  of 
that  remote  period  as  symbols  of  the  world  of  spirits  over  which  they  assumed 
control,  and  that  thus  we  can  trace  the  superstitions  connected  with  holes  to  the 
earliest  of  the  human  race. 
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Section  L— PHYSIOLOGY. 

President  of  the  Section— Professor  £.  A«  SchAfeb,  F.R.S. 


THURSDAY,  AUGU&T  9. 

[The  President's  Address  wss  delivered  on  Friday,  August  10. — See  p.  796.] 

The  following  Papers  were  read : — 

1.  The  Response  of  Animals  to  Changes  of  Temperaiwre. 
By  M.  S.  Pbhbbbt,  M.A.,  M.R. 

The  simplest  method  of  investigating  the  response  of  animals  to  changes  of 
temperature  is  to  determine  the  amounts  of  carbonic  acid  which  they  discharge. 
The  carbonic  acid  is  a  measure,  it  may  be  not  an  exact  one,  of  the  heat  produced. 
From  this  point  of  view  a  series  of  experiments  have  been  made  upon  the  power 
which  warm-blooded  animals  possess  of  varying  their  production  and  loss  oi  heat 
in  such  a  way  that  their  mean  temperature  is  constant. 

A  mouse  is  a  very  suitable  animal  for  such  experiments,  because  on  account  of 
its  large  cutaneous  surface  compared  with  its  small  bulk  the  reaction  to  a  change 
of  temperature  is  very  rapid.  Within  two  minutes  of  a  fall  in  external  temperature 
from  S(f  to  18°  the  mouse  increases  its  output  of  carbonic  acid  by  74  per  cent. ; 
within  one  minute  of  ^  change  from  33*^*26  to  17°'6  the  increase  is  60  per  cent* 
The  response  to  a  rise  in  temperature  is  not  so  rapid :  within  two  minutes  of  a  rise 
from  18  to  34^'5  the  decrease  in  carbonic  acid  is  18  per  cent. ;  within  one  minute 
of  a  change  from  17°  to  82^  the  decrease  is  6  per  cent.  With  cold  surroundinffs  Uxe 
mouse  is  very  active,  whereas  with  a  warm  temperature  it  becomes  quiet  and  goes 
to  sleep.  The  relationship  between  muscular  activity  and  the  production  of  heat 
Is  well  shown.^ 

Experiments  were  next  made  upon  the  developing  chick.  It  is  a  warm-blooded 
animal,  but  during  its  development  it  was  probable  that  it  passed  through  a  stage 
in  which  it  would  have  responded  to  changes  of  temperature  in  a  similar  way 
to  that  seen  in  cold-blooded  animals ;  that  in  cold  surroundings  it  would  have  pro- 
duced less  carbonic  acid,  but  that  with  a  rise  in  temperature  it  would  haye  increased 
its  out[)ut  of  carbonic  acid.  The  experiments  show  that  during  the  greater  part  of 
the  period  of  incubation  the  developing  chick  responds  to  changes  of  temperature  in 
a  dmilar  manner  to  that  of  a  cold-blooded  animal ;  that  towards  the  end  of  incuba- 
tion, about  the  20th  or  2l6t  day,  there  is  an  apparently  neutral  stage  in  which  no 
marked  response  is  seen ;  that  this  neutral  conoition  is  succeeded,  when  the  chick 
is  hatched,  by  a  warm-blooded  stage.  The  intermediate  stage  may  be  liie  resultant 
of  two  opposite  tendencies — on  the  one  hand  the  cold-blooded  condition,  on  the 
other  the  imperfectly  developed  power  of  regulating  the  production  of  heat.  When 

^  *0n  the  Beaction-tlme  of  Mammals  to  Changes  in  the  Temperature  of  their 
Surroundings/  Journal  of  Physiology,  xv.  1893,  p.  401. 
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the  developing  chick  is  exposed  to  shock  by  the  prolonged  action  of  cold,  this 
neutral  condition  may  he  replaced  by  a  return  to  the  cold-blooded  stage. 

The  reaction  of  the  recently-batched  chick  is  rapid;  a  &11  of  2(r  in  tempera* 
ture  will  within  fifteen  minutes  raise  the  carbonic  acid  to  double  its  previous 
amount. 

It  would  appear  that  this  power  of  regulation  depends  upon  the  integrity  and 
full  development  of  the  nervous  control  of  muscular  action.  The  chick  directlT-  it 
is  batched  possesses  great  control  over  its  muscles ;  it  is  able  to  run  about,  /eod 
itself,  and  perform  otber  complicated  movements.  At  tbe  same  time  it  is  able  to 
regulate  its  production  of  heat. 

It  was  probable  that  animals  born  blind  and  in  a  very  helpless  condition  would 
not  possess  this  power  of  regulation ;  that  in  their  case  a  fall  in  external  tempera- 
ture would  be  accompanied  by  a  decrease  in  carbonic  acid,  and  that  with  a  rue  of 
temperature  the  output  of  carbonic  acid  would  be  increased.  This  has  been  proved 
to  be  true  in  the  case  of  the  pigeon.  A  young  pigeon  was  examined,  when  it  was 
one  day  old,  and  it  was  found  that  a  fall  of  I^  in  external  temperature  caused  the 
carbonic  acid  to  diminish  to  one-third  its  former  value  within  thirty  minutes  of  the 
change  in  temperature.  When  two  days  old  a  similar  change  of  temperature  pro- 
duced almost  as  great  a  fall  in  the  output  of  carbonic  acid;  raising  the  temperature 
to  its  former  level  did  not  cause  the  carbonic  acid  to  increase  with  the  same  rapidity 
with  which  it  had  fallen. 

Thus  a  young  pigeon  resembles  to  a  certain  extent  a  cold-blooded  animal. 
There  is,  however,  one  great  diiference.  The  young  pigeon  responds  very  rapidly,, 
the  frog  responds  extremely  slowly. 

To  study  still  further  the  influence  of  the  nervo-muscular  system  upon  the 
regulation  of  temperature  by  the  production  of  heat,  experiments 'have  been  made 
upon  mice  after  section  o/^the  spinal  cord  and  during  anesthesia.  Both  these 
procedures  tend  to  make  the  mouse  respond  in  a  somewhat  similar  way  to  that 
observed  in  tbe  cold-blooded  animal. 

The  writer  has  to  thank  Messrs.  Gordon  and  Warren  for  much  assistance  in 
some  of  the  experiments. 


2.  On  some  Experiments  to  determine  the  Tim^-relationa  of  the  Voluntary 
Tetanus  in  Man.^    By  David  Fraser  Harris,  B,Sc.  Lond.^  M.B, 

1.  In  a  large  number  of  experiments  the  following  apparatus  was  used : — 

A  metallic  case,  made  air-ti^ht  at  each  end,  was  fitted  over  the  forearm  from 
below  the  elbow  to  near  the  wrist.  This  instrument,  practically  an  air-plethysmo- 
graph  (for  it  could  register  the  pulse-beats),  had  a  circular  aperture  cut  in  the  upper 
surface,  and  over  this  space  was  fastened  a  membrane  of  gold-beater's  skin,  to  which 
was  fastened  a  disc  of  platinum.  There  was  no  tension  exerted  on  the  membrane, 
which  the  slightest  increase  of  pressure  caused  to  move,  but  which,  on  the  cessa- 
tion of  the  agitation,  came  immediately  to  rest. 

Touching  the  platinum  disc  was  a  fine  metallic  point — ^the  end  of  a  screw  sup- 
ported by  an  upright  soldered  to  the  metallic  case.  A  wire  was  led  to  a  battery, 
thence  the  current  traversed  an  electro-magnetic  writer  (or  '  signal '),  and  the  dr^ 
cuit  was  completed  to  the  screw-point.  The  vibrations  of  the  muscles  of  the  fore- 
arm thrown  into  voluntary  tetanus  {vid  the  air  under  the  membrane)  agitated  the 
membrane,  and  so  made  and  broke  the  current,  these  interruptions  in  turn  svnchro- 
nously  affecting  the  writing  style  of  the  electro-magnet,  which  traced  on  a 
revolving  drum  a  myogram  of '  incomplete '  tetanus.  The  rhythm  of  this  as  com- 
puted from  nine  different  parts  of  a  tracing  varied  thus :  10, 12, 23-8, 10, 10, 20, 20, 
20,  2Q'Q  vibrations  per  second,  or  on  an  average  10*8.  The  average  of  a  "very 
large  number  of  computations  was  18-8. 

2.  The  method  employed  by  Schafer'  gave  exactly  similar  results — viz.  an 
average  of  10,  8  to  13  being  the  minimum  and  maximum  rates  respectively. 

»  The  paper  is  published  in  the  Journal  of  Physwlogy,  October  1894. 
*  Journal  of  Physiology,  vol.  vii. 
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3.  This  method  was  modified  as  follows : — 

A  steel  spring,  strongly  clamped  at  one  end,  was  arranged  so  that  its  free  end 
could  be  bent  back  to  touch  a  hinged  upright  connected  with  a  tambour ;  the  record- 
ing tambour  was  in  connection  as  in  method  2.  By  pulling  on  the  spring  by  the 
index-finger  (the  corresponding  thumb  being  at  the  fixed  point  of  resistance)  the 
vibratory  movements  of  tetamc  muscles  are  communicated  through  the  spring  ta 
the  air,  and  so  to  the  recording  tambour.  The  graphic  represei^tation  of  this  is  very 
eimilar  to  that  in  2. 

The  figures  in  a  typical  set  of  tracings  were  0,  6-6, 10,11-3, 14,  17, 13, 117, 
18.    The  average  of  a  large  number  of  experiments  was  12'6  vibrations  per  second. 

4.  In  this,  the  apparatus  was  as  in  3,  except  that  the  myogram  was  taken  on  & 
rotating  cylinder,  which  also  oscillated  transversely  seventeen  times  per  second. 
The  tracing  was  in  places  identical  with  that  obtained  when  one  combines  two 
wave-systems  whose  periods  are  as  1 :  2 ;  in  other  places  there  was  a  perfectly 
ample  wave-form. 

It  is  contrary  to  all  we  know  to  suppose  that  the  tetanus  had  twice  the  rate  of 
the  cvlinder — viz.  34 ;  the  contrary  must  be  true. 

If,  then,  the  tetanus  had  at  times  a  rhythm  of  8*5  per  second,  and  at  times  rose 
to  17,  the  mean  is  12*75. 

5.  By  a  method  employing  a  carbon  resistance  pile  (upon  which  the  muscle  was 
pressed)  in  the  primary  circuit  of  the  inductorium,  a  capillary  electrometer  in  the 
secondary,  and  viewing  the  electrometer  through  a  stroboscopic  card,  a  rate  of  12 
per  second  was  estimated. 

6.  By  experiments  with  the  microphone,  on  which  the  muscle  was  laid,  the  rest 
of  the  connections  being  as  in  6,  the  rate  was  fixed  at  12-15. 

7.  By  the  microphone  laid  over  the  contracting  biceps,  and  a  frog*s  gastro- 
cnemius  stimulated  by  secondary  shocks  (the  microphone  being  in  the  primary 
circuit  of  inductorium),  a  rate  of  8-15  was  estimated,  or  an  average  of  11*5  vibrac 
tions  per  second. 

The  average  of  these  and  very  many  other  experiments  is  12*5  per  second. 


3.  On  Mirror  Writing.    By  Professor  F.  J.  Allen. 


4.  On  a  Model  of  the  Cochlea.    By  John  G.  M'Kkndrick,  M.D,,  F.RS.y 
Professor  of  Physiology  in  the  University  of  Glasgow, 

Professor  M'Kendrick  exhibited  a  working  moded  intended  to  illustrate  the 
mechanism  of  the  cochlea,  devised  by  himself,  with  the  aid  of  valuable  suggestions 
by  Professor  Crum  Brown.  It  consisted  of  a  water-tight  glass  tank  divided  into 
two  compartments  by  a  horizont&L  glass  diaphragm.  At  the  end  of  each  compart- 
ment a  round  hole  was  cut  aud  covered  with  an  india-rubber  membrane.  The  upper 
hole  represented  the  fenestra  ovalis,  and  the  lower  the  fenestra  rotunda.  The 
horizontal  glass  plate  had  two  holes  cut,  each  of  which  was  supplied  with  an  india- 
rubber  membrane,  and  on  each  membrane  there  was  a  steel  watch-spring  tuned 
to  vibrate  at  a  certain  rate.  The  vibrations  of  the  two  springs  were  as  2  :  1.  An 
arrangement  was  used  for  imitating  the  movements  of  tlie  stapes,  consisting  of  a 
rod  caused  to  oscillate  horizont^y  by  an  eccentric  wheel.  In  this  way  pendular 
vibrations  were  transmitted  by  the  fenestra  ovaliSf  and  it  was  shown  that  when 
the  number  of  pushes  made  b^  the  base  of  the  stapes  corresponded  to  the  period  of 
spring  A,  spring  A  began  to  vibrate ;  if  the  number  of  pushes  was  increased  a  ceased 
to  move;  and  when  the  pushes  reached  the  period  of  B,  the  latter  began  to  move. 
Finally,  by  an  appropriate  harmonic  motion,  the  wave  form  of  two  vibrations  of 
2  :  1  was  transmitted  to  the  fenestra  ovaliSf  and  both  springs  vibrated  when  the 
period  of  A  was  reached,  thus  showing  that  the  apparatus  analysed  the  compound 
wave-form.    The  model  generally  supported  the  Helmholtz-Hensen  theory  of  the 
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cochlea.  Professor  IfEendrick  stated  that  the  Rojal  Society  had  enabled  him  to 
continae  the  inyestigation,  and  that  a  mone  refined  apparatoa  was  in  course  of 
construction. 


5.  On  some  Physiolagicdl  Applications  of  the  Phonograph,  By  JoHK  G. 
M'Kbndrick,  M,D.,  F,R,S,,  Professor  of  Physiology  in  the  Universiiy 
of  Glasgow, 

Professor  M'Kendrick  exhibited  one  of  the  newest  forms  of  the  phonomphs  of 
the  Edison-Bell  Corporation,  and  by  the  aid  of  a  large  resonator  adapted  to  it  by 
himself  he  was  able  to  cause  the  instrument  to  speak  so  loudly  as  to  be  distinctly- 
heard  throughout  the  large  room  in  which  the  Section  met.  He  explained  the 
mechanism  of  the  instrument,  and  showed  how  it  might  be  adapted  for  recording" 
the  voices  of  two  persons  at  one  time,  and  for  transmission  of  speech  to  a  distance, 
by  using  along  with  it  a  microphone  in  a  telephonic  circuit.  He  also  described 
attempts  he  had  made  to  register  the  voice  curves  by  means  of  a  small  and  light 
lever  running  along  the  grooves  and  recording  on  a  small  smoked  cylinder  travelling' 
at  a  slow  rate,  and  he  exhibited  curves_^obtained_in  this  way.    His  method_  was 

of  F         ■ 


quite  diflerent  from  that  employed  by  Professor  Hermann,  of  Eoni^ber]?.  These 
curves  showed  long  undulations,  at  periods  of  about  one  second,  with  the  speech 
curves  superposed  on  these.  He  also  explained  methods  by  which  the  phonograph 
mi^ht  be  used  for  recording  respiratory  and  cardiac  sounds,  and  he  stated  that, 
whilst  he  had  been  as  vet  unable  to  record  cardiac  sounds,  he  had  obtained  several 
respiratory  curves,  and  also  the  sound  of  the  ticking  of  a  watch.  He  announced 
his  intention  of  continuing  the  investigation  with  more  delicate  apparatus. 


6.  On  Trophic  Changes  in  the  Nervoibs  System. 
By  Justus  Gaule,  Professor  of  Physiology y  University  of  Zurich. 

The  author  has  been  able  by  experiments  upon  the  inferior  cervical  ganglion  of 
the  sympathetic  to  bring  about  changes  in  different  organs,  especiaUy  in  the  biceps 
and  psoas  muscles.  As  the  result  of  further  research,  he  is  able  to  follow  out  the 
trophic  effect  from  the  spot  where  the  operation  is  performed  up  to  the  organ 
which  subsequently  undergoes  change.  The  pathway  of  this  tropluc  effect  passes 
through  the  spinal  cord ;  the  author  in  previous  communications  had  already  pointed 
this  out  as  the  probable  pathway,  and  now  this  supposition  has  been  confirmed  by 
microscopical  examination.  It  has  been  found  that  the  path  is  marked  out  by 
changes  of  a  trophic  nature  in  the  nervous  system,  passing  from  the  point  of  section 
to  the  organ  which  undergoes  change.  It  was  necessary  in  order  to  remove  any 
doubt  to  perform  the  experiment  in  such  a  way  that  the  injury  caused  by  the 
operation  could  have  little  or  no  part  in  bringing  about  the  changes  in  the  nervous 
system. 

At  last  it  was  found  that  the  trophic  changes  took  place  throughout  the  whole 
length  down  to  the  biceps  or  psoas  muscles  when  a  special  nerve  scarcely  visible 
to  the  naked  eye  was  cut  away  with  scissors  from  its  ganglion.  This  nerve  joins 
the  ganglion  near  the  spot  where  one  of  the  accelerator  nerves  arises.  When  the 
operation  is  performed  m  this  way  the  injury  is  so  slight  that  if  the  section  does 
not  involve  the  right  part  of  the  nerve  there  are  practically  no  after-effects  to  be 
observed  in  the  animal.  We  must  therefore  attribute  to  a  special  trophic  influence 
those  changes  which  can  be  observed  after  the  section  of  the  nerve  has  been 
properly  performed.  The  changes  can  be  classified  according  to  the  difierent 
parts  of  the  trophic  path  in  which  they  lie: — 

Those  of  (1)  the  sympathetic  ganglion ;  (2)  the  rami  oommunicantes ;  (3)  the 

ave  ganglia  and  posterior  roots ;  (4)  the  spinal  cord ;  (5)  the  anterior  roots  and 
I'rf  ^^^  ^^®  smaller  divisions  of  the  nerves  in  muscle ;  (7)  the  nerve- 
_  y  cle ;  (8)  and  lastly  those  of  the  muscle  itself. 
Jou*  ^  -T  I 

Digitized  by  VjOOQIC 


TRANSACTIONS  OF  SECTION  I.  795 

The  changes  in  each  of  these  parts  are  of  so  special  a  nature  that  it  is  impos- 
sible to  five  a  short  general  description  of  them.  In  general  the  changes  are  of 
such  a  kud  as  if  the  operation  caused  some  substance  to  be  formed  or  to  soak  into 
the  ganfflion,  and  then  spread  along  its  nervous  connections,  bringing  about  changes 
in  the  chemical  conditions  of  the  cells  of  the  tissues  until  the  cells  are  more  or  less 
completely  destroyed.  The  alteration  spxeads  along  the  natural  pathways  only  as 
long  as  they  are  intact ;  every  experiment  therefore  which  destroys  the  connection 
produces  no  trophic  effect,  it  appears  that  a  spread  of  this  injurious  substance  is 
possible  both  in  the  special  ganglia  and  in  the  mj  substance  of  the  spinal  cord, 
for  the  number  of  altered  ceUs  is  far  greater  in  tne  case  of  the  spinal  ganglion  than 
in  that  of  the  sympathetic  ganglion.  In  the  gre^  substance  of  the  spinal  cord  the 
change  is  seen  to  spread,  not  omy  from  the  posterior  to  the  anterior  boms,  but  also 
in  the  direction  from  above  downwards.  In  those  places  where  the  change  has 
reached  the  anterior  horns  it  spreads  through  the  anterior  nerve-roots,  and  thus 
arrives  at  the  muscles.  At  least  one  finds  in  the  fibres  of  the  nerves  which  supply 
the  biceps  muscle  characteristic  changes  throughout  the  whole  couree  of  the  nerves 
down  the  bradiial  plexus  to  the  muscle. 


7.  On  the  Development  of  Kidney,     By  John  Bbrrt  Haycbaft,  M,D,, 
Professor  of  Physiology,  University  College,  Cardiff', 

The  epithelium  of  the  kidnev  tubules  is  originally  derived  irom  that  of  the 
ureter  ana  Wolffian  duct,  as  taught  by  KoUiker.  In  the  rabbit  the  ureter  branches 
in  the  kidney  blastema  into  six  or  eight  tubules,  ending  in  peripheral  dilatations, 
the  primitive  renal  vesicles.  These  vesicles  divide  again  and  a^in  as  the  kidney 
grows,  keeping  to  the  extreme  cortex,  and  their  stalks  forming  the  collecting 
tubules.  All  the  primary  branches  of  the  ureter  and  many  of  the  above-named 
collecting  tubules  become'evaginated  to  form  the  pelvis.  From  the  primary  renal 
vesicles  the  rest  of  the  tubules  grow  out  as  solid  and  then  hollow  processes 
and  the  Bowman's  capsule  is  moulded  on  a  bend  of  its  own  tubule,  and  is  not 
invaginated  by  a  glomerulus.  After  birth  the  primary  renal  vesicles  shrink  down 
to  the  size  or  an  ordinary  tubule,  but  at  birth  they  may  be  seen  as  dilatations  of 
the  collecting  tube  when  it  reaches  the  extreme  cortex  and  turns  round  into  the 
region  of  the  convoluted  tubules. 


FRIDAY,  AUGUST  10. 


The  President,  Professor  E.  A.  Schafeb,  F.R.S.,  delivered  the  following 
address: — 

Befobb  beginning  the  subject-matter  of  my  address  I  had  conceived  it  to  be 
necessary,  appearing  before  you  as  we  do  as  a  new  Section,  to  offer  some  sort  of 
apology  for  our  presence.  But,  on  looking  up  the  history  of  the  Association, 
I  find  that  my  task  is  somewhat  different.  If  I  have  any  apology  to  offer  at  all 
it  IB  that  the  Section  of  Physiology  has  ceased  to  appear  for  many  years. 

The  British  Association  was  founded  at  York  in  1831 ;  and  at  the  subsequent 
meeting,  which  was  held  in  this  very  city  of  Oxford,  amongst  other  Sections  which 
were  established,  was  one  for  Anatomy  and  Physiology.  Now,  when  we  consult 
the  records  of  this  Section  we  are  struck  with  the  fact  that  Medicine  early  shows  a 
marked  preponderance.  Thus,  in  1833  a  physician.  Dr.  Havilimd,  is  selected  as 
President  for  the  Section;  and  the  secretaries  are  Dr.  II.  J.  H.  Bond,  who  was 
Reffius  Professor  of  Physic  in  the  University  of  Cambridge  from  1851  to  1872  ; 
and  Mr.  ^afterwards  Sir)  G.  E.  Paget,  who  succeeded  Dr.  Bond  in  the  Regius 
Professorship.  This  preponderance  soon  came  to  be  recogniaed  in  the  desi^ation 
of  the  Section^  for  in  1836  we  find  it  entitled  Section  E,  Anatomy  and  Medicine. 
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As  time  went  on  the  interests  of  medical  men  became  gradaally  more  absorbed 
in  the  rapidly  fi^rowin^  British  Medical  Association;  and  in  1841  the  medical  title 
was  dropped,  and  the  Section  came  to  be  called  simply  Physiology,  which  title  it 
retained  mitil  1847.    Under  that  designation  the  Section  has  now  been  revived. 

The  fact  that  Physiology  as  a  separate  Section  in  this  Association  wa» 
allowed  to  lapse  for  so  lon^  a  period  is  not  remarkable  when  we  remember  that 
during  the  first  half  of  this  period  Physiology  as  a  science  was  practically  non- 
existent in  this  country.  The  teachers  of  Physiology  were,  almost  without  ex- 
ception, practising  physicians  and  surgeons,  and  even  when  a  professor  was 
expected  to  devote  his  time  to  the  teaching  of  Physiology  he  was  not  expected 
to  devote  part  of  that  time  to  the  prosecution  of  physiological  research.  l3uring^ 
all  these  years,  from  1833  to  1847,  we  do  not  find  amongst  tibe  officers  of  the  Section 
any  actual  working  physiologists.  Most  of  the  officers  were  distinguished  medical 
men,  with  an  anatomist  here  and  there  amongst  them.  Far  be  it  from  me  to  say 
that  there  was  no  actual  work  being  done  in  Physiology  at  this  time ;  for  Charles 
Bell  and  Marshall  Hall  were  engaged  in  elucidating  the  functions  of  the  nervous 
system ;  whilst  Bowman,  Wharton  Jones,  and  others  were  producing  good  and 
permanent  work  in  various  other  departments  of  Physiology.  Their  labours,  how- 
ever, were  isolated,  and  formed  but  oases  in  the  Sahara  of  neglect  into  which  the 
pursuit  of  Physiology  had  fallen  in  this  country ;  and  this  during  a  period  when  it 
was  being  pursued  with  signal  success  and  activity  both  in  Germany  and  France. 

After  1847  a  revival  or  Physiology  began  to  manifest  itself  even  here ;  and  this 
was  followed  by  the  establishment,  from  time  to  time,  of  a  sub-section  to  Section  D , 
which  was  devoted  to  Physiology,  and  had  a  special  President.  Whether,  however^ 
owing  to  their  subordinate  character,  or  from  some  other  reason,  these  sub-sections 
had  not  usually  any  great  measure  of  success,  and  for  the  last  twelve  years  they 
have  been  wholly  dropped.  During  that  period  Physiology  has  only  twice  been 
represented  in  the  Chair  of  Section  D,  and  has  usually  had  no  secretarial  repre- 
sentation. This  decadence  of  Physiology  in  the  British  Association  during  the  last 
eleven  or  twelve  ^ears  is  the  more  remarkable  because  it  Ls  obviously  not  due  to 
any  want  of  outside  activitv  in  regard  to  the  subject ;  for  during  tms  period  we 
find  an  extraordinary  revival  of  interest  in  physiological  research,  a  revival  which 
in  its  most  active  stage  dates  from  about  twenty-five  years  ago,  but  still  some 
twenty  or  thirty  years  later  than  the  corresponding  revival  in  France  and  Germany. 
I  have  taken  the  trouble  to  prepare  a  list  of  prominent  physiological  workers  who 
flourished  during  the  thirty  years  prior  to  1870.  My  list  comprises,  in  all,  thirty. 
Of  these,  four  are  English,  five  French,  and  twenty-one  German  or  Dutch.  Of  the 
four  English  working  physiologists  not  one  is  a  teacher  of  Physiology.  Of  the  five 
French  and  twenty-one  German  all  are  recognised  teachers.  It  was  not,  in  fact, 
until  it  came  to  be  understood  that  teaching  and  work  in  Physiology,  as  in  all 
branches  of  science,  ought  in  the  main,  to  be  successful,  to  go  hand  in  hand,  that 
the  science  had  any  possibility  of  revival. 

Let  us  glance  for  a  moment  at  the  history  of  the  revival  of  Physiology  in  this 
country  as  compared  with  its  revival  in  Germany.  In  each  country  the  re- 
vival may  be  said  to  have  been  largely  due  to  the  influence  of  one  teacher. 
In  Germany  the  teacher  was  Johannes  Miiller ;  in  this  country,  William  Sharpey. 
Both  of  these  remarkable  men  were  pupils  of  Eudolphi,  who  was  Professor  of 
Anatomy  and  Physiology  in  ESerlin  until  1833.  It  is  stated  regarding  Rudolphi 
that  '  he  was  an  enemy  to  subjective  speculation  in  biological  science  :  he  looked 
on  the  so-called  philosophy  as  mistaken  and  futile  in  its  application  to  the 
phenomena  of  the  animal  economy,  and  based  his  physiology  chiefly,  and  perhaps 
rather  exclusively,  on  the  studv  of  the  animal  structure.'  The  influence  of 
Eudolphi  is  apparent  in  both  Miiller  and  Sharpey. 

Miiller  was  bom  in  1801,  Sharpey  in  1802  ;  they  were  therefore  of  about  the 
same  age.  But  Miilldr's  scientific  and  intellectual  development  was  more  rapid 
than  that  of  his  contemporary.  Thus  we  find  that  already  in  1826,  when  he  was 
but  twenty-five  years  old,  Miiller  attained  so  great  a  reputation  as  to  be  made 
Professor  Extraordinary  in  the  University  of  I&nn ;  and  before  very  long  he  was 
promoted  to  the  grade  of  Ordinary  Professor  there.    In  1833,  whilst  still  a 
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youn(2^  man,  he  was  called  to  the  chair  of  Anatomy  and  Physiology  at  Berlin,  which 
had  just  become  vacant  by  the  death  of  his  master  and  friend,  Kudolphi.  Sharpey, 
on  the  other  hand,  occupied  himself  until  1820  with  perfecting  botn  his  fi^eneral 
and  his  special  anatomical  education.  It  was  not  until  1830  that  he  published  his 
first  essay  in  anatomical  and  physiological  research  entitled  'On  a  Peculiar  Motion 
excited  in  Fluids  by  the  Surfaces  of  Certain  Animals* — observations  which  were 
preliminary  to  the  dbcovery  of  the  existence  of  cilia  in  vertebrates.  And  it  was 
not  until  1836  that  he  was  called  to  the  newly  instituted  professorship  of  Anatomy 
and  Physiology  in  University  College,  London,  which  be  filltKl  for  so  many  years 
with  such  signal  success.  Both  of  these  distinguished  men  owed,  there  is  no  doubt, 
their  succeas  as  teachers  of  Physiolog^rtotheir  early  anatomical  training.  The  general 
anatomical  bent  of  Johannes  Miiller  is  evidenced  by  the  fact  of  his  scientific  work 
being  turned  so  much  in  the  direction  of  Comparative  Anatomv  and  Physiology.  And 
Sharpey,  although  great,  and  deserved!^' great,  as  a  teacher  of  Physioloffy,  remained 
to  his  dying  day,  above  all,  an  anatomist.  Physiologists  of  this  school  are  rare  at 
the  present  day ;  but  it  is  probable  that  in  some  respects  the  progress  of  Physiology 
may  suffer  thereby.  Helmholtz  began  his  public  career  as  professor  of  Anatomy ;  but 
it  would  be  unfair  to  attach  too  much  weight  to  this  particular  incident  in  the  case 
^f  so  many-sided  a  man  as  the  great  Berlin  Professor  of  Physics.  Nevertheless,  the 
necessity  of  a  close  and  careful  training  in  Anatomy  for  those  who  are  afterwards 
to  work  at  or  to  teach  Physiology  is  so  important  that  I  do  not  hesitate  to  say  that 
the  younger  physiologists  who  neglect  the  study  of  Anatomy  will  find  that  before 
very  loiup  they  must  abandon  the  pursuit  of  many  byways  of  Physiology  which 
might  otherwise  be  followed  up  with  manifest  advantage. 

The  influence  of  Johannes  Miiller  upon  the  revival  of  the  pursuit  of  Scientific 
I'hysiology  in  Germany,  and  indeed  ^nerally,  cannot  be  overestimated.  We 
have  only  to  look  at  the  names  and  emmence  of  his  pupils  in  order  to  recognise 
the  immense  influence  which  his  teaching  has  exerted  upon  the  progress  of  Physio- 
lo^  ever  since  his  time.  Some  of  these  pupils  are  still  amongst  us,  others  have 
jomed  the  majority.  But  the  pupils  of  these  men,  again,  are  now  great  names  in 
many  departments  of  our  science,  and  through  them  we  cannot  fail  to  recognise  the 
influence  which  was  exerted  by  this  truly  great  man. 

We  may  say  the  same  in  almost  identical  words  of  William  Sharpey.  The 
practical  pursuit  of  Physiology  in  this  country  has  mainly  radiated  from  the  centre 
where  Sharpey  taught*  Michael  Foster  was  his  pupil.  The  physiological  investiga- 
tions of  Burdon-Sanderson  were  assisted  and  encouraged  by  him.  From  Sharpey, 
therefore,  we  may  trace  the  rise  of  the  great  school  of  Physiology  at  Cambridge, 
and  we  have  only  to  look  at  the  magniHcent  laboratory  which  has  been  erected 
here  to  observe  a  monument  of  the  influence  of  the  same  teacher.  And  there  have 
emanated  either  directly  from  the  physiological  school  established  by  Sharpey  at 
University  College,  or  indirectly  from  those  at  Cambridge  and  Oxford,  many  of  the 
most  active  teachers  and  workers  in  Physiology  in  the  kingdom. 

In  these  resnects  there  is  much  in  common  between  the  revival  of  Physiology 
in  Germany  ana  in  this  country.  In  other  respects,  however,  the  two  cases  have 
been  entirely  under  different  conditions.  Tnere  its  revival,  in  common  with 
^  that  of  science  generally,  has  been  assisted  and  stimulated  by  the  active  and 
beneficent  co-operation  of  every  German  State.  Here,  also  in  common  with 
science  generally,  it  has  had  to  make  its  way  against  every  conceivable  obstacle ; 
and  almost  without  assistance,  either  moral  or  material,  from  the  Government  or 
from  public  bodies.  But  not  only  has  it  not  met  with  assistance,  there  have  been 
actual  obstacles  placed  in  the  way  of  teaching  and  work  in  Physiology.  Some  have 
been  unintentional,  others  intentional.  As  an  instance  of  the  unintentional  may 
be  mentioned  the  practice  which  has  obtained  in  medical  schools  and  on  examining 
boards — a  practice  which,  I  am  happy  to  say,  is  gradually  being  discarded — of 
appointing  as  teachers  and  examiners  in  Physiology  men  who  may  have  a  good 
general  knowledge  of  the  science,  yet  with  whom  it  is  not  the  business  of  their  lives, 
and  who  cannot,  therefore,  be  expected  to  be  as  familiar  with  its  details,  and  as 
absorbed  in  its  interests,  as  those  who  devote  their  entire  time  and  attention  to  its 
pursuit. 
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The  more  virulent  opposition,  in  some  measure,  to  science  g^enerallj,  but  in  tbe 
greatest  measure  to  Physiology,  appeared  almost  simultaneously  with  the  active 
reyiyal  of  the  subject.  This  opposition,  which  has  come  to  be  known  as  the  Anti- 
Tivisection  Movement,  but  which  might  equally  well  be  called  the  Anti-scientifie 
Agitation,  has  hitherto  met  with  no  measure  of  success,  except  that  it  has  to  a 
certain  extent  hampered  the  full  development  of  the  science  by  diverting  to  ita 
defence  some  of  the  energy  which  might  be  devoted  to  its  pursuit.  Indeed,  the 
actual  results  of  this  unreasoning  agitation  furnish  an  illustration  of  the  old-esta^ 
blished  ]9rinciple  that  persecution  of  a  good  cause  will  in  the  long  run  tend 
towards  its  development  and  propagation.  And  in  this  case  the  chief  results  have 
been  the  following : — 

1.  The  most  immediate  effect  of  the  anti-vivisectionist  attack  was  the  establish- 
ment of  the  Physiological  Society,  which  in  the  first  instance  was  only  a  smaJl 
gathering  of  working  physiologists,  who  met  to  discuss  measures  of  defence 
m  a  drawing-room  in  Queen  Anne  Street.  This  society,  which  had  such  a  small 
beginning,  is  now  large  and  important.  Its  doors  are  besieged  by  applicants  for 
admission,  although  it  is  a  necesnty  for  such  admission  that  the  applicant  be  either 
a  teacher  of  Physiology  or  a  worker  at  Physiology,  or  both.  Its  numerical  strength 
has  grown  from  ten  or  fifteen  to  more  than  150 ;  and  its  numbers  are  every  year 
increasing.  And,  besides  the  work  which  it  has  done  in  this  country  in  promoting  the 
interests  of  Physiology,  and  co-operation  between  English  physiologists,  it  has  suc- 
ceeded in  establishing  a  succession  of  Triennial  International  Congresses  of  Physio- 
logy, which  are  amongst  the  moat  successful  of  such  gatherings,  and  which  have 
been  the  means  of  bringing  us  into  communication  with  the  most  prominent 
physiological  workers  and  teachers  on  the  Continput. 

2.  A  second  result  of  the  agitation  was  the  passing  of  the  so-called  Cruelty 
to  Animals  Act.  This  Act,  which  was  intended  to  restrict  the  performance 
of  experiments  upon  animals,  was  in  no  sense  called  for,  since  it  had  been  found 
by  a  Royal  Commission  that  there  was  no  evidence  to  show  that  there  had  been 
unnecessary  experimentation  upon  animals,  or  any  desire  on  the  part  of  physio- 
logists to  neglect  the  use  of  aniesthetics.  On  the  other  hand,  it  is  of  inestimable 
advantage  in  that  it  gives  the  public  a  definite  guarantee  that  the  excesses 
of  which  physiologists  used  to  be  freely  accused  are  not  possible.  Such  excesses 
never  did  actually  occur ;  although,  to  believe  all  the  publications  which  have  been 
issued  by  Anti-vivisection  Societies,  one  would  come  to  the  conclusion  that  a 
physiologist  is  a  being  who  spends  his  whole  time  in  torturing  sensitive  creatures, 
careless  of  the  suffering  whicn  he  may  cause,  or  even  of  the  scientific  results  which 
he  may  obtain.  The  fanatical  supporters  of  the  agitation  would  have  you  to 
believe  that  we  are  all  neither  more  nor  less  than  'fiends;'  they  ciy  with  Feidinand 
that '  hell  is  empty  and  all  the  devils  are  here.* 

I  am  told  there  was  even  a  feeling  of  this  sort  in  this  University  at  the  time 
when  it  was  proposed  to  establish  the  Wayneftete  Professorship  of  Physiology,  and 
that  an  agitation  was  set  on  foot  having  for  its  object,  first,  the  prevention  of 
the  establ^ment  of  such  professorship ;  and  secondly,  that  being  impossible,  the 
prevention  of  the  professor's  practising  Physiology.  The  common-sense  of  the 
University  stifled  this  agitation,  and  the  more  intimate  acquaintance  with  physio- 
logists which  has  resulted  from  the  establishment  of  the  school  has  been  sumcienti 
I  believe;  to  smother  the  little  fire  which  was  still  left  smouldering. 

3.  A  third  result  of  the  Anti-vivisection  Agitation  was  the  establishment 
of  the  Association  for  the  Advancement  of  Medicine  by  Research.  This  imme- 
diately followed  a  unanimous  resolution  of  the  International  Medical  Congress 
of  1881,  affirming  the  necessity  of  experiments  upon  animals.  To  tbe  ignorant 
accusation  that  physiological  experiments  had  been  and  were  of  no  use  or  influence 
in  the  advancement  of  medicine,  the  leaders  of  the  profession  unanimously  affirmed 
that  it  is  upon  Physiology  that  Medicine  and  Surgery  are  based,  and  that  there  can 
be  no  real  progress  in  thote  sciences  without  a  corresponding  progress  in  Experi- 
mental Physiology  and  Pathology.  The  Association  for  the  Advancement  of 
Medicine  by  Research  has  been  of  the  greatest  possible  vslue  and  assistance  to 
Physiology  in  this  country.    It  has  shown  physiologists  that  they  have  the  great 
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medical  profession  at  their  back,  audit  has  acted  aa  an  impartial  and  independent 
medium  of  commnnication  between  phyBiologiats  and  the  successive  Secretaries  of 
State,  whose  business  it  has  been  to  'administer  the  Act. 

4.  A  fourUi  result  of  the  attacks  of  the  anti-vivisectionists  has  been,  I  may 
perhaps  be  permitted  to  belieyOy  the  re-establishment  of  this  Section  of  Phy- 
siology of  the  British  Association.  Those  who  were  present  at  the  meeting  of  the 
Association  in  Nottingham  may  have  remarked  that  the  gutters  of  that  town  were 
strewn  with  papers  which  had  been  forced  upon  the  members  of  the  Association 
by  the  anti-yivisectors  of  the  place.  This  literature,  which  in  a  double  sense  may 
be  termed  '  gutter  literature/  teemed  with  flagrant  misstatements,  and  with  vicious 
calumnies,  directed  against  physiologists,  and  especially  called  forth,  I  presume,  by 
the  fact  that  for  the  tirst  time  in  the  nistory  of  the  British  Association  a  physiologist 
was  called  upon  to  occupy  the  presidential  chair.  We  may  look  upon  the  esta- 
blishment of  this  Section  as  the  reply  of  the  Association  to  the  false  witness  which 
was  borne  against  us  at  Nottingham. 

But  although  a  special  section  for  Physioloiry  has  been  re-established,  it  may 
not  be  advantageous  that  there  should  be  one  at  eyery  meetintr  of  the  Association. 
Physiology  is  aboye  all  things  a  practical  scieDce.  It  reqiiires  laboratories  and 
means  of  demonstratioD.  Physiologists  are  rarely  satisfied  wiih  the  opportunity 
of  h^tfvriwg  and  reading  papers,  but  require  that,  as  much  us  possible,  the  actual 
methods  of  research  employed  should  be  capable  of  demonstration.  By  this^  I  am 
not  to  be  supposed  to  adyocate  the  demonstration  of  experiments  upon  animals, 
for  there  are  yery  manj  subjects  in  Physiology  which  can  be  both  worked  at  and 
illustrated  in  a  manner  myolying  in  no  sense  whatever  the  word  vivisection.  But  in 
order  that  the  methods  should  be  shown,  it  is  important  to  hare  the  appliances 
of  a  laboratory  at  hand,  and  the  Association  frequently  meets  in  towns  which 
are  not  university  towns,  and  have  no  laboratories,  in  which,  therefore,  it  would  be 
difficult  or  impossible  to  arrange  for  demonstrations  of  the  sort  that  I  am  alluding 
to.  On  this  account  we  may  well  imitate  the  practice  of  the  British  Medical 
Association,  which  establishes  a  Section  of  Physiology  only  when  its  meetings  are 
h^d  in  such  a  centre  as  is  likely  by  the  appliejices  which  are  to  be  found  in  that 
centre  to  render  the  Section  useful  and  efficient.  Hence,  in  recommending  the 
estabUshment  of  a  Physiological  Section,  it  is  expressly  reserved  that  the  Section 
shall  be  held  only  at  such  future  meetings  as  may  seem  to  the  Council  to  be 
desirable. 

I  will  now  invite  you  to  consider  with  me  one  or  two  of  the  more  obscure 
subjects  in  the  range  of  Physiology,  subjects  which  are,  however,  creating  a  great; 
almost  an  absorbing,  interest  at  the  present  moment.  The  first  of  these  sub* 
jects  relates  to  the  structure  and  function  of  every  cell  in  the  body.  All  are 
aware  that  the  body  of  every  animal  and  of  every  plant  is  made  up  of  minute 
corpuscles  which  are  formed  of  protonlasm,  and  which  contain  in  every  case  at 
least  one  nucleus.  The  protoplasm  ana  the  nucleus  form  the  living  suhietance  of 
the  celL  Other  substances  may  be  present,  but  the^  are,  in  a  sense,  outside  the 
nucleus  and  protoplasm,  not  incorporated  with  their  substance.  Apart  from  a 
few  detfuls  rdatmg  to  the  structure  of  the  nucleus,  this  was,  until  quite  lately, 
practically  all  that  we  knew  regarding  the  parts  composing  either  the  animal  or 
the  vegetaUe  celL  There  appears,  however,  to  be  yet  another  something  which, 
altiiough  in  point  of  size  it  is  of  very  insignificant  dimensions,  yet  in  point  of 
function  may  perhaps  be  looked  upon  as  transcending  in  importance,  in  some 
respects,  bom  the  protoplasm  and  the  nucleus.  Not  many  years  ago  it  was 
noticed  by  various  observers  that  in  certain  specialised  animal  cells  the  proto* 
plasm  showed  a  tendency  to  radiate  from  or  converge  towards  a  particular  point, 
and  on  farther  investigation  it  was  found  that  at  this  point  thei-e  was  a  minute 
particle.  This  observation,  which  began,  as  we  have  seen,  upon  specialised  cells, 
was,  alter  a  little  while,  found  to  hold  good  for  other  and  yet  other  cells,  until,  at 
the  present  time,  we  believe  that  in  every  cell  of  the  animal  or  plant  body  such  a 
particle  exists.  Now,  it  may  weU  be  asked,  why  after  all  should  so  great  importance 
be  attached  to  this  observation  P  To  this  it  may  be  replied  that,  in  the  first  place, 
it  is  of  importance,  because  it  shows  conclusively  that  the  whole  cell  is  not  of  a 
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uniform  nature,  since  there  is  this  one  point  witMn  the  cell  that  exerts  a  special 
attraction  upon  the  i-est  of  the  cell-«uD8tance ;  and,  indeed,  on  this  account   the 
particle  has  come  to  be  termed  the  '  attraction  particle.'    And  in  the  second  place, 
because  of  the  apparent  universality  of  the  occurrence  of  such  a  particle.     And, 
thirdly,  because  of  the  fact  that  one  of  the  most  important  phenomena  exhibiled 
by  the  cell  hinges  upon  the  behaviour  of  this  particle  :  for  it  is  found  that  before  a 
cell  or  its  nucleus  divides  this  minute  attraction  particle  be^ns  by  itself  dividing, 
and  is,  in  fact,  more  commonly  met  with  double  than  single.  Nor  is  it  until  the  two 
particles  thus  produced  have  evolved,  either  from  themselves  or  from  the  snbatanoe 
of  the  protoplasm  or  nucleus,  a  system  of  communicating  fibres,  the  so-called  ackrth- 
tnatic  spindisf  that  those  changes  in  the  nucleus  and  protoplasm  take  place  which 
produce  the  division  and  multiplication  of  the  cell.    This  attraction  particlej  which 
IS  also  called  the  central  particle  or  centrosome,  has  absorbed  so  great  an  interest 
that,  short  as  is  its  history,  many  papers  have  already  been  devoted  mainly  to  it,  the 
latest  of  these  being  an  elaborate  treatise  of  some  300  pages  by  Martin  Heidenhain. 
I  shall  not  here  attempt  to  follow  out  the  details  of  all  these  researches,  but  will  be 
satisfied  with  putting  oefore  you  the  conclusion  which  Heidenhain  has  come  to  re- 
garding this  particle,  viz., '  that  it  is  morphologically,  physiological  Ij, 
and    chemically  a    structure    sui  generis;    not  merely  a  separate 
portion  of   nucleus   or  of   protoplasm,  but  an  organ  of    the    cell 
with    definite    functions,    and    having  a  definite    existence  of    its 
own.'    Nevertheless,  it  is  almost  as  minute  an  object  as  it  is  possible  to  con- 
ceive.    In  a  cell  which  is  magnified  a  thousand  diameters  the  central  particle 
appears  merely  the  size  of  a  pin-point.    Yet  this  almost  infinitely  small  object 
exerts  an  extraordinary  influence  over  the  whole  cell,  however  large  (and   the 
cell  may  be  many  thousand  times  its  size),   for  it  initiates  and  directs  those 
processes  which  result  in  the  multiplication  of  the  cell,  and  indirectly,  therefore,  it 
is  concerned  in  directing  the  general  growth  of  the  individual,  and  ultimately  the 
propagation  of  the  species. 

A  former  President  of  the  Association  took  as  the  subject  of  his  presidential 
address  what  he  was  pleased  to  call  the  '  Next  to  Nothings/  In  considering  this 
central  particle,  of  the  actual  structure  of  which,  and  of  its  chemical  constitutioni 
we  know  at  present  hardly  any  thing,  we  may  surely  regard  it  as  a  striking  instance 
of  the  supreme  importance  of  the  '  next  to  nothing '  in  Physiology. 

The  other  subjects  to  which  I, desire  to  draw  your  especial  attention  relate  to 
the  physiology  of  certain  organs  the  functions  of  which  have  always  been  extremely 
obscure,  and  which,  although  they  difier  greatly  from  one  another  in  almost  every 
point  of  structure,  and  presumably  also  in  function,  it  has  been  usual  to  group 
together  under  the  name  of  ductless  glands.  The  name  '  gland '  is  given  to  saeh 
Cleans  of  the  body  as  take  materials  from  the  blood,  and  convey  those  materials 
in  an  altered  or  unaltered  form,  by  a  tube  or  duct,  to  a  surface  either  internal  or 
extern^.  Such  material  is  termed  the  secretion  of  the  gland,  and  has  for  its  olgect 
either  the  performing  some  function  which  is  useful  to  the  organism  or  the  getting 
rid  of  materiid  which  would  be  detrimental  if  retained.  In  the  case  of  the  ductless 
glands  there  is  no  such  possibility  of  pouring  out  material  produced  by  the  gland 
upon  a  surface,  because  these  organs  do  not  communicate  with  any  surface  by  a 
duct ;  and  tvhatever  material  they  may  furnish  must  therefore,  if  it  is  to  reach  the 
body  generally,  pass  into  the  blood ;  that  is  to  say,  the  blood  on  the  one  hand 
must  furnish  the  materials  for  the  secretion  of  the  gland,  and  on  the  other  hand 
it  must  take  up  those  materials  after  they  have  been  manufactured  into  something 
else,  and  carry  them  away  to  other  parts  of  the  body.  Now,  in  the  case  of  a 
certain  number  of  the  ductless  glands  there  has  not  appeared  to  be  any  very  great 
obscurity  as  to  their  function ;  for  some  of  them  seem  very  obviously  to  be  devoted 
to  tJie  formation  of  corpuscles  which  are  found  within  the  blood  itself.  But  with 
regard  to  others  of  these  bodies  it  has  not  hitherto  been  possible  to  find  any  special 
material  in  the  blood  which  they  have  furnished  to  it,  and  our  knowledbra  of 
them  is  derived  almost  entirely  from  experiments.  I  will  take  the  case  of  two 
of  these  to  illustrate  the  vast  influence  which  small  and  almost  disreirarded 
organs  may  exert  upon  the  whole  economy.    But  in  the  first  place  I  may  be  per- 
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mitted  to  point  out  what  is  indeed  a  self-evident  statement,  that  there  is  no  part 
of  the  hody  which  does  not  exert  some  influence  upon  the  rest.  Every  single 
portion  of  the  body  is  continually  taking  materials  from  the  blood,  and  furnishing 
to  the  blood  other  materials  which  are  formed  within  it,  whether  we  call  that 
portion  which  performs  such  functions  a  gland  or  not ;  and  it  is  quite  cert-ain  that 
the  removal  of  any  portion  of  the  body  would  be  followed  by  some  permanent 
alteration  in  the  olood  were  it  not  that  other  similar  parts  may  by  increased 
activity  compensate  for  the  alterations  which  the  blood  would  otherwise  undergo 
^m  the  loss  of  any  one  such  part.  Take  the  case  of  a  limb.  The  changes  which 
the  blood  undeivoes  in  circulating  through  it  affect  the  body  generally  through 
that  fluid,  for  the  composition  of  the  blood  becomes  modifiea  m  traversing  the 
limb.  And  not  only  is  the  body  aflected  thus  through  the  medium  of  the  blood, 
but,  by  means  of  the  nerves  which  pass  to  and  from  the  limbs,  the  central  nervous 
system  is  itself  affected  by  the  movements  and  alterations  of  various  kinds  which 
are  proceeding  in  the  muscles  and  other  parts,  and  through  the  nervous  system  the 
whole  organism  must  constantly  be  influenced  from  the  limb.  There  is,  however, 
no  evidence  that  the  remoyal  of  a  limb  or  part  of  a  limb  permanently  modifies 
either  the  condition  of  the  blood  or  of  the  nervous  system.  Nor  is  such  a  result  to 
be  expected,  for  in  this  case  there  are  other  parts  of  the  body  possessing  similar 
organs  and  performing  similar  functions,  the  increased  activity  of  which  may  easily 
compensate  for  the  loss  which  is  sustained  through  removal  of  such  a  part. 

But  if  we  deal  with  an  organ  which  is  not  multiple,  but  unique,  and  com- 
pletely remove  this  from  the  body,  it  is  easy  to  see  that  the  ease  may  be  yery 
different.  This  organ,  like  every  other  organ  of  the  body,  is  continually  taking 
from  the  blood  some  materials  and  giving  up  to  it  certain  other  materials.  Now 
it  is  clear  that  its  removal  must  make  a  permanent  difference  in  the  blood,  and, 
since  the  whole  organism  is  remarkably  sensitive  to  even  slight  changes  in  the 
composition  of  the  circulating  fluid,  very  marked  results  may  well  follow  the 
removal  of  such  organ.    And  this  is  in  fact  found  experimentally  to  be  the  case« 

It  has  long  been  known  that  extensive  disease  of  the  thyroid  gland,  a  small 
reddish  organ,  weighing  about  one  or  two  ounces,  found  at  the  front  of  the  throat, 
is  followed  by  extensive  alterations  in  the  nutrition  of  the  body  generally.  The 
patient  becomes  swollen  from  the  overloading  of  the  connective  tissues  with  a 
mucinous  exudation ;  the  nervous  and  muscular  systems  are  seriously  affected ; 
the  power  of  generating  heat  is  greatly  modified ;  and  the  final  result  is,  in  the 
first  mstance,  the  production  of  a  condition  of  semi-idiocy,  ultimately  followed,  if 
the  disease  be  extensive,  by  death.  Precisely  similar  results  have  been  found  in 
animals,  and  in  fact  in  man  as  well,  to  follow  the  complete  removal  of  this  body. 
Yet  the  weight  of  this  organ  is  not  more  than  one  sixteen-hundredth  part  of  the 
whole  weight  of  the  body ;  and  even  this  figure  does  not  represent  the  enormous 
influence  which  a  relatively  small  organ  can  exert  upon  the  (reneral  nutrition^ of 
the  body ;  for  it  is  found  that  even  if  a  minute  part  of  the  thyroid  gland  be  left 
whilst  the  greater  part  is  removed,  the  symptoms  above  enumerated  do  not  super- 
vene. Indeed,  certain  contradictory  results  which  haye  been  get  by  some  observers- 
after  removal  of  the  thyroid  are  explained  by  the  fact  that  in  some  individuals 
there  are  minute  detached  particles  of  thyroid  gland  lying  apart  from  the  main 
organ ;  and  that  after  the  latter  has  been  removed  these  detached  particles  may 
saificiently  carry  on  the  function  of  the  organ  in  relation  to  the  blood  and  the" 
nervous  system  to  prevent  the  supervention  of  the  deleterious  symptoms  which 
usually  occur  after  its  removal.  Here  is,  then,  a  notable  instance  of  the  enormous 
influence  exerted  by  a  '  next  to  nothing '  upon  the  general  organism. 

Another  illustration  may  be  g^ven  from  these  ductless  glandf>.  It  was  noticed 
in  1849  by  a  celebrated  physician,  J)r.  Addison,  of  Guj's  Hospital,  that  certain 
cases,  accompanied  by  extreme  debility,  occurring  in  the  human  subject  were" 
associated  with  the  appearance  of  peculiar  bronzed  patches  on  parts  of  the  skin 
and  mucous  membranes ;  and  on  post-mortem  examination  of  these  cases,  which 
always  sooner  or  later  have  a  fatal  termination — and  indeed  sooner  rather  than 
later — he  foimd  the  nymptoms  in  question  to  be  accompanied  by  disease  and  destruc- 
tion of  the  supra-renal  capsules — small  bodies  which  are  placed  close  to  the  kidneys, 
1894.  .  .3  F      , 
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but  which,  80  &r  as  we  know,  have  no  physiological  connection  vnth  them.  Nolri 
when  experiments  came  to  he  directed  upon  these  bodies  in  order  to  elucidate  theic 
functions,  and  especially  to  observe  whether  their  injury  or  removal  was  aocom« 
panied  in  animals  also  by  symptoms  similar  to  those  occurring  in  man  as  the  result 
of  disease,  it  was  found  by  Brown-S^uard  that  when  these  bodies  are  totally 
removed  in  anv  animal  the  removal  is  speedily  followed  by  a  fatal  result.  These 
experiments  of  Brown-S^uard*s  were  made  in  1858,  and  at  the  time  attracted  some 
attention.  They  were  repeated  by  other  experimenters  with  similar  effects.  But  some 
of  those  who  removed  the  supra-renal  capsules  obtained  contrary  results,  and  for 
many  years  the  matter  remained  in  an  unaecided  condition.  It  was  even  supposed 
that  the  fatal  results  which  were  got  by  Brown-S4quard  might  be  due  to  the  shock 
of  the  operation  or  to  the  fact  that  the  removal  necessarily  involves  certain  parts  of 
the  sympathetic  nervous  system,  and  were  not  necessarily  due  to  the  removal  of  the 
supra-renals.  Recentlv,  however,  attention  has  been  again  directed  to  the  subject, 
and  the  experiment  of  Brown-S^uard  has  been  repeated  by  Tizzoni  (1889)  and 
by  Abelous  and  Langlois  (1801  to  1894)  in  various  animals — viz.  frogs,  guinea- 
ptgs,  rabbits,  and  dogs.  1  have  myself  performed  confirmatory  experiments  in 
monkeys.  The  result  of  all  these  recent  observations  is  to  show  that  the  complete 
removal  of  the  supra-renal  capsules  is  not  compatible  with  prolonged  existence  of 
life ;  and  Abelous  and  Langlois  have  shown  that  it  is  accompanied  by  an  alteration 
in  the  blood,  which  renders  that  fluid  poisonous  to  other  animals.  The  contrary 
results  which  have  been  obtained  by  some  investigators  are  apparently  due  to  the 
fact  that  in  certain  cases  there  are,  as  with  the  thvroid  body,  small  isolated  por- 
tions of  supra-renal  substance  ('  accessory  capsules,  as  they  are  sometimes  called) 
which  have  not  been  noticed  and  removed  at  the  time  of  the  operation,  and  that 
these  small  portions  of  supra-renal  substance  have  served  to  maintain  that  proper 
relation  between  the  blood  and  the  gland  which  is  sufficient  to  prevent  the  super- 
veotion  of  the  symptoms  in  question. 

Now  the  weight  of  both  supra-renal  capsules  taken  together  is  not  more  than 
three  drachms,  and  their  weight,  as  compared  with  that  of  the  whole  body,  is  only 
as  I  to  6,000  or  less.  The  accessory  supra-renal  capbules  which  may  be  left  after 
the  removal  of  the  main  bodies  probably  do  not  originally  weigh  more  than  one* 
twentieth  of  the  whole  structure,  and  yet  this  minute  proportion  of  material  (a 
material,  so  far  as  we  know,  imique  in  the  oi^anism)  is  nevertheless  sufficient  to 
maintain  the  composition  of  the  blood  and  the  nutritive  equilibrium  of  the  body, 
and  thus  to  prevent  the  necessarily  £&tal  result  of  complete  removaL 

Now  it  has  been  found  in  the  case  of  the  thyroid  gland  that  patients  in  which 
this  structure  has  been  so  diseased  that  its  function  is  seriously  interfered  with,  and 
animals  in  which  it  has  been  removed  entirely,  may  be  greatly  benefited,  if  not  indeed 
cured,  by  the  inception,  either  subcutaneou^y  or  witn  food,  of  the  thyroid  glands 
of  animals,  or  of  the  juice  of  such  glands.  Even  where  no  affection  of  the  thyroid  can 
actually  be  detected,  the  exhibition  of  thyroid  juice  is  frequently  beneficial  in  certain 
conditions  of  the  system ;  and  it  was  noticed  by  Dr.  Oliver,  of  Harrogate,  that  this 
is  especiallv  the  case  where  there  is  a  too-marked  constriction  of  itie  blood-vessels, 
the  juice  of  this  body  tending  in  such  cases  to  reduce  the  extreme  tone  of  the  vascular 
walls,  which  is  the  cause  of  this  condition.  Encouraged  by  this  result,  Dr.  Oliver 
was  led  to  examine  the  effects  of  other  animal  extracts,  and  among  them  that  of 
extract  of  supra-renal  capsule.  The  effect  of  this  was  precisely  the  reverse  of  that 
which  he  had  got  with  the  thyroid  body,  for  he  obtained  evidence  tending  to  show 
that  in  certain  cases  in  man  extract  of  supra-renal  capsule  can  produce  an  increase 
of  vascular  tone  and  a  diminution  in  the  size  of  the  arteries.  Beyond  this  point, 
however,  Dr.  Oliver  was  unable  to  proceed  by  clinical  experiment,  and  he  accord- 
ingly came  to  my  laboratory  with  the  object  of  determining  the  precise  physiolo- 
gical effect  of  the^  active  substance  of  the  capsules.  The  results  which  were  obtained 
show  that  there  is  present  in  both  alcoholic  and  watery  extracts  of  the  gland  a 
most  potent  physiological  substance  which  when  injected  into  the  body  of  an 
animal  produces^  even  in  minute  doses,  a  remarkable  effect  upon  certain  parts  of 
the  nervous  system,  upon  the  muscular  system,  upon  the  heart,  and  upon  the 
blood-vessels.    If  only  as  much  as  a  grain  by  weight  of  supra-renal  capsule  he  er» 
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tneted  with  alcohol,  sod  if  this  alcoholic  extract  be  allowed  to  dzj,  and  then  Imt 
rediMolTed  in  a  little  water  or  salt  solation  and  injected  into  the  blood  of  a  dog, 
the  leealts  which  are  obtuoed,  considering  the  minute  amount  of  substance  nddA 
to  the  blood,  are  certainly  most  extraordinary.  The  nervous  centre  which  regulates 
tiie  action  of  the  heart  is  powerfully  affectea,  so  that  the  heart  either  beats  very 
dowly  and  weakly,  or  the  auricles  may  even  for  a  time  stop  beating  altogether. 
If,  however,  these  inhibitory  influences  be  cut  off  by  division  of  the  vagi  nerves,  the 
effect  of  the  poison  upon  the  heart  is  of  an  opposite  character.  There  is  great  acoele^ 
ration  of  the  rate  of  the  beat  and  a  great  increase  of  force.  This  is  accompanied  by 
a  strongly  marked  influence  upon  the  blood-vessels,  and  especially  upon  the  arte- 
rioles. The  walls  of  these  are  chiefly  muscular,  and  the  drjig  exerts  so  powerful 
an  action  upon  this  muscular  tissue  as  to  cause  the  calibre  of  the  vessels  to  be 
almost  obliterated.  The  heart  being  thus  increased  in  force  and  accelerated,  and 
the  calibre  of  the  vessels  almost  obliterated,  the  result  is  to  raise  the  pressure  of 
the  blood  within  the  arterial  system  to  an  enormous  extent,  so  that  from  a  blood- 
pressure  which  would  be  suflicient  to  balance  a  column  of  some  four  inches  of 
mercury  the  pressure  may  rise  so  high  as  to  be  equal  to  a  column  of  mercury  of 
twelve  or  more  inches. 

This  result  is  obtained,  as  we  have  seen,  by  a  very  minute  dose.  We  have  to 
dp  here  with  a  substance  which  is  as  potent,  although  in  a  different  direction,  as 
fltrychnia.  Whether  it  is  a  useful  substance  formed  by  the  supra-renals  from 
materials  furnished  by  the  blood,  and  subsequently  gradually  used  in  the  economy 
for  the  virtue  of  its  action  upon  the  circulatory^  system,  or  whether  it  is  to  bio 
regarded  as  a  poison,  formed  by  the  tissues  during  their  activity  and  carried  by 
the  blood  to  the  supra-renals,  there  to  be  rendered  innocuous,  we  do  not  as  yet 
certainly  know.  These  are  important  points  which  must  form  the  subject  of 
further  invesdgatioii*  But,  however  this  may  be,  it  is  dear  that  in  this,  gland 
also  we  again  meet  with  an  instance  of  the  physiological  importance  of  what  Sir 
Frederick  Bramwell  called  the  'next  to  nothing'.' 

I  will  give  one  more  instance,  taken  this  time  from  a  gland  which  is  provided 
with  a  duct.  Until  quite  recently  it  might  have  been  thought  that  there  was 
nothing  very  obscure  regarding  the  functions  of  the  pancreas.  The  pancreas  is  a 
digestive  gland  which  lies  below  and  behind  the  stomach :  it  has  a  duct  which 
carries  its  secretion  into  the  beginning  of  the  intestine,  and  that  secretion  acta 
powerfully  upon  all  constituents  of  the  food,  digesting  starch,  meat,  and  fat.  It 
was  not  supposed  that  the  pancreas  had  any  other  function  to  perform.  Animals 
can  live  without  this  secretion,  and  to  a  large  extent  can  continue  to  digest  and 
absorb  their  food  much  as  before ;  for  it  has  been  possible  to  divert  the  secretion 
from  the  intestine  and  to  collect  it  at  the  surface  of  the  boily ;  and  it  is  found 
under  these  circumstances  that,  although  the  food  is  not  quite  so  readily  digested, 
nevertheless  the  animal  does  not  materially  suffer  from  the  lack  of  the  secretion. 
It  was  discovered,  however,  a  few  years  ago  (by  v.  Mering  and  Minkowski) 
that  if,  instead  of  merely  diverting  its  secretion,  the  pancreas  is  bodily  removed, 
the  metabolic  processes  of  the  organism,  and  especially  the  metabolism  of  carbo- 
hydrates, are  entirely  deranged,  the  result  being  the  production  of  permanent 
diabetes.  But  if  even  a  very  small  part  of  the  gland  is  left  within  the  body,  the 
carbohydrate  metabolism  remains  unaltered,  and  there  is  no  diabetes.  The  small 
portion  of  the  organ  which  has  been  allowed  to  remain  (and  which  need  not  even 
be  left  in  its  proper  place,  but  may  be  transplanted  under  the  skin  or  elsewhere) 
is  suflicient,  by  the  exchanges  which  go  on  between  it  and  the  blood  generally,  to 
prevent  chose  serious  consequences  to  the  composition  of  the  blood  and  the  general 
constitution  of  the  body  which  result  from  tne  complete  removal  of  this  organ. 
Now,  some  yean  ago  it  was  noticed  by  Kiihne  and  Sheridan  Lea  that,  besides  ita 
proper  secreting  structure  composed  of  tubular  alveoli,  lined  by  granule-containing 
cells,  there  are  highly  vascular  patches  of  peculiar  epithelium-like  cells  scattered 
here  and  there  in  the  substance  of  the  pancreas,  which  are  wholly  unconnected 
with  the  ducts  and,  so  far  as  one  can  judge,  with  the  secretion  of  the  gland.  We 
do  not  know  anything  whatever  about  the  function  of  these  patche.<i,  althoagh 
{torn  their  vascularity  it  is  extremely  probable  that  they  are  not  without  impoi- 
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tanoe  plivsiologically,  and  it  is  tempting  to  conjecture  that  it  ia  these  cells  whid» 
are  specially  concerned  in  effecting  that  influence  upon  the  metaholiism  of  carbo* 
hydrates  "which  experiment  has  shuwn  to  he  peculiar  to  the  pancreas. 

The  lesBon  to  he  drawn  from  these  results  is  clear.  There  is  no  oi^gan  of  tlie 
body,  however  small,  however  seemingly  unimportant,  which  we  can  presume  to 
neglect ;  for  it  may  be,  as  with  the  supra-renal  capsules,  the  thyroid  gland,  and 
the  pancrea9,  that  the  balance  of  assimilation  and  nutrition,  upon  the  proper  main- 
tenance of  which  the  health  of  the  whole  organism  immediately  depends,  faingeB 
upon  the  integrity  of  such  obscure  structures ;  and  it  is  the  maintenance  of  Vaa 
balance  which  constitutes  healdi — its  disturbance,  disease.  Nor,  on  the  othot 
hand,  dare  we,  as  the  investigation  of  the  attraction-particle  has  shown,  afford  to 
disregard  the  most  minute  detail  of  structure  of  the  body. 

*  All  is  concentei'd  in  a  life  intense, 
Wheie  not  a  beam,  nor  air,  nor  leaf  is  lost. 
But  hath  a  part  of  being.' 


The  following  Papers  were  read : — 
I.  On  the  Absorption  of  Poisons.     By  Professor  P.  Hbger,  Brus8eU^ 


2.  On  a  New  Theory  of  Hearing.     By  C.  H.  Hurst,  Ph.D, 


3.  On  the  Fats  of  the  Liver.     (A  preliminary  Communication,) 
By  D.  Noel  Paton. 

It  is  pointed  out  that  while  the  liver  has  been  demonstrated  to  play  an  impor- 
tant part  in  the  metabolism  of  carbohydrates  and  proteids,  its  possible  connection 
with  the  metabolism  of  fats  has  not  been  investigated. 

In  the  present  series  of  observations  an  attempt  is  made  to  elucidate — 

A.  The  iiource  of  Liver  Fats. 

I.  Are  they  directly  stored  from  the  fat  in  the  food  ? 

a.  Do  they  accumulate  in  the  liver  after  a  meal  containing  fats  P 

b.  Does  the  quantity  of  fats  in  the  liver  bear  any  proportion  to  the  quantity 

of  glycogen  ? 

II.  Are  they  formed  from  the  fats  in  the  adipose  tissue  of  the  body  P 

a.  Consideration  of  phosphorus  poisoning. 

b.  Relative  amount  of  fats  in  liver  and  adipose  tissue  during  starvation. 

III.  Are  they  formed  during  the  katabolism  of  the  protoplasm  of  liver  cells  P 

B.  Fate  of  Liver  Fats, 

Before  investigating  these  points  certain  preliminary  observations  were 
necessary. 

1.  What  is  the  best  method  of  extracting  the  fats  ?  Soxhlet*s  method  was 
adopted. 

2.  How  much  of  the  ether  extract  is  composed  of  true  'fats?  '  For  saponifi- 
cation and  estimation  of  the  '  fatty  acids  *  the  method  given  by  Hoppe  Seyler^ 
the  method  of  Lebedeff,  and  the  method  of  Koseel  and  Obermiiller  were  tested. 
The  last  was  found  most  satisfactory. 

A  large  series  of  observations  shows  that  the  fatty  acid  in  the  ether 
extract  varies  much — from  40  to  70  per  cent. — averaging  about  65  per  cent. 

S,  Is  the  proportion  of  fatty  acids  the  same  in  the  liver  as  in  the  ordi- 
nary fats  of  the  lK)dy  ?  Leb€deti''s  method  was  used.  The  solid  acids  (palmitic 
and  stearic)  are  to  oleic  acid  on  an  averag^e  as  1  to  1  *5 ;  in  fishes,  I  to  2*5.  This 
agrees  with  one  or  two  previous  estimations.  In  the  fats  of  the  body  Lebedeff 
found  in  a  lipoma  I  to  2*37,  and  in  subcutaneous  fat  1  to  6*11. 
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4.  Is  tlie  distribution  of  fata  uoifonn  throughout  the  liver  P  It  is  found 
to  be  so. 

5.  Iq  animals  in  the  same  condition  is  the  percentage  amount  of  fat  in  the 
liver  nearly  the  sameP  Tea  observations  show  that  Uie  variation  is  usually 
under  6  per  cent,  while  the  difference  in  the  amount  of  fatty  acids  is  even 
snwUer. 

A.  The  Sotirce  of  Liver  Fata, 

I.  Are  they  directly  stored  from  the  fat  in  the  food  ? 

a.  The  amount  of  fats  in  the  liver  at  different  periods  after  food  was  estimated, 
and,  with  the  exception  of  a  somewhat  doubtful  increase  between  twenty-four  and 
thirty  hours  after  the  meal,  no  change  in  the  amount  of  fat  could  be  determined. 
Further  experiments  on  this  subject  are  being  carried  on. 

b.  Does  the  amount  of  fat  iJear  any  relationship  to  the  amount  of  glycogen  P 
As  a  result  of  a  large  number  of  estimations  it  is  concluded  that  the  fate  bear 
no  relationship  to  the  amount  of  glycogen. 

II.  Are  they  formed  from  the  fats  of  the  adipose  tissue  P 

a.  Much  of  the  work  already  published  on  phosphorus  poisoning  tends  to 
indicate  that  they  are  so  formed. 

b.  During  starvation  the  amount  of  fats  in  the  body  falls  to  a  much  greater 
extent  than  the  liver  fats,  which  undergo  a  comparatively  small  reduction. 

III.  Are  they  formed  during  the  katabolism  of  liver  protoplasm  ? 

In  t\i^  poti^ufr$§niYiv&[  kept  for  several  hours  at  40''  (J.  no  change  in  the 
amount  ^iffTafs^as  so  far  been  determined.  Further  experiments  on  this  point 
are  reqi^ired. 

.B.  ^he  fate  of  the  liver  fats  has  not  so  fat*  been  sufficiently  investigated 
to  just/ifj  any  conclusions. 


org 


On  tlie  Meaaureinent  of  Simple  Reaction  Time  for  Sight,  Hearing,  and 
Totich.     By  Professor  W.  Ruthebpoed,  if.Z).,  F,li.S. 

Heaction  time  is  the  interval  that  elapses  between  the  stimulation  of  a  sense 
'-rfan  and  a  motor  response.  The  physiological  process  involved  consists  of 
(gi)  an  afferent  factor — ^the  stimulation  of  a  sensory  terminal  and  transmission 
/of  an  impube  eJong  sensory  nerve-fibres  to  the  brain ;  {b)  a  psychical  factor 
involving  an  act  of  sensory  perception  and  the  voluntary  production  of  a  motor 
impulse ;  (c)  an  efferent  factor — the  transm Lesion  of  an  impulse  along  motor  nerve- 
fibres,  and  muscular  contraction.  To  render  the  reaction  '  simple,'  discrtminatitm 
is  eliminated  from  the  act  of  perception  by  repeating  the  Eame  sensation  again 
and  again  without  variation  in  its  character ;  and  choice  is  eliminated  from  tho 
.voluntary  act  by  giving  the  same  motor  response  again  and  again.  In  the 
author^s  experiments  motor  response  was  g^ven  by  the  right  foretinger  closing 
an  electrical  key.  The  stimulus  for  sight  was  the  movement  of  a  flag  attached 
to  a  lever ;  that  for  hearing  was  a  click  given  by  transmitting  an  induction  shock 
through  a  telephone;  that  for  touch  was  an  induction  shock  or  a  mechanical 
tap.  The  reaction  time  was  ascertained  by  recording  the  moments  of  stimulation 
and  of  response  on  a  revolving  cylinder  and  also  on  a  pendulum  myograph,  and 
measuring  the  interval  by  a  tuning-fork.  The  pendulum  myograph  has  not 
hitherto  been  employed  in  such  experiments.  It  is  very  advantageous  in  experi- 
menting  on  hearing  and  touch.  Successive  curves  are  superimposed,  so  that 
variations  in  the  time  of  successive  reactions  are  visible  at  a  glance,  and  can  be 
readily  measured.  By  photography  the  record  can  be  readily  printed  or  thrown 
on  a  screen  for  lecture  demonstrations.  The  reaction  times,  as  measured  by  the 
author's  methods,  differ  considerably  from  those  of  some  German  observers.  In 
observations  made  on  eight  intelligent  healtiiy  men,  varying  in  age  from  nineteen 
.to  sixty -two,  the  reaction  time  for  sight  varied  from  0*1662  second  to  0*2202  second, 
and  was  mostly  between  0*20  second  and  0*22  second.  The  reaction  time  for 
hearing  varied  from  0*1448  second  to  01980  second,  and  was  mostly  betwee" 
016  second  and  0-16  second.    The  reaction  time  for  touch  varied  ^m  0*14 
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second  to  0*1906  second  in  the  diflTerent  cases.  The  shortest  touch  reaction  time 
is  that  following  stimulation  of  the  cheek :  it  varied  from  0*141  second  to  0*167 
second.  When  the  skin  of  a  finger  was  stimulated  the  reaction  time  varied  from 
0142  second  to  0- 100  second,  hut  was  mostly  from  0-15  second  to  0*18  second  in 
the  different  cases ;  there  was  no  evident  relation  between  age  and  length  of  reac> 
tion  time  in  the  cartes  under  observation.  In  a  limb  the  reaction  time  is  generally 
longer  the  greater  the  length  of  sensory  nerve  traversed  by  the  impulse;  but  there 
may  be  considerable  variations  in  the  reaction  times  for  different  districts  in  the 
field  of  touch  not  explicable  by  difference  in  the  length  of  sensory  nerve  traversed, 
but  probably  due  to  difference  in  the  closeness  of  relation  between  centres  for  tactile 
sense  in  the  brain  and  the  motor  centre  for  the  hand.  It  mav  therefore  happen 
that  a  response  is  given  sooner  by  the  hand  when  its  skin  is  stimulated  than 
when  the  mucous  membrane  of  the  tongue  is  stimulated,  although  in  the  latter 
case  the  impulse  has  a  much  shorter  tract  of  sensory  nerve  to  traverse.  When  the 
right  hand  gives  the  response  the  shortest  reaction  times  for  hearing  and  touch  are 
obtained  by  stimulating  the  right  ear  and  right  side  of  cheek.  In  the  experiments 
on  sight  hoth  eyes  were  u.4ed  at  the  same  time.  The  influence  of  fatigue  on 
reaction  time  and  the  remarkable  restorative  efiect  of  tea  were  demonstrated  in  the 
photographs.  

5.  On  the  Microscopic  Appearance  of  Striped  Muscle  in  Best  and  in 
Contraction.    By  Professor  W.  Rutherford,  MM'jJSi&S* 


6.  On  Effects  of  Supran-enal  Eastract, 
By  Professor  E.  A.  Schafer,   F,B.S. 


7.  On  Epithelial  Changes  produced  by  Irritation.  By  D'Arcy  Power,  MA,^ 
M.B,  Oxon.^  F.B.C,S,y  Lecturer  on  Histology  at  the  Royal  Veterinary 
College. 

Mr.  Power  showed  a  series  of  preparations  of  the  conjunctival  and  vaginal 
mucous  membranes  taken  from  rabbits  and  guinearpigs  which  had  been  subject 
to  mechanical  and  chemical  irritation.  Many  of  the  epithelial  cells  present^ 
appearances  which  were  identical  with  those  described  as  being  parasitic  when 
they  were  met  with  in  cancer.  The  changes  in  the  epithelium  were  summarised 
as  a  general  vacuolation  of  cells ;  various  forms  of  intracellular  oedema ;  epithelial 
'  fNearls/  collections  of  leucocytes,  and  the  spaces  left  after  these  leucocytes  had 
migrated.  These  changes  he  had  already  described  and  figured  in  the  '  British 
Medical  Journal'  for  1893.  The  series  of  preparations  shown  on  the  present 
occasion  indicated  that  many  squamous  epithelial  cells  had  the  power  of  phago- 
cytosis, for  in  no  other  way  could  the  remarkable  intracellular  appearances  be 
explained,  and  he  showed  cells  containing  a  leucocyte,  and  others  containing  a 
microcyte.  Partial  necrosis  of  the  cell  also  took  place  as  a  result  of  irritation, 
and  there  was  an  invasion  of  large  eosinophDe  cells  into  the  conjunctival  epi- 
thelium. 

The  full  text  of  the  paper,  with  illustrations,  is  published  in  the  '  Journal  Of 
Pathology  and  Bacteriology  '  for  October  1894. 


SATURDAY,  AUGUST  11. 

The  following  Papers  were  read : — 

1.  On  Vowel  and  Consonant  Sounds.    By  D,  L.  Hebmann,  Professor  Of 
Physiology  in  the  University  of  Kimigsherg. 
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2.  On  an  Aerotonometer  and  a  Gda-hurette.^ 
By  Professor  LiftON  Fbedbbicq,  Li^e, 

The  air  which  enters  the  liinfr  is  rich  in  oxygen  (20*9  per  cent.)  and  poor  in 
carbonic  acid  (0*08  per  cent.)*  On  leaving  the  lung  it  is  relatively  poor  in  oxygen 
(18  per  cent,  in  dogs)  and  rich  in  carbonic  acid  (2  to  3  per  cent,  io  dogs),  it  has 
given  up  oxygen  to  the  blood  and  received  from  it  carbonic  acid. 

What  is  the  cause  of  this  gaseous  exchange  between  the  blood  and  the  air  of 
the  pulmonary  alveoli  P  Pfliiger  believed  that  he  had  succeeded  in  explaining 
this  exchange  by  the  simple  laws  of  gaseous  diffusion — ^laws  in  virtue  of  which 
each  gas  passes  from  a  medium  in  which  its  tension  is  high  towards  a  medium  in 
which  its  tension  is  low.  The  determinations  of  carbonic  acid  tension  made  by 
Pfliiger's  pupils  simultaneously  in  the  blood  by  means  of  the  aerotonometer  and  in 
the  air  of  the  pulmonary  alveoli  were  in  complete  harmony  with  this  explanation. 

Christian  Bohr  has  come  to  a  different  conclusion  on  this  subject.  According 
to  him,  gaseous  difiusion  alone  does  not  explain  the  exchange  of  gases  between 
the  blood  and  the  air  of  the  lung.  Bohr  has  found  in  several  of  his  experiments 
the  air  of  the  alveoli  richer  in  oxygen  and  poorer  in  carbonic  acid  than  in  the 
Iffterial  blood  leaving  the  lung.  According  to  Bohr,  the  tissue  of  the  lung  plays 
an  active  part  in  respiration :  the  pulmonary  epithelium  excretes  carbonic  ncid  by 
a  true  secretion  process,  and  passes  oxygen  into  the  blood,  not  in  accordance  wim 
the  laws  of  diffusion,  but  agamst  these  mws. 

I  have  recently  taken  up  this  subject  agtun,  and  in  doing  so  have  made  use 
of  the  aerotonometer  exhibited  to  the  Section,  which  is  a  modification  of  the 
instrument  of  Pfliiger.  The  apparatus  consists  essentially  of  a  sufficiently  long 
vertical  tube,  connected  above  with  the  carotid  of  a  living  animal  (an  anasstbetised 
dog),  and  below  with  a  vein.  The  arterial  blood  (which  has  previously  been 
rendered  incoagulable  by  the  injection  of  propeptone)  flows  continuously  over  the 
inner  surface  of  the  tufcle  of  the  aerotonometer,  which  is  kept  at  a  temperature  of 
38°  G.  If  the  experiment  lasts  sufficient  time  for  the  attainment  of  equality  of 
tension  of  the  gases  of  the  blood  and  those  enclosed  in  the  aerotonometer,  an 
analysis  of  the  latter  gases  will  indicate  the  tenuon  of  the  gases  of  the  blood. 
Bohr  believed  that  equality  of  tension  could  be  reached  in  a  few  minutes,  and 
thus  obtained  erroneous  results.  I  have  found  that  nearly  two  hours  are  necessary 
before  equality  of  tension  is  reached.  One  finds  then  that  the  air  of  the  aerotono- 
meter  contains  2  to  3  per  cent  of  carbonic  acid  and  12  to  14  per  cent,  of  oxygen, 
representing  the  tension  of  these  ga«es  in  the  blood  in  accordance  with  the 
diffusion  theory.  I  have  also  found  that  if  one  lets  the  animal  breathe  pure  or 
nearly  pure  oxygen,  the  tension  of  this  gas  in  the  arterial  blood  may  exceed 
00  per  cent,  of  an  atmosphere.  The  anuud,  nevertheless,  shows  only  a  slight 
tendency  to  apnoea;  it  continues  to  breathe.  Apnoea  is  thus  not  a  necessary 
result  of  a  very  high  oxygen  tension  in  arterial  blood.  This  is  a  fiust  which  seems 
to  me  very  important  in  connection  with  the  theory  of  apnoea. 

The  gas  analyses  were  made  with  a  gas-burette,  shown  to  the  Section,  which 
is  simplv  a  modification  of  that  of  Hempel.  The  burette  is  drawn  out  at  the  level 
where  the  readings  are  made,  so  as  to  permit  of  reading  easily  to  *02  or  '01  c.c. 
The  confining  liquid  is  water  (and  not  mercury),  which  gives  rise  to  scarcely  any 
error,  diffusion  of  gases  into  liauids  being  so  slow.  The  carbonic  acid  is  absorbed 
by  potash  solution,  the  oxygen  oy  phosphorus. 


3.  On  Local  Immunity,    (A  Preliminary  Communication.)^ 
By  Louis  Cobbbtt,  M.A.,  M.B.,  F.R.C.S.,  and  W.  S.  Mblbomb,  M.A,,  M,D, 

If  it  be  true,  as  there  seems  reason  to  beHeve,  that  recoyery  from  an  infectious 
disease  is  due  to  certain  changes  in  the  body,  which  make  it  more  resistant  to  the 
micro-organisms  which  cause  that  disease,  and  that  the  same  changes  are  also  the 

>  Yqt  further  detaUs  see  Cemtralhlattfar  Phytiologie^  1893,  vii.  p.  26;  1894,  viii.  p.  34. 
?  A  full  report  is  published  in  the  Journal  of  Pathology^  1894. 
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cause  of  subseauent  immumty,  the  well-known  fact  that  in  erysipelas  the  parte  first 
attacked  may  be  recoveriDg  while  the  disease  is  spreading  elsewhere  would  lead 
us  to  suspect  that  these  parts  have  learnt  to  resist  the  streptococcus  while  the  rest 
of  the  body  is  stiU  susceptible. 

To  inquire  whether  erysipelas  confers  any  such  local  immunity  was  the  object 
of  the  following  experimoDts: — 

Fourteen  rabbits  which  had  recently  suffered  from  erysipelas  in  the  right  ears 
were  again  inoculated  with  the  streptococcus,  this  time  in  both  ears.  In  each  case 
a  control  animal,  inoculated  at  the  same  time,  suffered  from  typical  erysipelas. 
The  results  were  as  follows:  Ltft  ears, — In  four,  only  a  little  redness  about  the 
seat  of  inoculation.  In  four,  erysipelas  commenced,  but  aborted  on  the  third  or 
fourth  day.  In  six,  typical  erysipelas.  Right  ears. — Inflammation  rapidly  appeared, 
affected  the  whole  part,  and  subsided  in  twenty-four  to  forty-eight  hours.  Culture 
experiments,  which  invariably  revealed  the  presence  of  streptococci  in  the  early 
stages  of  true  eryupelas,  showed  that  micro-organisms  were  absent  from  the 
inflamed  right  ears.  Thus  all  the  right  ears  showed  themselves  to  be  immune, 
while  nearly  one  hslf  the  left  ears  proved  as  susceptible  as  those  of  the  control 
animals.  Hence  we  conclude  that  the  first  attack  of  erysipelas  had  conferred  a 
very  complete  local  immunity.  That  erysipelas  confers  some  degree  of  ^neral 
immunity  is  already  well  known  from  the  work  of  Fehleisea,  Roger,  and  others. 

Further  experiments  showed  that  this  local  immunity  last^  only  so  long  as 
any  thickening  remained  in  the  ears  after  erysipelas.  Its  duration  depended,  there- 
fore, on  the  severity  of  the  first  attack. 

The  inflammation  which  resulted  from  inoculations  of  ears  previously  affected 
we  thought  to  be  a  reaction  against  the  poisons  actually  introduced,  and  not  due  to 
the  vital  activity  of  the  cocci,  because  we  could  obtain  no  evidence  that  these  had 
multiplied  and  invaded  the  ear.  This  opinion  was  put  to  the  test  by  injecting  into 
both  ears  of  animals,  which  had  recently  suffered  from  erysipelas  in  one  ear,  small 
quantities  of  concentrated  filtered  cultures,  and  in  one  case  tne  streptococci  them- 
selves destroyed  bv  heat.  In  these  experiments  a  somewhat  violent  inflammation, 
of  short  duration  (two  to  three  days),  resulted  in  the  right  ears,  and  a  less  severe 
but  more  prolonged  inflammation  in  the  left.  An  important  difference  was  in  the 
time  of  onset  of  this  inflammation,  which  in  the  previously  affected  ears  appeared 
many  hours  earlier  than  in  the  others ;  a  difference  siimiar  to  that  which  had 
already  been  observed  to  result  from  the  inoculation  of  living  cocci  under  the  same 
conditions.  Thus  it  appears  that  parts  which  have  recently  suflered  from  erysipelas 
become  more  quickly  and  intensely  inflamed  when  subjected  to  the  action  ot  the 
products  of  the  streptococcus  than  do  other  parts  of  the  same  animal.  And  when 
we  remember  that  tnis  tendency  to  inflammation  goes  hand  in  hand  with  a  notably 
greater  resistance  to  the  living  microbe,  we  are  led  to  regard  it  as  beneficial  in  its 
action,  and  an  important  factor  of  local  immunity ;  an  opinion  in  harmony  with 
that  already  expressed  by  Metchnikoff  and  others — viz.  that  inflammation  is  a 
protective  process. 

i,  A  Form  0/ FaspeHmentally-prodticed  Immunity. 
By  J.  LoRBAiN  Smith,  M,A,^  M.D,,  and  E.  Trevithick,  M.B. 

The  occurrence  of  fibroid  changes  in  the  lungs  when  these  are  due  to  the 
irritant  effect  of  inhaled  dust  is,  according  to  clinical  authorities,  associated  with 
increased  liability  of  the  lungs  to  infection  by  the  tubercle  bacillus.  On  the  other 
hand,  there  is  much  clinical  as  well  as  experimental  evidence  to  show  that  the 
condition  of  infiammation  in  the  tissues  is  in  general  accompanied  by  an  increased 
power  of  resisting  the  invasion  of  microbes. 

The  following  experiments  are  brought  forward  to  show  that,  in  its  early 
staares,  the  inflammation  due  to  irritating  dust  in  the  pleural  cavity  increases  the 
difficulty  of  infecting  the  animal  in  this  locality  witn  the  bacillus  pyocyaneus. 
The  experiments  were  made  on  guinea-pigs  and  rabbits. 

The  dust  (pounded  glass)  was  placed  in  a  bottle  containing  a  quantity  of 
water.  This  was  sterilised,  and  before  injection  the  dust  was  stirred  up  and  mixed 
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"with  the  water.  About  1*6  c.c.  of  tliis  miztme  was  drawn  into  the  injecting 
cannula.  The  cannula  consisted  of  a  piece  of  glass  tubing  drawn  to  a  sharp 
-point,  with  a  lateral  opening  a  short  distance  behind  the  point.  This  opening  was 
made  of  a  size  just  sufficient  to  allow  the  dust  to  pass  easily  through.  No  force 
was  needed  in  the  injection,  the  negative  pressure  due  to  the  inspiratory  act  being 
sufficient  to  suck  the  moisture  into  tne  cavity. 

The  effects  due  to  the  simple  dust  were  obeerred  in  several  animals  of  both 
kinds.  These  consisted  in  hypermmia  of  the  lung  with  exudation  of  fluid  and  red 
cells  into  the  alveolar  spaces.  There  was  also  exudation  of  fluid  into  the  pleural 
cavity  in  several  instances,  and  it  contained  usually  a  considerable  number  of  red 
cells  also.  To  some  extent  the  epithelium  covering,  the  pleural  surface  of  the  lung, 
was  thrown  ofi*  into  the  fluid. 

The  dust  was  rapidly  absorbed  into  the  lymphatic  vessels,  and  could  be  seen, 
even  after  twelve  hours,  as  small  round  yellowish  patches  in  the  pleural  membrane. 
These  when  examined  microscopically  were  found  to  contun  large  numbers  of 
glass  particles. 

The  injection  of  the  bacillus  pyocyaneus  followed  after  atime,  varying  from  one 
to  twenty-six  days. 

In  the  following  table  we  have  a  summary  of  the  observations. 

Ouinea-pigs. — Six  animals,  wi th  controls : — 
Two  recovered  completely. 
Three  survived  the  control  animals  for  a  period. 
One  was  a  contradictory  instance,  for  this  died  sooner  than  the  control 

animal. 
Rabbits, — Seven  animals,  with  controls : — 

Two  recovered,  the  controls  dying  on  the  second  day  after  infection. 
Three  survived  the  controls  in  two  cases  one  day,  and  in  one  case 

eight  days. 
Two  cases  in  which  the  bacillus  was  injected  into  the  opposite  pleural 

cavity.    One  died  with  the  control,  the  other  earlier. 

The  conclusion  which  is  derived  from  these  experiments  is  that  the  early  stages 
of  inflammatbn  confer  a  certain  amount  of  immunity  on  the  pleural  cavity  in 
which  the  inflammation  has  been  set  up.  It  does  not  seem  to  vary  in  its  protective 
power  during  the  first  month  or  so  after  the  inflammation  has  been  set  up.  In 
those  instances  where  there  was  not  complete  recovery  it  was  usuallY  found  that 
bacilli  occurred  to  a  much  greater  extent  in  the  pleural  exudation  of  the  control 
animals  than  in  that  of  those  infected  with  glass  dust. 

The  death  of  the  last  two  rabbits  points  to  the  £ftct  that  probably  the  protection 
conferred  is  strictly  localised  in  the  inflamed  tissues. 


5.  On  the  Changes  in  Nerve  Cells  due  to  Functional  Activity. 
By  GusTAv  Mann,  M,D, 


6.  On  the  Effect  of  Gravity  on  the  Circulation.     By  Dr.  L.  Hill. 


'7.  Experimental  Inquiry  upon  the  Different  Tracts  of  the  Central  Nervous 
System.     By  F.  W.  Nurr,  M.D. 

The  origin  and  termination  of  the  fibres  of  the  flUet  were  investigated  by  noting 
the  degeneration  resulting  from  unilateral  separation  of  the  nuclei  of  Ooll  and 
Burdach  from  the  aicifonn  fibres  issuing  therefrom.  The  degenerated  ardform 
£bres  were  traced  by  Biarchi's  method  into  the  opposite  interotivair  layer,  and 
itheooe  into  the  fillet.    The  degenerated  fibres  of  the  fillet  were  followed  mof 
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distinctly  into  the  optic  thalamus,  naasing  through  the  string  medollares.    Thej 
could  not  be  traced  beyond  this  to  the  cortex. 

The  author  aJso  gave  a  preliminary  account  of  some  experiments  relating  to  the 
antero-lateral  tract  of  Gowers.  He  considers  his  researches  so  fieur  show  that  it  is  a 
-crossed  tract,  consisting  in  the  main  of  fibres  prooeediDg  to  the  middle  lobe  of  the 
cerebellum,  but  also  containing  a  few  scattered  fibres  proceeding  from  the  posterior 
roots,  and  apparently  ending  in  the  corpora  qiuMlrigemina. 


MONDAY,  AUGUST  13. 
The  following  Papers  were  read : — 
1.  On  the  Mechanical  Theory  of  Lymph  Formation.    By  Dr.  Stablinq. 


2.  On  Lymph  Formation,    By  Walteb  S.  Lazarus-Barlow,  M,D. 

During  the  course  of  experiments  performed  in  the  Pathological  Laboratory^ 
University  of  Cambridge,  for  the  investigation  of  the  pathology  of  the  oedema 
which  accompanies  passive  congestion  the  author  was  led  to  examine  certain  of 
the  conditions  that  modify  the  flow  of  lymph  in  the  normal  animaL 

He  introduced  a  cannula  into  one  of  the  lymphatics  of  the  hind  limb  of  a  dog, 
and,  as  far  as  pos^ble,  ligatured  all  remaining  lymphatics.  The  limb  was  then 
emptied  as  completely  as  possible  of  lymph  by  rapid  and  firm  squeezing  from  the 
paw  upwards,  and  an  observation  was  immediately  commenced  upon  the  amount 
of  lymph  formed  in  the  limb  during  one  hour.  The  animal  was  under  A.C.E. 
mixture  and  was  kept  absolutely  at  rest,  excepting  tbat  coagulation  of  the  lymph 
in  the  cannula  was  prevented  by  occasional  ^ntle  squeezing  of  the  limb.  Imme- 
diately before  the  expiry  of  the  hour  the  hmb  was  again  emptied  of  lymph  as 
completely  as  possibly  by  firm  squeezing.  The  lymph  was  collected  in  carefully 
graduated  tubes,  and  the  amount  thus  obtained  was  regarded  as  the  normal  for 
the  individual. 

An  elastic  ligature  previously  arranged  round  the  limb  was  then  tightened  to 
such  an  extent  as,  it  was  known  from  other  experiments,  would  raise  the  pressure 
in  the  femoral  vein  from  the  normal  4-6  mm.  of  mercury  to  25-35  mm.  Exactly 
the  same  processes  were  carried  out  during  the  collection  of  lymph  under  these 
modified  conditions  as  were  described  for  the  normal  conditions.  The  duration  of 
increased  pressure  was  one  hour.  Lastly,  the  elastic  ligature  was  removed,  and 
the  amount  of  lymph  formed  in  an  hour  under  normal  conditions  was  again 
estimated. 

The  limb  was  therefore  as  free  as  possible  from  Ivmph  immediately  before 
beginning  and  inmiediately  before  ending  each  of  the  three  portions  of  the 
investigation. 

The  author  found  that  the  amounts  collected  in  the  three  periods  were  either 
absolutely  identical,  or  that  the  amount  collected  during  the  period  of  high 
venous  pressure  was  less  than  that  collected  when  the  pressure  was  normal.  On 
no  occasion  did  he  find  that  an  increase  of  venous  pressure  was  accompanied  by  an 
increase  in  the  amount  of  lymph-fiow. 

The  amount  of  lymph-now,  however,  being  the  product  of  two  fSzctora — viz.  the 
amount  of  fluid  poured  out  by  the  blood-vessels  and  any  modifications  in  that 
amount  introducea  during  the  sojourn  of  the  Ivmph  in  the  tissues — it  was  necessary 
before  concluding  that  an  increase  of  lymph-formation  does  not  accompany  an 
increase  in  venous  pressure  to  determine  whether  an  excessive  amount  of  fluid  had 
accumulated  in  the  tissues  in  the  form  of  oedema,  since  it  was  possible  that  the 
increased  venous  pressure  might  have  caused  an  increased  outflow  of  fluid  £rom 
the  capillaries  and  venules,  and  that  that  increased  outflow  might  not  have  ahovm 
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itaelf  in  an  increased  flow  from  the  Ijmphmtice,  because  it  was  in  part  stored  up  in 
the  tissues  as  oodema  fluid.  To  determme  this  point  ohserratioDs  of  the  specific 
^vities  of  arterial  hlood  and  blood-plasma,  venous  blood  and  blood-plasma,  of 
muscle  and  of  skin  were  taken  before  and  after  the  pressure  in  the  femoral  ydn 
was  raised.  It  was  found  that  these  underwent  no  changes  whatever,  either  in 
the  aflected  limb  or  in  other  parts  of  the  body  (with  the  exception  of  a  rise  in 
the  specific  gravity  of  the  venous  blood  and  blood-plasma  in  the  aflected  linib) 
during  venous  obstruction,  which  caused  a  rise  of  pressure  in  the  femoral  vein, 
varying  in  individual  cases  from  48-75  mm.  of  mercury.  The  modification  of 
specific  gravity  of  the  venous  blood  and  blood-plasma  in  the  aflected  limb  manifestly 
depends  upon  its  lengthened  sojourn  in  the  limb. 

The  author  concludes,  therefore,  that  increase  of  venous  pressure  in  a  limb  for 
one  hour  not  only  does  not  cause  an  increase  of  lymph-flow  n*om  the  lymphaticSi 
it  does  not.  even  cause  an  increased  passage  of  fluid  through  the  blood-veaBel  walls. 

Independently,  however,  of  the  venous  pressure,  the  amount  of  lymph-flow  is 
xncreasea  when  the  tissues  have  been  starved  for  some  time  or  are  overstocJced 
with  their  own  katabolic  products. 

The  following  conditions  were  investigated : — 

1.  Before  and  after  prolonged  complete  anssmia  (three  hours),  produced  by  an 
Esmarch's  bandage. 

2.  Before  and  after  hsemostasls,  or  complete  cutting  off  of  the  limb,  with  what- 
ever blood  and  lymph  it  might  contain,  from  the  rest  of  the  body  by  means  of  a 
tight  elastic  bandage  for  one  hour. 

8.  Before  and  after  stimulation  of  the  sciatic  nerve,  while  the  limb  was  com* 
pletely  anemic  and  persistence  in  situ  of  the  katabolic  products,  the  whole  lasting 
one  hour. 

All  these  conditions  Are  followed  by  arterial  dilatation  in  the  part;  and, 
inasmuch  as  arterial  dilatation  subsequent  to  section  of  the  sciatic  nerve  was  found 
by  the  author  to  be  unaccompanied  by  any  modification  in  the  amount  of  lymph- 
flow,  he  concludes  that  the  increase  occurring  under  the  conditions  given  above  ia 
immediately  conditioned  by  the  excessive  needs  of  the  tissues. 

Under  extreme  conditions,  such  as  those  just  given,  the  etTect  of  an  increase  of 
venous  pressure  is  markedly  difierent  from  what  it  is  when  such  conditions  have 
not  been  introduced,  for  now  an  increase  of  venous  pressure  is  accompanied  by  an 
increase  in  the  lymph-flow,  while  the  lymph-flow  diminishes  when  the  venous 
pressure  is  again  allowed  to  return  to  normal.  In  other  words,  the  lymph-flow 
now  varies  directly — ^the  author  cannot  say  whether  it  be  proportionately — ^with 
the  venous  pressure.  It  now,  therefore,  bears  some  resemblance  to  mechanical 
filtration.  Inasmuch,  however,  as  an  obstruction  to  the  outflow  of  blood  from  the 
venous  side  itself  intensifies  the  necessity  of  the  tissues  by  damming  up  in  them 
the  waste  products  they  are  so  anxious  to  get  rid  of,  this  resemblance  to  mechanical 
filtration  may,  after  all,  be  only  apparent. 

The  author  concludes,  therefore,  that  lymph-formation  does  not  depend  upon 
purely  mechanical  conditions  of  the  circulation,  but  he  regards  it  as  dependent 
upon  the  needs  of  the  tissues :  those  needs  are,  in  some  as  yet  unrecognised  way, 
made  known  to  the  circulatory  apparatus,  and  lead  to  variations  in  the  amount  of 
blood-flow  tbroujBfh  the  part,  in  extreme  cases  active  arterial  dilatation  of  the  most 
marked  kind  being  inouced.  In  such  extreme  cases,  further,  the  lymph-flow 
varies  directly  with  the  venous  pressure,  and  there  is  a  resemblance  to  mecnanical 
filtration ;  but  there  are  reasons  for  supposing  that  this  resemblance  is  an  apparent 
and  not  a  real  one.  

3.  On  the  Innervation  of  the  Portal  Vein, 
By  W.  M.  Batliss  and  Dr.  Starling. 


4.  On  some  Vaso-dUator  Reflexes.    By  W.  M.  Bayuss. 
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6.  On  tlie  'Produetion  of  Heai  in  Hibernating  Animals, 
By  Raphael  Dubois,  Professor  of  Physiology  in  the  University  of  Lyons, 

For  several  years  the  author  has  inTestigated  the  production  of  heat  in  the 
marmot  in  order  to  find  out  what  part  of  the  nervous  system  is  essential  for  the 
rapid  production  of  heat  which  takes  place  when  the  animal  wakes  up  from  its 
winter  sleep. 

Section  of  the  spinal  cord  at  the  level  of  the  fourth  cervical  vertebra  preventu 
the  animal  from  raising  its  temperature.  Destruction  of  the  grey  substance  of  the 
brain  produces  a  similar  effect.  If  the  section  of  the  spinal  cord  be  made  at  the 
level  of  the  seventh  cervical  vertebra  the  animal  grows  warm  slowly  and  incom- 
pletely ;  but  if  the  operation  be  performed  between  the  fourth  and  ilfth  dorsal 
vertebrae,  then  the  curve  of  the  rise  of  temperature  presents  the  normal  form. 
There  is  therefore  a  limited  portion  of  the  cord,  between  the  fourth  cervical  mod 
the  first  dorsal  vertebra,  through  which  pass  the  centripetal  or  centrifugal,  or  both, 
impulses,  placing  the  cortex  of  the  cerebral  hemispheres  in  communication  with  the 
rest  of  the  organism.  The  pathway  is  through  the  grey  substance  of  the  spinal 
cord,  for  section  of  the  antero-Iateral  or  of  the  posterior  columns  does  not  prevent 
the  animal  from  producing  heat,  whereas  destruction  of  the  grey  matter  in  this 
limited  portion  of  the  cord  produces  the  same  effect  as  total  section.  This  opera- 
tion produces  immediate  loss  of  the  power  of  movement  and  conscious  sensibility 
in  the  greater  part  of  the  body ;  but  the  absence  of  the  capacity  to  produce  heat 
must  not  be  attributed  to  this  sensory  and  motor  paralysis,  for  section  a  little 
lower,  at  the  fourth  dorsal  vertebra,  does  not  change  the  normal  curve  of  tempera- 
lure. 

The  section  ,of  the  cord  at  the  fourth  cervical  vertebra  abolishes,  on  the  one 
hand,  the  contractions  of  the  thoracic  muscles,  the  activity  of  which  is  very  great 
during  the  re  warming  and  insignificant  during  the  torpor ;  on  the  other  band,  it 
cuts  oft'  the  very  important  connections  of  the  sympathetic  system  with  the  higher 
centres.  If  the  cervical  sympathetic  be  cut  on  both  sides  above  the  inferior 
cervical  ganglion  there  is  no  very  marked  delay  in  the  production  of  heat,  whereas 
the  rise  of  temperature  is  very  slow  and  incomplete  when  the  inferior  cervical  and 
the  first  thoracic  cranglia  are  removed  on  both  sides.  These  ganglia,  however,  are 
only  connecting  linlu,  for  the  same  result  is  obtained  by  section  of  the  two 
splanchnic  nerves  or  of  the  branches  which  pass  directly  from  the  abdominal 
sympathetica  to  the  semilunar  ganglia.  Extirpation  of  the  semilunar  ganglia 
produces  the  same  result  as  removal  of  the  interior  cervical  and  first  thoracic 
-ganglia. 

Experiments  show  that  it  is  by  acting  upon  the  portal  system  that  the  sympa- 
thetic shares  in  the  general  process  of  heat  production.  It  regulates  the  quantity 
and  pressure  of  the  blood  which  flows  to  the  liver,  and  in  this  manner  the  produc- 
tion of  heat  in  the  liver  and  the  transformation  of  glycogen  into  sugar,  to  be 
utilised  for  combustion  when  the  animal  awakes.  The  thoracic  muscles  become 
exceedingly  active  when  the  animal  awakes,  and  thus  require  more  glycogen  or 
other  combustible  material  for  their  contraction. 

A  full  account  of  this  research  will  shortly  be  published  in  '  Lea  Annales  de 
VUniversit^  de  Lyon.' 


€.  On  'Pigeons'  Milk.'    By  E.  Watmouth  Rbid,  Professor  of  Physiology 
in  University  College,  Dundee, 

John  Hunter  (1786)  discovered  the  fact  that  pigeons  feed  their  young  for  some 
•days  after  hatching  upon  a  substance  resembling  the  curd  of  milk,  and  formed  in 
die  lateral  pouches  of  the  crop  of  both  cock  ai^  hen.  This  method  of  feeding  is 
AS  yet  only  Known  in  this  tribe  of  birds. 

Okude  Bernard  (1869)  studied  the  nature  of  the  substance,  and  found  that 
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microscopically  it  consiated  of  masses  of  the  epithelial  scales  of  the  crop  mucosa, 
loaded  with  fat  globules.    An  analysis  made  for  Bernard  by  Leconte  gave — 

'Casein 'and  salts 23*23      ' 

Fat 10-47 

Water 6G-30 

No  sugar  was  present — a  fact  noted  also  by  Hunter. 

Hasse  (1865)  and  more  recently  Max  Teichmann  (1889)  have  also  written  on 
the  subject  from  the  histological  point  of  view. 

The  lateral  pouches  of  the  crop  of  the  non-breeding  pigeon  are  not  glandular ; 
the  epithelium  is  stratified  and  free  from  fat,  the  submucosa  provided  with  small 
vascular  papillae. 

The  cnange  in  the  crop  membrane  necessary  for  the  formation  of  the  '  milk  * 
commences  during  the  incubation  of  the  eggs,  and  though  not  visible  to  the  naked 
eye  till  two  or  three  days  before  hatching,  makes  itself  evident  by  the  appearance 
of  fat-droplets  in  the  cells  ten  days  l)efore  this  event.  The  main  change  consista 
in  a  great  thickening  of  the  epithelium,  accompanied  by  rugose  folding  with  reticu- 
lation, while  at  the  same  time  the  structure  becomes  enormously  vascular  and 
capillaries  penetrate  the  epithelial  layers  (Hasse  and  Teichmann). 

Small  pellets  of  curd-like  matter  form  in  the  pits  of  the  reticulated  surface,  and 
as  soon  as  the  young  are  hatched  these  are  transferred  by  the  parents  to  the  crops 
of  the  '  squabs,'  often  to  the  extent  of  40  percent,  of  the  weight  of  the  bodies  of  the 
younjT. 

In  its  histological  features  the  process  of  formation  of  the  ^  milk '  resembles  more 
closely  that  of  the  formation  of  sebum  than  of  milk,  for  whole  masses  of  fat-holding 
cells  are  cast  off  from  the  walls  of  the  pits  in  the  membrane ;  yet,  unlike  tho 
sebaceous  process,  the  nuclei  of  the  cells  persist. 

Interpapillary  involutions,  then,  of  the  thickened  stratified  epithelium  of  the 
crop  act  as  sebaceous  glands  during  the  period  of  formation  of  the  *  milk.' 

This  period  lasts  for  from  seven  to  nine  days  after  hatching,  and  the  maximum 
of  activity  is  reached  about  the  second  day  after  hatching. 

The  young  are  fed  almost  exclusively  on  this  substance  for  the  first  three  days, 
though  a  few  crushed  grains  are  also  supplied  by  the  parents.  The  parents  appear 
to  crush  the  grains  at  first,  though  later  they  are  supplied  whole.  This  fact  i» 
accounted  for  by  the  condition  of  the  gizzard  membrane  of  the  early  *  squab,'  for 
the  homy  secretion  of  the  tubular  glands  of  the  mucosa  takes  some  days  to  con 
solidate.  No  digestive  ferments  are  supplied  by  the  parents  along  with  the  *  milk,^ 
and  the  proventriculus  of  the  young  '  squab '  pi^reon,  even  at  twelve  houn,  is  rich 
in  proteolytic  ferment,  its  glycerine  extract  digesting  fibrin  with  ease.  The  cropa 
of  neither  adult  (breeding  or  non-breeding)  nor  youn^  birds  form  any  amylolytic 
or  proteolytic '  ferment ;  in  both  cases,  however,  multitudes  of  bacteria  and  cocci 
are  present,  and  the  acidity  of  the  contents  (reaction  of  Ufi'elmann,  but  no  reaction 
with  phloroglncin  and  vanillin)  is  probably  due  to  lactic  fermentation.  Th» 
pancreas  of  the  ^  squab '  is  capable  of  digesting  starch  at  the  time  of  hntching. 

In  the  '  squab  the  cell  bodies  of  the  'milk'  are  dissolved  otF  by  the  secretion 
of  the  proventriculus,  and  the  fat  set  free  in  the  gut  is  found  iu  the  cells  of  the  villi, 
and. also  in  the  leucocytes  of  the  blood.  The  faeces  of  the  'squab'  are  fat-free, 
though  at  an  early  stage  they  contain  considerable  proteid. 

Though  sugar  is  undoubtedly  absent  from  the  '  milk,'  a  young  '  squab '  pigeon 
before  it  hss  received  any  food  contains  sugar.  In  one  case  a  triple  alcoholic  ex- 
tract  of  a  minced  and  finally  pulverised  'squab'  yielded  over  '2  per  cent,  of  its 
body  weight  of  reducing  sugar,  while  a  subsej^u^'nt  triple  aqueous  extract  gave  *16 
per  cent,  of  the  body  weight  of  an  amylose  yielding  sugar  on  boiling  with  dilute 
aolphuric  acid.  This  amylose  struck  no  colour  with  iodine,  and  attempts  to  demon- 
strate glycogen  in  the  bodies  of  unfed  '  squab '  pigeons  have  failed,  though  ^ 
pectoral  muscles  of  adult  birds  are  very  rich  in  this  substance.  ii/thii 

As  regards  the  proteids  of  the  '  milk,'  extracts  with  '  normal  saline  f 
by  triturati.n  and  digestion  with  thymol  at  40**  C.  show  absence  oiLj.       rm^ 
proteoses,  and  peptones;  presence  of  globulin  and  of  caseinogen  (clr'        ^' 
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•with  and  without  caldc  chloride).  The  chi<»f  proteid,  however,  appears  to  be  of  the 
nature  of  nndeo-Albumin  (Ha11iburton*8  aodio-chloride  method).  Mucin  ia  present 
in  yariable  amount,  and  originates  from  the  fclands  of  the  euUet  below  the  crop. 
Tliese  glands  enlarge  and  become  more  active  during  the  feeding  of  tha  young. 

The  young  pigeon  is,  then,  fed  at  first  upon  a  highly  nutritious  food,  whose 
solids  consist  in  tne  main  of  nucleo-albumin  and  fat.  The  explanation  of  this 
peculiar  process  lies  in  all  probability  in  the  fact  that  since  pigeons  reaa  so  many 
Droods  in  a  season  the  young  must  he  brought  forward  faster  than  could  resiiU 
Irom  mere  grain  feeding,  and  hence  a  magnificently  nutrient  diet  is  supplied. 
When  a  cock  or  hen  '  in  milk'  is  separated  from  the  young  the  involution  of  the 
crop  changes  occurs  with  great  rapidity,  for  within  twenty-four  hours  the  temporary 
'  seoaceous  glands '  are  loosened  and  cast  ofi^,  the  hypertrophied  papillss  which  lie 
between  them  being  subsequently  reduced.  Such  birds  swallow  tneir  own  '  milk ; ' 
their  villi  contain  more  fat  than  normal  birds,  and  fatty  leucocytes  are  seen  in 
abundance  in  the  blood. 

Some  days,  however,  after  separation,  though  the  gross  changes  in  the  cropi 
membrane  have  disappeared,  fatjty  cells  are  found  in  the  epithelium. 

The  *  miUk '  in  the  crops  of  such  separated  birds  is  also  in  finer  particles  than 
normal  and  poorer  in  solid  constituents! 

A  few  quantitative  analyses,  kindly  made  for  me  by  my  colleague  Mr.  F.  J. 
Hambly,  are  appended : — 


— 

A. 

From  crop  of  a 

4- hour  * squab* 

pigeon 

B. 

From  crop  of  a 

12-hoar<8qaab' 

pigeon 

C. 

From  crop  of  a 

51-hoar<8qaab* 

pigeon 

D. 
From  crop  of  ben 
feedinir4<8qaabs' 
forGd  hours  with- 
out aid  of  eock 

%Milk 

%  Solids 

%Milk 

%  Solids 

%MiIk 

%  Solids 

%MiIk 

%SoUds| 

Water  .    .    . 

Fat.     .     .    . 

Ash.    .    .    \ 

Proteids     .    J 

79-33 
7-74 

12-93 

37-4 
62-6 

77-91 

816 

f  1-11 

I  12-83 

36-9 

50 

681 

73-98 
9-32 
106 

15-64 

35  8 

41 

601 

84-51 

3-99 

•91 

10-59 

-  1 
25-8     ; 

5-9  ■ 
68-3     , 

— 

10000 

10000 

10000 

1000 

100-00 

100-0 

10000 

100-0     1 

Total  solids  . 

20-67 

— 

22-09 

—         2G02 

— 

15-49 

1 

7.  On  the  Structure  of  Striped  Mvscle.    By  Professor  J.  B.  Haycraft. 

The  cross-striping  of  muscle  is  due  to  the  form  of  the  fibril  and  not  to  its 
internal  structure.  The  fibril  is  like  a  beaded  rod,  and  the  striping  is  the  optical 
expression  of  this.  The  proof  of  this  is  obtained  by  stamping  moist  collodion 
with  a  piece  of  muscle.  The  collodion  stamp  preserves  the  form  of  the  fibrils, 
and  shows  identically  the  same  cross-striping  to  the  minutest  detail.  The  stamp 
and  their  photographs  were  demonstrated.  In  one  a  fibril  had  been  stamped  m 
which  one  part  alone  was  in  the  condition  of  contraction,  and  every  detail  of  the 
striping,  hoth  in  the  relaxed  and  contracted  conditions,  was  identically  reproduced. 


TUESDAY,  AUGUST  14. 

1 .  A  juipt  meeting  with  Section  A  was  held  to  discuss  the  following  Papera 
<Uiy?Cofessor  Oliver  Lodge,  F.II.S. 

the  ^^ta  ^Experiments  illustrating  Clerk  MaxwdVa  Theory  ofLiahi. 
AS  yet  onI>      .     Electrical  Theory  of  Vision. 


mude  Bel**  ^^^^^^'^^  Theory  of  Vision. 
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The  following  Fbpen  were  read : — 

2.  On  a  Mod^cation  of  GolgVa  Methods,    By  Oliter  S.  Strong,  oj 
Columbia  College^  New  York, 

Golgi'fi  methods  may  he  divided  into  two  principnl  heads :  (1)  The  sublimate 
method,  consisting  essentially  of  hardening  in  hichromate  of  potash  followed  hy 
immersion  in  hichloride  of  mercury.    This  method  need  not  he  further  noted  here. 

(2)  The  silver  methods,  consisting  of  (a)  the  long,  or  slow,  method,  consisting 
of  haidening  for  ahout  twenty  to  thirty  days  in  potassium  hichromate  followed  hy 
immersion  in  a  solution  of  silver  nitrate.  (6)  The  rapid  method,  where  the  har- 
dening is  done  in  a  mixture  of  bichromate  and  osmic  acid.  This  is  the  method^ 
slightly  modified,  which  is  so  extensively  used,  and  is  the  method  used  by 
Kamon  y  Oajal.  (c)  What  may  he  designated  the  mixed  method,  or  combined 
method,  and  consists  in  hardening  first  for  a  few  days  or  a  week  or  so  in  potassium 
bichromate,  then  a  day  or  two  in  the  osmium-bichromate  mixture,  and  finally  the. 
immersion  in  the  silver  bath. 

The  rapid  method  is  the  best  yet  discovered  for  work  on  the  peripheral  ter- 
minations of  nerves  and  for  the  embryonic  central  nervous  system.  Tor  adult' 
brains  it  is  not  so  well  adapted  owing  to  the  poor  penetration  of  the  osmic  acid^ 
and  consequent  lialulity  to  overharden  the  penphery  while  the  central  portions  ot 
even  snudl  pieces  remain  untouched.  Moreover,  adult  brains  are  not  well  adapted 
for  the  study  of  the  nervous  or  axis  cylinder  prolongations  of  the  cells,  owinff 
probably  to  their  sheath,  so  that  on  such  material  study  by  these  methods  wotdd 
be  chiefly  directed  to  the  cell  bodies  and  their  protoplasmic  expansions.  For 
such  purposes  the  long  Golgi  method  is  eminently  adapted. 

While  the  long  Golgi  method  avoids  the  disadvantages,  including  the  expense 
— ^no  small  consideration  where  such  quantities  are  used — of  osmic  acid,  it  has  the 
disadvantage  of  requiring  about  a  month,  besides  the  uncertainty  common  to  all 
these  methods. 

In  order  to  reduce  this  period  of  time,  and  yet  to  avoid  the  use  of  osmic  acid,  the 
new  method  here  proposed  for  the  study  of  adult  brains  is  the  use  of  bichromate  of 
lithium  instead  of  the  bichromate  of  potassium,  with  the  same  percentages.  I  have 
found  that  tissues  (small  pieces)  placed  in  the  former  reach  the  favourable  stage  of 
hardening  for  the  silver  impregnation  in  the  course  of  one  to  two  days,  instead  of 
twenty  to  thirty  days.  It  passes  through  this  favourable  period  quite  rapidly,  but 
the  whole  process  is  reducidd  to  such  a  short  time  that  it  is  rendered  much  less 
tedious.  The  pictures  yielded  by  this  process,  judging  from  the  few  made  thus 
fiir,  are  certainly  fully  equal  to  those  prepared  by  the  other  methods. 

The  subsequent  treatment  is  as  in  the  other  methods,  f.e.,  Uie  piece  of  tissue 
is  rinsed  in  strong  alcohol,  cut  free  hand  or  gummed  on  a  block  without  any 
imbedding,  and  cut  with  a  microtome.  The  sections  are  washed  in  several 
changes  of  strong  alcohol,  cleared  in  oleum  origanum  Cretici,  washed  briefly  in 
xylol,  and  mounted  in  dammar  or  Canada  balsam,  thinned  with  xylol,  without  a 
covw  flip. 

It  would  be  interesting  to  ascertain  how  well  adapted  this  new  hardening 
reagent  would  be  for  preparing  the  central  nervoua  system  for  other  methods  of 
staining,  6.^.,  the  Weigert  method. 


3.  On  an  Attempt  to  supply  Motor  Power  to  the  Muscles  of  the  Larynx  from 
a  New  Source,  By  Veterinary-Captain  F.  Smith,  F,B,C,  V.S,^  FJ.C, 
Army  Veterinary  Department^  Aldershot, 

The  subject  used  in  these  observations  was  the  horse,  the  inquiry  having  in 
view  the  possible  relief  of  the  respiratory  distress  so  common  in  this  animal  as  the 
result  of  laryngeal  paralysis. 

The  new  source  of  nerve  supply  was  sought  for  in  the  spinal  accessory.    The 
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leeurrent  and  spinal  accessoiy  were  exposed  and  divided,  and  tlie  proximal  end 
of  the  accessory  was  satured  to  the  distal  end  of  the  recurrent. 

The  only  convenient  test  which  could  be  employed  to  ascertain  what  progiQes 
the  animal  was  making  after  the  operation  was  that  afforded  by  galloping  it. 

In  one  case,  a  few  months  after  the  above  nerves  had  been  united,  there  was 
only  a  slight  harshness  in  the  breathing  during  inspire tion,  even  when  the  horse 
was  severely  *  pressed ; '  whereas,  unless  nerve  impulses  were  passing  down  the 
accessory  and  through  the  recurrent  to  the  larynx,  tne  animal  should  have  suffered 
from  intense  dyspnoea,  as  the  whole  of  the  dilator  muscles  of  one  side  of  the  larynx 
would  have  been  paralvsed. 

In  a  second  case,  the  recurrent,  before  suture  to  the  accessory^  was  known  to 
have  been  degenerated  for  at  least  two  years.  This  animal  continued  to  have 
noisy  breathing  up  to  the  time  it  was  destroyed  (twelve  months  after  the  operation), 
but  it  was  unaccompanied  by  distress. 

In  the  first  case  only  an  ordinary  post-mortem  examination  was  made  to 
ascertain  whether  the  nerves  were  united ;  in  the  second  horse  the  nerves  were 
stimulated  electrically  immediately  after  death;  and  a  careful  microscopical 
examination  of  the  parts  made. 

On  stimulating  that  portion  of  the  recurrent  in  connection  with  the  larynx 
the  muscles  actively  responded;  on  stimulating  the  accessory  well  above  the 
nodule  uniting  it  with  the  recurrent,  the  muscles  of  the  larynx  again  actively 
responded. 

These  observations  were  repeated  several  times  by  Professor  Del^pine,  of 
Manchester  (who  kindly  associated  himself  with  me  as  an  independent  observer 
in  the  pott-morttm  examination),  and  the  results  are  beyond  doubt. 

The  muscles  of  the  larynx  of  the  above  case,  supplied  by  the  accessory- 
recurrent  nerve,  were  smaller  and  decidedly  paler  in  colour  than  the  healthy  ones 
on  the  opposite  side ;  on  directly  stimulatmg  the  muscles  every  portion  of  them 
actively  responded  to  a  weak  current. 

Professor  Del^pine  examined  the  united  nerves  microscopically,  and  found  in 
the  recurrent  between  the  point  of  union  and  the  larynx  small  bundles  of  medul- 
lated  nerve  fibres  and  an  amount  of  epi-  and  peri-neurmm  larger  than  normal.  The 
place  occupied  by  the  old  funiculi  was  quite  distinct^  but  the  nerve  fibres  occupied 
only  a  portion  of  the  spaces  thus  indicated.  The  nerve  fibres  were  all  of  smaller 
diameter  than  normal ;  most  of  them  had  a  very  thin  myelin  shesth  which  stained 
well  with  osmic  acid.  Professor  Del^pine  was  of  opinion  from  this  and  the  other 
observations  that  partial  regeneration  had  certainly  taken  place,  and  that  regenera- 
tion was  progressing  at  the  time  of  death. 

By  the  tests  employed  it  was  not  possible  to  say  whether  co-ordination  of  the 
laryngeal  muscles  occurred,  but  it  is  proposed  in  future  observations  to  examine 
closely  into  this  subject,  and  employ  the  laryngoscope  to  ascertun  whether  the 
impulses  to  the  larynx  are  sent  at  the  right  moment. 

At  present  it  would  almost  appear  to  be  possible  to  educate  a  nerve  centre  to 
perform  a  duty  it  was  never  intended  for. 


4.  On  the  Causes  and  Prevention  of  Suffocation  in  Mines,    By  J.  S. 
Haldane,  M,A,y  M,D.,  Lecturer  on  Physiology,  University  of  Oxford, 

Evidence  was  brought  forward  by  the  author  that  most  of  the  deaths  caused 
by  colliery  explosions  and  fires  in  the  workings  are  due  to  sufi'ocation,  so  that  a 
thorough  in  <  t  stis'ation  of  the  subject  is  of  ^eat  practical  importance. 

He  concluded  that  poisoning  by  carbomc  acid  is  never  the  cause  of  death  in 
cases  of  suffocation  by  choke-damp,  black-damn,  or  after-damp ;  that  deprivation 
of  oxygen  is  always  the  cause  in  the  cases  of  choke-damp  or  black-damp,  and 
usually  the  cause  in  the  case  of  after-damp,  although  after-damp,  even  when 
much  diluted,  is  sometimes  poisonous  from  tke  presence  in  it  of  products  of  in- 
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complete  eombustion,  guch  as  carbonic  oxide  or  aulphoretted  hydrogen.  He  also 
discussed  the  effects  of  white-damp,  and  drew  attention  to  the  exceedingly  poisonous 
character  of  the  gases  from  the  explosion  of  blasting  powder. 

In  conclusion  he  described  and  exhibited  a  portable  apparatus  for  enabling 
miners  to  escape  through  an  atmosphere  of  after-damp  to  the  fresh  air  in  the 
neighbourhood  of  the  shafts,  and  for  rescue  purposes. 


6.  Observations  on  the  Effects  of  After-damp. 
By  J.  Shaw  Lyttlb,  M.D. 

The  writer  gave  a  detailed  account  of  the  symptoms  presented  by  those  who 
were  found  alive  after  the  recent  explosion  at  the  Albion  Steam  Colliery. 


6.  Experiments  on  Memory,    By  W.  G.  Smith,  M.A.^  Fh.D, 

If  we  examine  any  case  of  ready  and  accurate  recollection  taken  from  our  daily 
experience,  we  find  it  difficult,  if  not  imposuble,  to  say  how  much  of  this  accuracy 
is  due  to  such  factors  as  the  interest  which  the  experience  aroused,  the  attention 
which  we  paid  to  it,  the  amount  of  effort  and  time  spent  during  the  experience. 
The  following  experiments  were  carried  out  with  the  view  of  trying  to  isolate 
experimentally  the  process  of  attention,  and  showing  what  changes  in  recollection 
occur  when  various  kinds  of  distraction  of  attention  are  introduced.  The  experi- 
ments were  begun  in  the  Institute  for  Experimental  Psychology  in  Leipzig,  and 
have  been  carried  on  in  the  Physiological  Laboratory  in  Oxford. 

After  a  considerable  number  of  preliminary  experiments  had  been  made,  the 
following  method  was  adopted.  Twelve  letters  of  the  alphabet,  arranged  in  such 
A  manner  that  intelligible  words  or  interesting  ideas  should  not  readily  be  sug- 
gested, were  written  upon  a  card,  so  as  to  form  three  lines.  The  card  was  shown 
to  the  reagent,  who  then  tried  to  learn  what  was  written  on  it.  In  each  new 
experiment  a  new  combination  of  letters  was  employed.  By  making  a  sufficiently 
large  number  of  observations  with  different  persons,  one  can  eliminate  to  a  con- 
siderable extent  the  fallacies  arising  from  varying  difficulty  or  familiarity  of  the 
combinations  employed.  The  card  was  shown  in  every  case  for  ten  seconds,  and 
the  reagent  was  required,  either  immediately  after  he  ceased  to  see  the  card  or  after 
an  interval  of  about  two  seconds,  to  reproduce  as  much  as  he  could  remember  of 
what  he  had  seen. 

A  dbtinct  and  at  the  same  time  fairly  simple  form  of  distraction  was  secured 
by  making  the  reagent  repeat  the  series  2, 4,  6,  8  , .  .  ,  or  more  rarely  3,  C,  0  . . . , 
while  he  was  learning  the  letters  on  the  card.  In  order  that  the  person  in  charge 
of  the  experiments  might  have  an  effective  control  over  the  activity  of  the  reagent, 
the  series  had  to  be  repeated  aloud,  and  each  step  in  the  addition  wss  made  to 
coincide  with  the  stroke  of  a  metronome  going  at  the  rate  of  sixty  to  seventy  beats 
per  minute.  In  order  to  compare  the  results  of  this  form  of  distraction  with  those 
gained  where  the  vocal  organ  was  employed,  but  the  mental  effort  involved  was 
very  small,  the  reagent  was  next  recjuired  while  memorising  to  repeat  aloud  with 
each  beat  of  the  metronome  an  unintelligible  syllable,  e.ff.,  *  la.'  This  form  of 
distraction  was  further  compared  with  that  caused  b^  activity  of  another  set  of 
muscles,  viz.,  those  employed  in  tapping  the  table  with  the  forefinger,  each  tap 
coinciding  with  a  beat  of  the  metronome.  Lastly,  experiments  were  carried  out 
to  show  the  effect  of  memorising  without  any  distraction  save  that  due  to  the  fact 
that  l^e  metronome  continued  to  beat.  These  four  variations  were  given  in  varying 
order  one  after  the  other,  and  were  so  arranged  that  8,  12, 10,  or  20  experiments 
were  made  in  one  hour. 

In  calculating  the  value  of  the  results  two  methods  were  applied.  The  first 
resembles  that  employed  by  Miinsterberg  (^  Beitrage  zur  experimentellen  Psycho- 
logic'),  and  consists  in  summing  up  the  errors  committed  in  reproducing  the 
letters  written  on  the  card.  The  errors  were  classified  as  follows : — (1)  Omission 
of  a  letter;  (2)  insertion  of -a  wrong  letter;  (3)  disphu^ment  of  a  letter  or  repro- 
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daction  in  .wroc^  order.  AccordiDpr  to  the  secoDd  method,  which  resembles  that 
commonly  employed  in  estimating  the  value  of  answers  to  examination  papers,  a 
greater  value  is  assigned  to  letters  according  as  they  correspond  more  exactly  to 
what  was  written  on  the  card.  A  letter  which  was  given  in  a  wrong  position  or 
without  any  hint  as  to  its  position  had  the  value  1  attached  to  it.  When  a  certain 
imperfect  knowledge  of  its  position  was  present,  as  when  it  was  located  in  the  right 
line  or  in  the  right  order  in  a  group  of  letters  whose  correct  poeition  was  unknown, 
the  value  2  was  given.  Each  letter  counted  3  when  everything  was  correct. 
Letters  wrongly  inserted  were  disregarded.  From  an  analysis  of  the  results  g^ven 
by  the  first  method  it  appeared  that  the  number  of  insertions  does  not  vary  very 
much,  and  only  in  a  few  cases  has  an  important  influence  on  the  results. 

All  the  results  of  over  five  hundred  experiments  made  with  nine  observers  have 
been  analysed  according  to  the  two  methods,  and  the  results  agree  except  in  a  few 
cases. 

The  general  conclusion  is  that  the  memory  is  worst  when  the  reagent  performs 
the  simple  sum  in  addition  (1) ;  it  is  better  when  the  distraction  is  caused  by 
exercise  of  the  vocal  organ  (2) ;  that  caused  by  movement  of  the  forefinger  (3) 
does  not  make  the  recollection  much  worse  than  it  is  when  the  observer  is  not 
distracted  at  all  (4).  This  statement  holds  good  with  only  a  few  exceptions  for 
every  reagent,  and  is  confirmed  by  the  subjective  observations  given  in  reply  to  the 
questions  which  were  frequently  asked,  the  average  of  the  results  given  by  the 
nine  persons  who  assisted  iu  the  experiments  is  as  follows :  the  upper  line  gives 
the  values  according  to  the  first  method,  the  lower  the  values  according  to  the 
second  method  of  calculation — 

(1)  (2)  (8)  W 

97  8-7  7-96  7-4 

12-9  16-3  18-6  21-2 

An  analysis  of  the  errors  shows  that  the  curve  of  errors  of  omission  follows 
closely  that  of  the  total  number  of  errors :  the  other  two  kinds  of  error  are  much 
less  numerous,  and  do  not  show  any  very  important  variation.  A  detailed  analysis 
of  the  results,  together  with  a  discussion  of  their  meaning  and  value,  will  be  given 
in  a  future  number  of  Mind, 

7.  On  Typhoid  Bacilli  in  Water.    By  Dr.  L.  Olitibb. 


WEDNESDAY,  AUGUST  15. 
The  following  Papers  and  Report  were  read : — 

On  8ome  Physiological  Effects  of  the  Passage  of  Rapidiy-aUemating 
Currents  of  great  Intensity  through  Nerve.  By  Professor  Oliver 
LoDQB,  F.B.S.,  and  Professor  F.  Gotch,  F.B.S. 


2.  On  a  New  Spring  Kymograph  and  Polyrheotome, 
By  Professor  T.  W.  W.  Engeluann. 


3.  On  the  Production  unth  the  Capillary  Electrometer  of  Photographic 
Records  of  CurretUs  prodv4xd  by  Speaking  into  a  Telephone,  By 
G.  J.  BURCH. 

4.  Report  o/tJie  Committee  on  the  Structure  and  Function  of  the 
Mammalian  Heart, — See  Reports,  p.  464. 
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Abelian  system  of  differential  equations, 
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by  W.  R.  Westropp  Roberts,  657. 


ABEBGfBOMBT  (Hon.  R.)  on  meteorological 
observations  on  Ben  Nevis,  108. 

Abnet  (Capt.  W.  de  W.)  on  the  best 
methods  cf  recording  the  direct  inten- 
sity of  solar  radiation^  106. 

on  the  action  of  light  upon  dyed 

colours,  238. 

on  wave-length  tables  of  the  spectra 

cf  the  elements  and  compounds,  248. 

Adams  (Prof.  W.  G.)  on  practical  electri- 
cal standards,  117. 

Addition  theorem.  Prof.  Mittag-Leffler 
on  the,  561. 

Aerotonometer  and  gas-burette,  Prof.  L. 
Frederioq  on  an,  807. 

Africa,  trt^ical,  the  climatologieal  and 
hydrographical  conditions  of,  third 
report  on,  348. 

After-damp,  Dr.  J.  Shaw  Lyttle  on  the 
effects  of,  817. 

Agriculture,  co-operation  in,  Harold  Moore 
on,  736. 

Air,  experiments  to  find  if  subtraction  of 
water  from,  electrifies  it,  Lord  Kelvin," 
M.  Maclean,  and  A.  Gait  on,  551. 

♦ ,  a   new  gaseous   constituent  of„ 

Lord  Rayleigh  and  Prof.  W.  Ramsay 
on,  614. 

Alcyoniwn,  the  development  of,  Br,  S.  J: 
Hickson  on,  345. 

Aldehyde,  phosphorus,  and  sulphur,  the 
rate  of  oxidation  of,  Dr.  T.  Ewan  on, 
609. 

Algae,  some  chalk-forming  and  chalk- 
destroying,  by  Prof.  T.  Johnson,  683. 

,  two  Irish  brown,  by  Prof.  T.  John- 
son, 683. 

♦ ,  an  exhibition  of,  by  A.  Churchy 

684. 

Allen  (E.  J.)  on  the  later  stages  in  ths 
development  of  decapod  Crvitacea,  345, 

• (Prof.  F.  J.)  on  mirror  writing, 

793. 
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687. 
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by  H.  Y.  Oldham,  715. 
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J.  B.  Cohen  on,  625. 

AmphioxuSt  the  species  of,  J.W.  Kirkaldy 
on,  685. 
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(Dr.  Tempest)  on  the  eollectiont 
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eUetrieal  etandards,  117. 
on  the  teaching  of  eeienee  in  elemen' 

tary  iohooUf  859. 

on  mirrois  of  magnetism,  574. 

* on  some  advantages  of  alternate 

currents,  766. 
^Thomson  (Prof.  Arthnr),  notes  on  skin, 

hair,  and  pigment,  778. 
(Basil  H.),  on  the  pantheon  of  the 

Fijians,  786. 
(John)  on  geographical  photography, 

714. 
(Prof.  J.  J.)  on  praetieal  eleetrieal 

itandardg,  1 17. 
the  eonneetion  bettceen  ehemieal  eom- 

hination  and  the  dieehairge  cf  eleetrieity 

throftffh  gasee,  482. 
* on  the  velocity  of   the  cathode 

rays,  682. 
Thorpe  (Dr.  T.  B.)  on  the  action  of 

light  vpon  dyed  eoUntrs,  238. 
and  J.  W.  RoDOBB  on  the  relations 

hetween  the  viscosity  of  liqnids  and 

their  chemical  nature,  615. 
Ticklishness,  the  anthropological  signifi- 
cance of,  Dr.  Louis  Robinson  on,  778. 
TiDBEMAN  (R.  H.)  ontheeaweatElhoUen, 

270. 

,  on  the  Calf  Hole  Cave,  272. 

,  on  the  eoUeetion,  preservation,  and 

systematic  registration  of  photographs 

of  geological  interest  in  the    United 

Kingdom,  274. 
TiLDEN  (Prof.  W.  A.)  on  establishing  an 

international  standard  for  the  analysis 

of  iron  and  steel,  237. 
.— —  on  the  bibliography  of  solution,  246. 
on   the   investigation   of  isomeric 

naphthalene  derivatives,  268. 
Tobas  of  Gran  Chaco,  South  America,  J. 

Graham  Kerr  on  the,  789. 
TOPLBT  (W.)  on  the  worh  ef  the  Corre- 
sponding Societies  Committee,  19. 
on  the  circulation  of  underground 

waters,  283. 
Touch,  sight,  and  hearing,  the  measure- 
ment of  simple  reaction  time  for.  Prof. 

W.  Rutherford  on,  805. 
^Tow-net,  a  deep-sea,  report  on,  687. 
Town  water-supply,  bore-hole  wells  for, 

H.  Davey  on,  748. 
*Trade,  the  mathematical  theory  of  inter- 
national. Prof.  F.  Y.Edgewonhon,729. 
Transformer   for   replotting   curves,  a 

graphical,  A.  P.  Trotter  on,  558. 
Tbaquaib  (Dr.  R  H.)  on  theeurwterid" 

bearing  deposits  of  the  PenUands,  802. 


Tbaquaib  (Dr.  R.  H.),  preliminary  note 
on  a  New  Fossil  Fish  from  the  Upper 
Old  Red  Sandstone  of  Elginshire,  656. 

Tremors,  earth,  report  on,  146. 

Tbbvithiok  (E.)  and  Dr.  J.  Lobbain 
Smith  on  a  form  of  experimentally 
produced  immunity,  808. 

Trias  of  Budleigh  Salterton  and  of 
Cannock  Chase,  a  comparison  of  the 
pebbles  of,  by  Prof.  T.  G.  Bonney,  666. 

in  Cheshire,  some  forms  of  Saurian 

footsteps  from  the,  O.  W.  Jeffs  on,  658. 

Triassic  sandstone,  Carboniferous  lime- 
stone and  salt-bearing  marls  of  the 
north  of  the  Isle  of  Alan,  Prof.  W! 
Boyd  Dawkins  on,  662. 

Trigraphio  fields  of  spaces,  the  impossi« 
bility  of,  J.  W.  Russell  on,  678. 

Tbibtbam  (Rev.  C^anon  H.  'B,)onthewmrh 
of  the  Corresponding  Societies  Com- 
mittee, 19. 

on  the  legislative  protection  of  wHd 

Hrdt?  eggs,  347. 

Troglodytes,  the,  of  the  Bruniquel,  a  grotto 
of  ironworks  on  the  borders  of  Aveyron, 
by  Dr.  E.  Cartailhac,  782. 

Trophic  changes  in  the  nervous  system^ 
Ftof.  Justus  Gaule  on,  794. 

Trotter  (A.  P.)  on  a  graphical  transformer 
for  replotting  curves,  558. 

Tunnel  Construction  by  means  of  shield 
and  compressed  a!r.  with  specif 
reference  to  the  tunnel  under  the 
Thames  at  BlackwiUl,  Maurice  Fitz- 
maurice  on,  761. 

TuBNBB(Prof .  H.  H.)on  some  photometric 
measures  of  the  corona  of  April  1893, 
568. 

(T.)  on  the  electrolytic  methods  ef 

quantitative  analysis,  160. 

on  an  international  standard  for 

the  analysis  of  iron  and  steel,  237. 

Tyldek- Weight  (C.)  on  the  circulation 
of  underground  waters,  283. 

Ttlob  (Dr.  E.  B.)  on  the  North-Western 
tribes  of  the  Dominien  of  Canada,  453. 

on  the  diffusion  of  mythical  beliefs 

as  evidence  in  the  history  of  culture, 
774. 

on  some  stone  implements  of  Aus- 
tralian type  from  Tasmania,  782. 

•Typhoid  bacilli  in  water.  Dr.  L.  Olivier 
on,  818. 


Uganda  and  the  Zambezi,  native  tribes 
between  the,  Lionel  Decle  on,  786. 

Underground  temperature,  the  rate  of 
increase  of,  dommeards  in  vcAtious  li" 
calities  of  dry  land  and  under  water, 
twentieth  report  on,  107, 

waters  in  the  permeable  formations 

of  England  and  Wales,  the  circulation 
if,  and  the  quantity  and  oha/raetcr  of 
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the  water  supplied  to  various  towns  and 
districts  from  these  formations,  twen- 
tieth report  on^  283. 

•Unemployed,  Bolton  Smart  on  the,  730. 

and  the  Chijrch  Anny,  Eev.  W.  H. 

Hunt  on  the,  729. 

United  Kingdom,  eedi^omio  studies  in  the, 
the  condition  qf,  iV^C^^.  K,  Qowmt 
071, 387.  \,.„^^ 

TTnwin  (Prof.  W.  C.)  on  wiethoSs^Tf^^ 
termimng  the  dryneu  qfsteamin  boiler 
trials^  392. 


Yachell  (Dr.  C.  T.)  on  the  legislative 
protection  of  wild  birds'  eggs,  347. 

^-^^  on  the  prehistoric  and  ancient  re- 
mains of  Glamorganshire,  418. 

Tan't  HoflTs  constant,  the  determination 
of.  Dr.  Meyer  Wildermann  on,  616. 

•Variation,  progressively  adaptive,,  cer- 
tain principles  of,  observed  in  fossil 
series,  Prof.  H.  F.  Osbom  on,  693. 

•Yaso-dilator  reflexes,  W.  M.  BayUss  on 
some,  811. 

VesvHus  and  its  neighbourhood,  the  vol- 
oame  phenomena  of  report  on,  316. 

Vibrations  of  a  loaded  spiral  spring,  L.  R. 
Wilberforce  on  the,  677. 

YiKBS  (Prof.  S.  H.)  071  investigations 
made  at  the  Marine  Biological  Asso- 
ciation laboratory  at  Plymouth,  346. 

Viscosity  of  liquids  and  their  chemical 
nature,  the  relations  between  the,  Dr. 
T.  E.  Thorpe  and  J.  W.  Rodger  on,  616. 

•Vision,  an  electrical  theory  of,  Prof.  O. 
J.  Lodge  on,  682. 

Volcanic  phenomcTia  of  Vesuvius  amd  its 
neighbourlufod,  report  on  the,  816. 

.^—  subsidences  in  the  north  of  Iceland, 
Dr.  Tempest  Anderson  on  certain,  660. 

•Vowel  and  consonant  sounds.  Prof.  D. 
L.  Bermann  on,  806. 

Wages,  hours,  and  productivity  of  labour, 
the  relation  between,  J.  A.  Hobson  on, 
738. 

—  and  the  numbers  employed  in  the 
coal-mining  industry,  the  relation  be- 
tween, R.  H.  Hooker  on,  737. 

• ,  prices,  and  the  standard  of  Talue, 

Edward  Atkinson  on,  730. 

Walfokd  (E.  a.)  on  the  Stonesfield  slate, 
304. 

on  the  terraced  hill  slopes  of  North 

Oxfordshire,  646. 

Walkbb  (A.  O.)  on  the  marine  zoology  of 
the  Irish  Sea,  318. 

^■^—  (E.  O.),  values  of  fixe  standard  coils 
belonging  to  tlie  Indian  Oovemmewt, 
131. 

Wallace  (Dr.  A.  Russel)  on  the  in- 
fluence of  previous  fertilisation  of  the 
female  on  her  subsequent  offspring,  and 


the  effect  of  mental  impressions  dmrtng 

pregnancy  on  the  offspring,  346, 
Waiiklym  (Prof.  J.  A.)  on  the  atomic 

weight  of  carbon,  619. 
•Wabd  (Prof.  Marshall)  on  a  Thames 

bacillus,  698. 
Wabneb  (Dr.  Francis)  on  the  phgneal 

and  mental  deviations  from  the  normal 

among  children  in  schools,  4S4. 
•Water,  the  boiling  of,  in  an  open  tube, 

experiments  showing,  by  Prof.  Oabomo 

~      lolds,  664. 

determining  of  the  freesing- 

point  ol^r-  M-  Wildermann  on,  616. 
Water  suppljt^^*  bore-hole  wella  for. 

Henry  DaveJ^^* J^?-  _ '     .. 

WATTS   (Dr.   M«P°all)  on  wave-lsnglk 

tables  of  the  speM^  ^f  ^^  elements  and 

compounds,  248.   \    „  ^.  

(W.  W.)  on  ^A^Y'"^^*!^!^?*"^ 

tion,  and   systemaHp   reg^ratton 

photographs  of  geol 

the  United  Kingdom, 
on  a  Keuper  sandst* 


interest  in 
74. 
me  cemented  by 


barium  sulphate,  from 


I  the  Peakstones 


Rock,  Alton,  Staffoidshlre.  66o. 
Wave-lengt\ tables  of  theXvectra^  t^ 

elements   a»d   compounr'    '""""'^  ^ 

248.  \ 

Wave-moTemenw^pf  a  strei 

new  explanatiozi)Si|  the, 

693. 
Wbbb  (Sidney)  on  the  ^ 

sies'  of  the  London 

736. 
Wbld  (Miss  A.  G.)  on  t] 

a  conmion  language  bei 

other  animals,  780. 
Wells,  bore-hole,  for  to' 

Henry  Davey  on,  748. 
West  India  Islands, 

present  state  of  our 

tooUgy  and  botany  of 
Wbthbbbd  (E.)  on 

perature,  107. 
on  the  cin 

waters,  283. 
Whales,  the  Greenland 

fin-,  comparison  of 

by  Prof.  J.  Struthers, 
Whabtok  (Capt.  W.  J, 

the  Geographical  Secti< 
Whbtham  (W.  C.  D.)  on 

the  hydrogen  ion  throug] 

acetates,  669. 
Whitakeb   (W.)   on 

Corresponding  Societies  Comm\ 
on  the  circulation  of  u 

waters,  283. 

on  the  age  of  the  plateai 

Wilbbbfobcb  (L.  R.)  on  the  vibrations 

of  a  loaded  spiral  spring,  677. 
Wildbbmann  (Dr.  Meyer)  on  determine 

tog  the  freerin^^to^^^^'t 


report  on, 

>hed  string,  & 
W.  Barlow. 

nomic  here- 
lunty  Council, 
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ween  man  and 
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HoS*a  constant,  Arrhenins's  law  of 
dissociation,  Ostwald's  law  of  dilation, 
616. 

WiLDEBMANN  (Dr.  Meyer)  on  P.B.Lewis's 
method  for  accnratelj  determining 
the  freezing-point  of  aqueous  solutions 
which  freeze  at  temperatures  just 
below  0°  C. 

Wilkinson  (J.  J.)  an  the  cave  at 
Elbolton,  270. 

an  the  Calf  Hale  Cave,  272. 

Wilson  (C.  1.)  an  vifihodt  af  determin- 
ing the  dryness  of  steam,  392. 

(W.   l&.)an   the    best    methods  af 

recording  the  direct  intensity  of  solar 
radiation,  106. 

WiLTSHiBB    (Prof.    T.)    an    the  fossU 

Phyllopoda   af  the    Palatozoio   racks, 

271, 
WiNDLB(Prof.Bertram)0n  OTithrapametrie 

work  in  schools,  439. 
an  the  work  of  the  anthropometric 

laboratory  at  the  Nottingham  meeting, 

444. 

—  on  mythical  pygmy  races,  781. 
WiNDOES  (J.)  on  the  Stmesjield  slate, 

304 
Wing  of  ArcbaBopteryz  viewed  in  the 

light  of  that  of  some  modem  birds, 

W.  P.  Pycraft  on,  693. 
^Women's  industries.  Miss  Maitland  on, 

731. 
WoODWABD  (Dr.  U.^  an  the  fossil  Phyllo- 
poda af  the  PaUeozoie  rocks,  271. 

an  the  Stonesfield  slate,  304. 

an   the   compilation  af   an   index 

generum  et  speeierum  animalium,  347. 
(H.  B.)  on  the  collection,  preser- 

vaUoi^  and  systematic  registration  of 


photographs  af  geological  interest  in  the 
United  kingdom,  274. 

WooDWABD  (H.  B.)  an  the  Stanesfield 
slate,  304. 

Wbioht  (Prof.  E.  P.)  on  the  ethnographi- 
cal surrey  of  Ireland,  429. 

Wynne  (A.  B.)  an  undergratMul  tempera^ 
ture,  107. 

Young  (Prof.  Sydney)  an  the  biblio- 
graphy  tjf  solutUm,  246. 

^Zachabias  (Prof.  B.)  on  the  function 

of  the  nucleus,  696. 
Zambezd  and  Uganda,  the  native  tribes 

between  the,  Lionel  Decle  on,  785. 
Zoological  nomenclature :  rules  of  priority 

and    random    publication,    T.   R.    R. 

Stebbing  on,  697. 

Station  at  Naples,  report  an  the 

occupation  of  a  table  at  the,  335. 
Appendix : 

L  On  the  ^reduction  division*  in  the 
cartilaginous  Jishes,  by  J.  E.  S,  Moore f 
338. 

II.  List  of  naturalists  mho  hate  reorhed 
at  the  station  from  the  end  of  June 
1898  to  the  end  of  June  1894,  340. 

III.  List  of  papers  publUhed  in  1 893 
by  natftralists  who  hare  occupied 
tables  at  the  station,  341. 

Zoology  and  botany  af  the  West  India 
Island*,  seventh  report  an  the  present 
state  of  our  knowledge  of  the,  344. 

marine,  af  the  Irish  Sea,  second 

report  on  the,  318. 

qf  the  Sandwich  Islands,  fourth 

report  an  the  present  state  af  our 
knowledge  of  the,  343. 
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establishing  an  International  Standard  for  the  Analysis  of  Iron  and  Steel ; — ^Report 
on  the  Action  of  Light  on  the  Hydracids  of  the  Halogens  in  presence  of  Oxygen  ; — 
Third  Report  on  the  present  Methods  of  Teaching  Chemistry ; — Fourth  Report  on 
the  Properties  of  Solutions ;— Fourth  Report  on  the  Bibliography  of  Solution; — 
Discussion  on  the  Theory  of  Solution  ;~Proyisional  Report  on  the  Influence  of  the 
Silent  Discharge  of  Electricity  on  Oxygen  and  other  Gases ; — Report  on  the  Absorp- 
tion Spectra  of  Pure  Compounds ; — Report  on  the  best  methods  for  the  Registration 
of  all  Type  Specimens  of  Fossils  in  the  British  Isles ; — Eighteenth  Report  on  the 
Erratic  Blocks  of  England,  Wales,  and  Ireland; —Sixteenth  Iteport  on  the  Circulation 
of  Underground  Waters  in  the  Permeable  Formations  of  England  and  Wales,  and 
the  Quantity  and  Character  of  the  Water  supplied  to  various  Towns  and  Di^tricta 
from  these  Formations ;— Final  Report  on  an  Ancient  Sea^beach  near  Bridlington 
Quay ;— Report  on  the  Cretaceous  Polyzoa ;— Report  on  the  Volcanic  Pheuomena  of 
Vesuvius  and  its  neighbourhood ; — Fourth  and  final  Report  on  the  *  Manure '  Gravels 
of  Wexford ; — Eighth  Report  on  the  Fossil  Phyllopoda  of  the  Palieozoic  Rocks ; — 
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Geological  Interest  in  the  United  Kingdom ; — Report  on  the  occupation  of  a  Table 
at  the  Laboratory  of  the  Marine  Biological  Association  at  Plymouth  ;— Third  Report 
on  the  present  state  of  our  Knowledge  of  the  Zoology  and  Botany  of  the  West  India 
Islands,  and  on  the  steps  taken  to  investigate  ascertained  deficiencies  in  the  Fauna 
and  Flora; — Report  on  the  occupation  of  a  Table  at  the  Zoological  Station  at  Naples; 
—Report  of  the  Committee  for  making  a  Digest  of  the  Olraervations  on  the  Migration 
of  Birds ; — Third  Report  on  the  Disappearance  of  Native  Plants  from  their  Local 
Habitats ;— Fourth  Report  of  the  Committee  for  taking  steps  for  the  establishment 
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Habit-s,  Customs,  Physical  Characters,  and  Religions  of  the  Natives  of  India ; — Report 
of  the  Committee  for  editing  a  new  Edition  of  *  Anthropological  Notes  and  Queries ; ' 
— Fourth  Report  on  the  Prehistoric  Inhabitants  of  the  British  Islands; — Report  on 
the  Calculation  of  the  Anthropological  Measurements  taken  at  Newcastle ; — Sixth 
Report  on  the  North- Western  Tribes  of  the  Dominion  of  Canada. 

Together  with  the  Transaotiona  of  the  Sections,  Sir  F.  A.  AbePe  Address,  and 
Resolutions  of  th^  General  Committee  of  the  Association.  .    . 


REPORT  OF  THE  SIXTY-FIRST  MEETING,  at  Cardiff,  Augost 
1S91,  Puhltshed  at  £1  4:8. 

Contents  :— Report  of  the  Corresponding  Societies  Committee ;— Report  on  the 
present  state  of  our  knowledge  of  Thermodynamics,  specially  with  regard  to  the 
Second  Law  ;— Sixth  Report  on  Electrolysis  in  its  Physical  and  Chemical  Bearings : 
—Eleventh  Report  on  the  Earthquake  and  Volcanic  Phenomena  of  Japan ;— Second 
Report  of  the  Committee  for  calculating  Tables  of  certain  Mathematical  Functions, 
and,  if  necessar}',  taking  steps  to  carry  out  the  Calculations,  and  publishing  the 
results  in  an  accessible  form ;— Fifth  Report  on  the  application  of  Photography  to 
the  Elucidation  of  Meteorological  Phenomena ;— Report  on  the  Discharge  of  Elec- 
tricity from  Points;— Report  of  the  Committee  for  co-operating  with  the  Scottish 
Meteorological  Society  in  making  Meteorological  Observations  on  Ben  Nevis;— 
Third  (interim)  Report  on  the  various  Phenomena  connected  with  the  Recalescent 
Points  in  Iron  and  other  Metals ;— Second  (interim)  Report  of  the  Comn^ittee  f6r 
co-operating  with  Dr.  Kerr  in  his  Researches  on  Electro-optics ;— Report  of  the 
Committee  for  co-operating  with  Dr.  C.  Piazzi  Smyth  in  his  Researches  on  the  TTltia- 
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violet  Bays  of  the  Solar  Spectrum ; — Report  on  the  best  means  of  Comparing  and 
Redacing  Magnetic  Obeervations ; — Report  of  the  Committee  for  constructing  and 
issuing  tactical  Standards  for  use  in  Electrical  Measurements ; — Interim  Report  of 
the  Committee  for  carrying  on  the  Tables  connected  with  the  Pellian  Equation  from 
the  Point  where  the  work  was  left  by  Degen  in  1817  ; — Seventh  Report  on  the  best 
methods  of  recording  the  direct  Intensity  of  Solar  Radiation; — Report  on  the 
Preparation  of  a  new  series  of  Wave-length  Tables  of  the  Spectra  of  the  Elements 
and  Compounds; — Interim  Report  on  the  Action  of  Light  upon  Dyed  Colours;-^ 
Report  (provisional)  on  the  Influence  of  the  Silent  Discharge  of  Electricity  on  Oxygen 
and  other  Gases ; — Third  Report  on  the  Bibliography  of  Spectroscopy ; — Fifth  Report 
on  Isomeric  Naphthalene  Derivatives ; — Fifth  Report  on  the  Bibliography  of  Solu- 
tion;— Third  Report  on  the  best  method  of  establishing  an  Interoational  Standard 
for  the  Analysis  of  Iron  and  Steel ; — Provisional  Report  on  the  direct  formation  of 
Haloid  Compounds  from  pure  materials; — Report  (provisional)  on  the  Absorption 
Spectra  of  Pure  Compounds; — Nineteenth  Report  on  the  Erratic  Blocks  of  England, 
Wales,  and  Ireland ; — Second  Report  on  the  Registration  of  all  the  Type  Specimens 
of  British  Fossils ; — Seventeenth  Report  on  the  Circulation  of  Underground  Waters 
in  the  Permeable  Formations  of  England  and  Wales,  and  the  Quantity  and  Character 
of  the  Water  supplied  to  various  Towns  and  Districts  from  these  Formations; — 
Report  on  the  Volcanic  Phenomena  of  Vesuvius  and  its  neighbourhood; — Second 
Report  on  the  collection,  preservation,  and  systematic  registration  of  Photographs 
of  Geological  Interest  in  the  United  Kingdom; — Report  on  the  advisability  and 
possibility  of  establishing  in  other  parts  of  the  country  Observations  upon  the 
Prevalence  of  Earth  Tremors  similar  to  those  now  being  made  in  Durham  in  connec- 
tian  with  coal-mine  explosions; — Report  of  the  Committee  for  working  the  very 
Fossiliferous  Transition  Bed  between  the  Middle  and  Upper  Lias  in  Northampton* 
shire,  in  order  to  obtain  a  more  clear  idea  of  its  fauna,  and  to  fix  the  position  of 
certain  species  of  Fossil  Fish,  and  more  fully  investigate  the  horizon  on  which  they 
occur ; — Report  of  the  Committee  to  complete  the  investigation  of  the  Cave  at 
Elbolton,  near  Skipton,  in  order  to  ascertain  whether  Remains  of  Palseolithic  Man 
occur  in  the  Lower  Cave  Earth  ; — Report  of  the  Committee  for  carrying  on  excava- 
tions at  Oldbury  Hill,  near  Ightham,  in  order  to  ascertain  the  existence  or  otherwise 
of  Rock-shelters  at  this  spot ; — Fourth  Report  on  the  present  state  of  our  knowledge 
of  the  Zoology  and  Botany  of  the  West  India  Islands,  and  on  the  steps  taken  to 
investigate  ascertained  deticiencies  in  the  Fauna  and  Flora ; — Draft  Report  on  the 
present  state  of  our  knowledge  of  the  Zoology  of  the  Sandwich  Islands,  and  on  the 
steps  taken  to  investigate  ascertained  deficiencies  in  the  Fauna ; — Fifth  Report  of 
the  Committee  for  taking  steps  for  the  establishment  of  a  Botanical  Laboratory  at 
Feradeniya,  Ceylon ; — Fourth  Report  on  the  Disappearance  of  Native  Plants  from  their 
Local  Habitats ; — Report  of  the  Committee  for  making  a  digest  of  the  observations 
on  the  Migration  of  Birds  at  Lighthouses  and  Light-vessels,  which  have  been  carried 
on  by  the  Migration  Committee  of  the  British  ^association; — Report  on  the  occupa- 
tion of  a  Table  at  the  Laboratory  of  the  Marine  Biological  Association  at  Plymouth ; 
— Report  on  the  occupation  of  a  Table  at  the  Zoologfical  Station  at  Naples ; — Report 
of  the  Committee  for  improving  and  experimenting  with  a  Deep-sea  Tow-net  for 
opening  and  closing  under  water; — Report  on  the  teaching  of  Science  in  Elementary 
Schools ; — Third  Report  on  the  investigation  of  the  Action  of  Waves  and  Currents 
on  the  Beds  and  Foreshores  of  Estuaries  by  means  of  Working  Models  ; — Report  of 
the  Committee  for  editing  a  new  Edition  of  '  Anthropological  Notes  and  Queries ; ' — 
Seventh  Report  on  the  isorth- western  Tribes  of  the  Dominion  of  Canada; — Fifth 
Report  on  the  Prehistoric  Inhabitants  of  the  British  Islands; — Foiurth  and  Final 
Report  of  the  Committee  to  arrange  an  Investigation  of  the  Seasonal  Variations  of 
Temperature  in  Lakes,  Rivers,  and  Estuaries  in  various  parts  of  the  United  Kingdom 
in  co-operation  with  the  local  societies  represented  on  the  Association  ;^0n  the 
Capture  of  Comets  by  Planets,  especially  their  Capture  by  Jupiter ;  -The  Recent 
Progress  of  Agriculture  in  India. 

Together  with  the  Transactions  of  the  Sections,  Dr.  Huggins's  Address,  and  Reso- 
lutions of  the  General  Committee  of  the  Association. 
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REPORT    OP   THs    SIXTT-SECOND    MEETING,  at  Edinbar9l^ 
Angnst  1892,  Publisked  at  £1  4a, 

Contents  : — Report  of   the  Corresponding  Societies  Committee ; — ^Report  cm 
Meteorological  Obsenrations  on  Ben  NeviB ;— ^^enth  Report  on  Electrolysis  in  its 
Physical  and  Chemical  Bearines; — Report  on  the  Phenomena  aooompanying   the 
Discharge  of  Electricity  from  Points ; — Second  Report  on  the  Ultra-Tiolet  Bays  of 
the  Solar  Spectrom ;— Second  Report  on  the  Application  of  Photography  to  the  Elu- 
cidation of  Meteorological  Phenomena; — Twelfth  R^iort  on  the  Earthquake  and 
Volcanic  Phenomena  of  Japan ; — Nineteenth  Report  on  the  Rate  of  Increase  of 
Underground  Temperature  downwards  in  varioos  Localities  of  Dry  J.iand  and  nnder 
Water ;— Report  of  the  Committee  for  constrocting  and  issuing  Practical  Standards 
for  use  in  Electrical  Measurements ; — Report  on  Electro-optics ; — Eighth  Report  on  the 
best  methods  of  recording  the  direct  Intensity  of  Solar  Radiation ; — Report  on  Con- 
stants and  Units; — On  the  Application  of  Interference  Methods  to  Spectrosoopic 
Measurements ; — Fourth  Report  on  establishing  an  International  Standard  for  the 
Analysis  of  Iron  and  Steel ; — Sixth  Report  on  Isomeric  Naphthalene  Derivatives ; — 
Fourth  Report  on  the  Bibliography  of  Spectroscopy ; — Report  on  the  Action  of  Ligbt 
on  the  Hydracids  of  the  Halogens  in  presence  of  Oxygen ; — Report  on  Wave-length 
Tables  of  the  Spectra  of  the  Elements  and  Compounds ;— Sixth  Report  on  the  Biblio- 
graphy of  Solution  ; — Sixth  Report  on  the  Nature  of  Solution ; — Report  (provisional) 
on  the  Formation  of  Haloids  from  pure  Materials ; — Report  (provisional)  on  the 
Influence  of  the  Silent  Discharge  of  Electricity  on  Oxygen  and  other  Gases ; — Report 
(provisional)  on  the  Action  of  Light  upon  Dyed  Colours ; — Report  on  the  Proximate 
Constituents  of  the  various  kinds  of  Coal ; — ^Eighteenth  Report  on  the  Ciroulation  of 
the  Underground  Waters  in  the  Permeable  Formations  of  England,  and  the  Quality 
and  Qaantity  of  the  Waters  supplied  to  various  Towns  and  Districts  from  these  For- 
mations ; — Report  on  the  Investigation  of  the  Cave  at  Elbolton ; — Twentieth  Report  on 
Erratic  Blocks ; — Third  Report  on  the  Registration  of  the  Type  Specimens  of  British 
Fossils ;— Third  Report  on  the  Collection,  Preservation,  and  Systematic  Registration  of 
Photographs  of  Geological  Interest ;— Ninth  Report  on  the  Fossil  Phyllopoda  of  the 
Paleozoic  Rocks ; — Report  on  the  Cretaceous  Polysoa ;— Report  on  the  Volcanic  Pheno- 
mena of  Vesuvius  and  its  neighbourhood ; — Report  on  the  advisability  and  possibility  of 
establishing  in  other  parts  of  the  country  observations  upon  the  prevalence  of  Eiurth 
Tremors  similar  to  those  now  being  made  in  Durham  in  connection  with  coal-mine 
explotiions  ; — Report  on  work  done  at  the  Zoological  Station  at  Naples ; — Fifth  Report 
on  the  present  state  of  our  Knowledge  of  the  Zoology  and  Botany  of  the  West  India 
Islands,  and  the  steps  taken  to  investigate  ascertained  deficiencies  in  the  Famia  and 
Flora ;— Second  Report  on  the  present  state  of  our  Knowledge  of  the  Zoology  of  the 
Sandwich  Islands,  and  the  steps  taken  to  Investigate  ascertained  deficiencies  in  the 
Fauna ; — Report  on  the  occupation  of  a  Table  at  the  Laboratory  of  the  Marine  Biok>» 
gical  Association  at  Plymouth ; — Sixth  Report  on  the  establishment  of  a  Botanical 
Laboratory  at  Peradeniya,  Ceylon ; — Report  of  the  Committee  for  making  a  Digest 
of  the  Observations  on  the  Migration  of  Birds  at  Lighthouses  and  Light- vessels ; — 
Report  on  a  Deep-sea  Tow-net  for  opening  and  closing  under  Water ;— Report  on 
proposals  for  the  Legislative  Protection  of  Wild  Birds'  Eggs ; — Report  on  the  Clima- 
tological  and  Hydro^phical  Conditions  of  Tropical  Africa ; — Repoarton  the  Teaching 
of  Science  in  Elementary  Schools ; — Second  Report  on  the  Development  of  Graphic 
Methods  in  Mechanical  Science ; — Shield  Tunnelling  in  Loose  Gromid  under  Water 
Pressure,  with  specinl  reference  to  the  Vymwy  Aqueduct  Tunnel  under  the  Mersey ; — 
Report  of  the  Committee  for  editing  a  new  Edition  of  *  Anthropological  Notes  and 
Queries ;  *— Report  on  the  Ruins  of  Mashonaland  and  the  Habits  and  Customs  of  the 
inhabitants ; — Report  on  the  Prehistoric  and  Ancient  Remains  of  Glamorganshire  ;— 
Eighth  Report  on  the  Physical  Characters,  Languages,  and  Industrial  and  Social  Con* 
dition  of  the  North- Western  Tribra  of  the  I^minion  of  Canada; — Report  on  the 
Habits,  Customs,  Physical  Characteristics,  and  Religions  of  the  Natives  of  India;— 
Report  on  the  work  done  in  the  Anthropometric  Laboratory. 
^j^      Together  with  the  Transactions  of  the  Sections,  Sir  Archibald  Geikie's  Address, 
*and  Resolutions  of  the  General  Committee  of  the  Association. 
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REPORT  OF  THE   SIXTY-THIRD    MEETING,  at   Nottingham, 
September  1893,  Pvhlished  at  £\  4«. 

CoiiTBNTS : — ^Addresn  by  the  Prendent,  Professor  Bnrdon  Sanderson ;— Report 
of  the  Corresponding  Societies  Committee ; — Report  on  the  Tables  connected  with 
the  Pellian  Bqnation  from  the  Point  where  the  work  was  left  by  Degen  in  1817 ; — 
Interim  Report  on  the  Establishment  of  a  National  Physical  Laboratory  ;~Jntermi 
Beport  on  the  best  means  of  Comparing  and  Reducing  Magnetic  Observations ; — 
Report  on  Blectro-opties ; — Report  on  Magnetic  Work  at  the  Falmouth  Obserratory ; 
— Beport  on  Practical  Standards  for  Electrical  Measurements; — ^Third  Report  on 
the  Application  of  Photogiaphy  to  the  Elucidation  of  Meteorological'  Phenomena ; — 
Ninth  Report  on  the  best  methods  of  recording  the  direct  Intensity  of  Solar  Radia- 
tion ; — Report  on  the  present  state  of  our  Knowledge  in  Electrolysis  and  Electro- 
chemistry ;—Thirteenth  Report  on  the  Earthquake  and  Volcanic  Phenomena  of 
Japan ; — Interim  Report  on  the  Bibliography  of  Spectroscopy ; — Report  of  the  Com- 
mittee for  Calculating  Tables  of  certain  Mathematical  Functions ;— Report  on 
Meteorological  Observations  on  Ben  Nevis ; — Report  on  Earth  Tremors; — The  Action 
of  Magnetism  on  light,  with  a  critical  correlation  of  the  various  Theories  of  Light- 
propagation,  by  J.  Larmor ;— Interim  Report  on  the  Bibliography  of  Solution; — 
Beport  on  the  Action  of  light  upon  Dyed  Colours;— Seventh  Report  on  Isomeric 
Naphthalene  Derivatives;— Report  on  Wave-length  Tables  of  the  Spectra  of  the 
Elements  and  Compounds :— Fifth  Report  on  establishing  an  International  Standard 
for  the  Analysis  of  Iron  and  Steel; — Report  on  Solution ;— Report  on  the  Influence 
of  the  Silent  Discharge  of  Electricity  on  Oxyfren  and  other  Gases ; — Bacteriology  in 
its  Relations  to  Chemical  Science,  by  Percy  Frankland ; — Nineteenth  Report  on  the 
Circulation  of  Underground  Waters; — Tenth  Report  on  the  Phyllopoda  of  the 
PalaeoBoic  Rocks ;~ Report  on  the  Eurypterid-bearing  Deposits  of  the  Pentland  Hills ; 
— Report  on  the  Volcanic  Phenomena  of  Vesuvius  and  its  Neighbourhood  ; — Report 
on  the  Collection,  Preservation,  and  Systematic  Reg^tration  of  Photographs  of 
Geological  Interest  in  the  United  Kingdom ;— Fourth  Report  on  the  Registration  of 
the  Type  Specimens  of  British  Fossils ;— Report  on  the  Character  of  the  High-level 
Shell-bearing  Deposits  at  Clava,  Cbapelhall,  and  other  localities; — Twenty-first 
Report  on  the  Erratic  Blocks  of  England,  Wales,  and  Ireland ;— Third  Report  on  the 
present  state  of  our  Knowledge  of  the  Zoology  of  the  Sandwich  Islands;— Interim 
Report  of  the  Committee  for  making  a  Digest  of  the  Observations  on  the  Migration 
of  Birds  at  Lighthouses  and  Light-vessels;- Sixth  Report  on  the  present  state  of  our 
Knowledge  of  the  Zoology  and  Botany  of  the  West  India  Islands ; — Report  on  the 
Marine  Zoology  of  the  Irish  Sea ; — Report  on  the  Occupation  of  a  Table  at  the  Zoolo- 
gical Station  at  Naples ;— Report  on  Investigations  made  at  the  Laboratory  of  the 
Marine  Biological  Association,  Plymouth ;— Report  on  the  Physiological  Action 
of  the  Inhalation  of  Oxygen  in  Asphyxia,  more  especially  in  Coal  Mines ; — Report  on 
the  Legislative  Protection  of  Wild  Birds'  Eggs;— Report  on  the  Compilation  of 
an  Index  Generum  et  Specieram  A niroalium ;— Report  on  Scottish  Place-names; 
—Report  on  the  Exploration  of  Ancient  Remains  in  Abyssinia ;— Report  on  the 
Exploration  of  the  Glacial  Region  of  the  Earakoram  Mountains; — Report  on 
the  Teaching  of  Science  in  Elementary  Schools ;— Interim  Report  on  the  Methods 
of  Economic  Training  adopted  in  this  and  other  Countries ;— Report  on  the 
Climatological  and  Hydrographical  Conditions  of  Tropical  Africa;— Interim  Report 
on  the  Dryness  of  Steam  in  Boiler  Trials ;— Report  on  the  Development  of  Graphic 
Methods  in  Mechanical  Science,  by  H.  Hele-Shaw ; — Report  on  the  Physical  Deviations 
from  the  Normal  among  Children  in  Elementary  and  other  Schools ;— First  Report 
on  the  Ethnographical  Survey  of  the  United  Kingdom; -Interim  Report  on  the 
North- Western  Tribes  of  Canada ; — Report  of  the  Anthropometric  Laboratory  Com- 
mittee ;— Report  on  Uniformity  in  the  Spelling  of  Barbaric  and  Savage  Languages 
and  Race-names;— The  Automatic  Balance  of  Reciprocating  Mechanism,  by  W. 
Worby  Beaumont. 

Together  with  the  Transactions  of  the  Sections. 

The  following  Publications  are  also  on  sale  at  the  Office  of  the  Asso- 
ciation : —  "^ 

Lithogiaphed  Signatures  of  the  Members  who  met  at  Cambridge  in  1833,  wit|^ 
the  Proceedings  of  the  Public  Meetings,  4to,  4«. 

Index  to  the  Reports,  1831-1860,  \2t.  (carriage  included). 
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Index  to  the  Reports,  186U1890,  IBs,  (carriage,  ^d.) 

Lalande's  Catalogue  of  Stars,  £i  U, 

Boles  of  Zoological  Nomenclatnre,  It. 

On  the  Regulation  of  Wages  by  means  of  Lists  in  the  Cotton  Industry : — 
Spinning,  28.;  Weaving,  is. 

Report  on  the  best  means  for  promoting  Scientific  Education  in  School<4,  6d. 

Second  Report  on  the  present  Methods  of  Teaching  Chemistry,  1889,  6d. 

Report  of  the  Committee  for  constructing  and  issuing  Practical  Standards  for  use 
in  Electrical  Measurements,  Gd. 

Second  Report  on  the  Development  of  Graphic  Methods  in  Mechaitical  Science, 
1892.  }*. 

Report  of  the  Ethnographical  Survey  Committee,  1893,  6d, 

The  Action  of  Magnetism  on  Light,  by  J.  Larmor,  F.R.S.,  1893,  Is. 

Table  of  Electro-chemical  Properties  of  Aqueous  Solutions,  compiled  by  Bev.  T.  C. 
Fitzpathck,  1893,  U.  6rf. 

Report  on  Electrical  Standards,  with  seven  Appendices,  1894,  Is, 

Report  on  the  Present  State  of  our  Knowledge  of  Thermodynamics,  Part  II.,  by 
G.  H.  Bryan,  with  an  Appendix  by  Prof.  L.  Boltzmann,  1894,  is. 

Report  on  Planimeters,  by  Prof.  0.  Henrici,  F.R.S.,  1894,  Is. 

Recent  Researches  in  the  Infra- Red  Spectrum,  with  three  plates,  by  Dr.  S.  P. 
Langley,  1894,  2s. 


Digitized  by  VjOOQIC 


BRITISH    ASSOCIATION 


FOB 


THE    ADVANCEMENT    OF    SCIENCE. 


LIST 


OF 


OFFICERS,  COUNCIL,  AND   ^lEilBERS, 


CORRECTED  TO  SEPTEMBER  30,   1894 


I         ^'i  OjBlice  of  Vie  Association: 

!     ^  BURLINGTON  HOUSE,  LONDON,  W. 


Digitized  by  VjOOQIC 


Digitized  by  VjOOQIC 


OFFICERS   AND   COUNCIL,    1894-95. 

PRESIDENT. 

Thk  Most  Hox.  thk  MAEQXTIS  OF  SALISBURY,  K.G.,  D.O.L.,  P.B.S.,  Chancellor  of  the 
XJnivenity  of  Oxford. 


VICE-PRESI 

The  Bight  Hon.  the  Earl  of  Jkrskt,  G.C.M.G., 
Lord-Lientenant  of  the  Ck)anty  of  Oxford. 

The  Right  Hon.  Lord  Wantaob,  K.C.B.,  V.C,  Lonl- 
Lieatenant  of  Berksliire. 

The  Right  Hon.  the  Earl  op  RosKnERT,  K.G., 
D.C.L.,  P.R.S. 

The  Right  Rev.  the  I»rd  BtSHOp  of  Oxford,  D.D. 

The  Right  Hon.  LoBD  Rothschild,  Lord-Lieu- 
tenant of  Bucks. 

The  Right  Hon.  Lord  Kelvin,  D.C.L.,  Pr«s.R.S. 

The  Rev.  the  Vicb-Ghakcbllor  ok  the  U.nivjcr- 
BiTY  OF  Oxford. 


I  DENTS. 

The  Worshipful  the  Mayor  of  Oxford. 
Sir  W.  R.  ASBOX,  D.C.L.,  Warden  of  All  Sonla 

College. 
Sir  Bkrnhard  Samdklsox,  Bart.,  M.P.,  F.R.S. 
Sir  Hkxry  Dykk  Acland,  Bart.,  K.C.B.,  M.D., 

F.R.S.,  Regius  Professor  of  Medicine. 
The  Rev.  the  Majbtkr  ok  Pembrokk  Collece, 

Sedlelon  Professor  of  Natural  Philoeopliy. 
Dr.  J.  J.  Sylvrster,  F.R.S.,  Savilian  ProfeEsor  of 

Geometry. 


PRESIDENT    ELECT. 

Captadi  sir  DOUGLAS  OALTON,  K.C.B.,  D.C.L.,  IX.D.;  F.R.S.,  F.R.«^.S.,  F.G.S. 

VICE-PRESIDENTS   ELECT. 


The  Most  Hon.  the  Marquis  of  Bristol,  MJL, 

Lord-Lieutenant  of  the  County  of  Suffolk. 
The  Right  Hon.  Lord  Walsi.noham,  LL.D.,  F.R.S., 

High  Steward  of  the  University  of  Cambridge. 
The  Right  Hon.  Lord  Raylkioh,  D.C  L.,  8ec.R.S., 

Lord-Lieutenant  of  the  County  of  HBsez. 
The  Right   Hon.   Lord   Gwydyr,   MA.,   High 

Steward  of  the  Borough  of  Ipswich. 


The  Right  Hon.  Lord  Hexnikkr,  Fi>.A. 
The  Riglit  Hon.  Lord  Rcndlesha]!. 
Sir  O.  G.  Stokbb,  Bart.,  D.C.L.,  F.R.S. 
Dr.  B.  Franklaxd,  D.C.L.,  F.R.S. 
Professor  G.  H.  Dabwin,  M.A.,  LL.D.,  F.R.S. 
Felix  T.  Oobbold,  Esq.,  M.A. 


GENERAL    SECRETARIES. 

Capt.  Sir  Douglas  Galtox,  E.C.B.,  D.CX.,  LL.D.,  F.R.S.,  F.G.8.,  12  Clioster  Street,  London,  S."^', 
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1871.  §  Adams,  John  R.    2  Nut  ley-terrace,  Ilampstead,  London,  N.W. 
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1888.  •Gifford,  H.  J.    Lyston  Court,  Tram  Inn,  Hereford. 
1884.  JGilbert,  E.  E.    245  St.  Antoine-etreet,  Montreal,  Canada. 

1842.  GiLBEBT,  Sir  Joseph  Hbkrt,  Ph.D.,  LL.D.,  F.R.S.,  F.C.S.,  Pro- 
fessor of  Rural  Economy  in  the  University  of  Oxford.  Har- 
penden,  near  St.  Albans. 

1888.  §Gilbert,  Lady.     Harpenden,  near  St.  Albans. 

1857.  tGilbert,  J.  T.,  M.R.I.A.    Villa  No^'a,  Blackrock,  Dublin. 

1884.  •Gilbert,  Philip  H.     1375  Dorchester-street,  Montreal,  Canada. 
Gilderdale,  Rev.  John,  M.A.    Walthamstow,  Essex. 

1882.  JGiles,  Alfred,  M.P.,  M.Inst.O.E.  26  Great  George-street,  London, 
S.W. 

1878.  t^^iles,  Oliver.    Crescent  Villas,  Bromsgrove. 

Giles,  Rev.  William.    Netherleigh  House,  near  Chester. 

1871.  •Giii,  David,  LL.D.,  F.R.S.,  F.R.A.S.  Royd  Observatory,  Cape 
Town. 

1888.  §Gill,  John  Frederick.    Douglas,  Isle  of  Man. 

1868.  JGill,  Joseph.  Palermo,  Sicily.  (Care  of  W.  H.  Gill,  Esq.,  General 
Post  Office,  St.  MartinVle-Grand,  E.G.) 

1887.  tGiUett,  Charles  Edwin.     Wood  Green,  Banbury,  Oxford. 

1888.  JGilliland,  E.   T.     250  West  Seventy-fourth- street,    New    York, 

U.S.A. 
1884.  JGillman,  Henry.    130  Lafayette-avenue,  Detroit,  Michigan,  U.S.A. 

1802.  SGihnour,  Matthew    A.    B.      Saffronhall    House,  Windmill-road, 

Hamilton,  N.B. 
1867.  JGilroy,  Robert.     Craigie,  by  Dimdee. 

1803.  •Gimingham,  Edward.    Stamford  House,   Northumberland  Park, 

Tottenham,  Ijondon. 
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1867.  tGiNBBURe,  Rev.  C.  D.,  D.O.L.,  LL.D.    Ilolmlea,  Virginia  W«ter 

Station,  Chertaey. 
1884.  JGirdwood,  Dr.  G.  P.    28  Beaver  Ilall-terrace,  Montreal,  Canada. 
1874.  •Girdwood,  James  Kennedy.    Old  Park,  Belfast. 

1886.  •Gisborne,  Hartley.    Qu*Appelle  Station,  Assa,  N.-W.T.,  Canada. 
1883.  •Gladstone,  Miss.    17  Pembridge-aquare,  London,  W. 

1883.  •Gladstone,  Miss  E.  A.     17  Pembridjre-square,  London,  W. 

1860.  •Gladstone,  George,  F.C.S.,  F.R.G.iS.     34  Denmark-villas,  Hove, 

Brighton. 
1849.  •Gladstone,  John  Hall,  Ph.D.,  D.Sc.,  F.RS.,  F.C.S.     17  Pem- 

bridge-square,  London,  W. 
1890.  •Gladstone,  Miss  Margaret  E.     17  Pembridge-equare,  London,  AV. 

1861.  •Glaisher,  Jambs,  F.R.S.,  F.R.A.iS.    The  Shola,  Heath  field-road. 

South  Croydon. 

1871.  •Glamher,  J.  W.  L.,  M. A.,  D.Sc,  F.R.S.,  F.R.A.S.    Trinity  College, 

Cambridge. 
1883.  JGlasson,  L.  T.    2  Roper-street,  Penritli. 

1881.  •Glazebbook,  R.  T.,  M.A.,  F.RS.    7  Harvey-road,  Cambridge. 
1881.  •Gleadow,  Frederic.    84  Kensington  Park-road,  London,  W. 
1859.  JGlennie,  J.  S.  Stuart,  M. A.    Verandah  Cottage,  Haslemere,  Surrey. 
1867.  ^Gloag,  John  A.  L.     10  lnverleith-{>lace,  Edinburgh. 

Glover,  Geoi*ge,    Haneloffh-roadf  Pimlico,  London,  S,  W". 
1874.  tGlover,  George  T.    80  Donegall-place,  Belfast. 

Glover,  Thomas.     124  Manchester-road,  Southport. 
1870.  JGlynn,  Thomas  R.,  M.D.     62  Rodney-street,  Liverpool. 

1889.  JGoddard,  F.  R.    19  Victoria-square,  Newcastle-upon-Tyne. 

1872.  JGoDDARD,  Richard.    16  Booth-street,  Bradfoi-d,  Yorkshire. 
1880.  X^odiee,  Arthur,    3  Greenfield-crescent ^  Edybaston,  Birmingham^ 

1887.  JGodlee,  Francis.    61  Portland-street,  Manchester. 

1878.  •Godlee,  J.  Lister.    3  New-square,  Lincoln's  Inn,  London,  W.C. 

1880.  JGoDMAN,  F.  Du  Cane,  F.RS.,  F.L.S.,  F.G.S.    10  Chandos-street, 

Cavendish-square,  London,  W. 

1883.  jGodson,  Dr.  Alfred.    Oheadle,  Cheshire.- 

1862.  tGodwin,  John.    Wood  House,  Rostrevor,  Belfast. 

1879.  §GoDWiK-ATJ8TBif,  Lieut.-Colonel  H.  H.,  F.R.S.,  F.G.S.,  F.R,G.S., 

F.Z.S.    Shalford  House,  Guildford. 
1876.  JGoff,  Bruce,  M.D.    BothweU,  Lanarkshire. 

1881.  tGoLDSCHiiiDT,  Edwaed,  J.P.    Nottingham. 

1886.  IGoldsmu),    Maio^General    Sir   F.  J.,   C.B.,  K.C.S.I.,   F.R.G.S, 
Godfrey  House,  Hollingboume. 

1873.  XGMthoi^,  Miss  R,  F.  C.     Cleckheaton,  Bradford,  Yorks/are. 

1890.  •Conner,  E.  0.  K.,  M.A.,  Professor  of  Political  Economy  in  Univer- 

sity College,  Liverpool. 

1884.  JGood,  Charles    E.       102    St.   Francois   Xavier-street,    Montrea!, 

Canada. 
1852.  JGoodbody,  Jonathan.     Clare,  King's  County,  Ireland. 
1878.  tGoodbody,  Jonathan,  iun.     60  Dame-street,  Dublin. 

1884.  IGoodbody,  Robert.    Fairy  Hill,  Blackrock,  Co.  Dublin. 
1886.  t  Goodfnan,  F.  B,    46  WheeHey's'road,  Edgbaston,  Birmingham, 

1885.  tGooDMAV,  J.  D.,  J.P.     Peachfield,  Edgbaston,  Birmingham. 

1884.  'Goodridge,  Richard  E.  W.     1030  The  Rookery  Building,  Chica<^. 

Dlinois,  U.S.A. 
1884.  jGoodwin,  Professor  W.  L.    Queen's  University,  Kingston,  Ontario, 

Canada. 
1883.  JGoouch,  B.,  B.A.    2  Oxford-road,  Birkdale,  Southport. 

1886.  IGordon,  General  the  Hon.  Sir  Alexander  Hamilton.     50  Queen's 

Gate-gardens,  London,  S.W. 
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1886.  tGordon,  Rev.  Cosmo,  D.D.,  F.R.A.S.,  F.G.S.    ChetwjTid  Rectory, 

Newport,  Salop. 
1871.  ^Gordon,  Joseph  Gordon,  F.C.S.     Queen  Anne's  Mannons,  West- 
minster, S.W. 

1884.  •Gordon,  Robert,  M.Inst.C.E.,  F.R.G.S.      8  St.  Mary-s^reet,  St. 

Andrews,  N.B. 
1857.  tG^rdon,  Samuel,  M.D.    11  Hume-street,  Dublin. 

1885.  JGordon,  Rev.  William.    Braemar,  N.B. 

1887.  iGoi-don,  AVilliam  John.     3  Lavender-gardens,  London,  S.W. 
1865.  JGoRE,  George,  LL.D.,  F.R.S.    67  Broad-street,  Birmingham. 

1875.  *GoTCH,  Francis,  B.A.,  B.Sc.,  F.R.S.,  Professor  of  Physiology  in 

University  College,  Liverpool.  11  Prince's  Park-terrace,  Liver- 
pool. 

1873.  JGott,  Charles,  M.Inst.C.E.  Parkfield-road,  Manningham,  Bradford, 
Yorkshire. 

1840.  tGough,  The  Hon.  Frederick.    Perry  Hall,  Birmingham. 

1857.  JGough,  The  Right  Hon.  George  S.,  Viscount,  M.A.,  F.L.S.,  F.G.S. 
Lough  Cutra  Castle.  Gort,  Co.  Galway,  and  St.  Helen's, 
Booterstowii,  Co.  Dublin. 

1881.  tGouffh,  Thomas,  B.Sc.,  F.C.S.    Ehnfield  College,  York. 

1804.  SGould,  G.  M.    119  South  17th-8treet,  Philadelphia,  U.S.A. 

1888.  JGouraud,  Colonel.    Little  Menlo,  Norwood,  Surrey. 

1873.  XGourlai/,  J,  McMillan,    21  St.  Andrew" s-place,  Bradford^  YorkMre. 
1867.  JGourley,  Henry  (Engineer).    Dundee. 

1876.  tGow,  Robert.    Caimdowan,  Dowanhill,  Glasgow. 
1883.  §Gow,  Mrs.    Caimdowan,  Dowanhill,  Glasgow. 

1873.  §Goyder,  Dr.  D.  Marley  House,  88  Great  Horton-road,  Bradford, 
Yorkshire. 

1886.  tGrabham,  Michael  C,  M.D.    Madeira. 

1867.  •GrahaMj  Sir  Cyril  C,  Bart.,  O.M.G.,  F.L.S.,  F.RG.S.  8  Cheyne- 
walk,  Chelsea,  London,  S.W. 

1875.  tGRAHAiEB,  James.    12  St.  Vincent-street,  Glasgow. 
1802.  §Grange,  C.  Ernest.    Royal  Grammar  School,  lAncaster. 
1803.§§Granger,  F.  S.,  M.A.,  D.Litt.    2  Cranmer-street,  Nottingham. 
1802.§§Grant,  W.  B.     10  Ann-street,  Edinburgh. 

1864.  ^Grantham,  Richard  F.  Northumberland-chambers,  Northumberland- 
avenue,  London,  W.C. 

1881.  JGray,  Alan,  LL.B.    Minster-yard,  York. 

1890.  JGray,  Professor  Andrew,  M.A.,  F.R.S.E.  University  College, 
Bangor. 

1864.  'Gray,  Rev.  Canon  Charles.    The  Vicarage,  Blyth,  Rotherham. 

1805.  JGray,  Charles.    Swan  Bank,  Hlston. 

1876.  JGray,  Dr.    Newton-terrace,  Glasgow. 
1881.  tGray,  p:dwin.  LL.B.    Minster-yard,  York. 

180iJ.  §Gray,  J.  C,  General  Secretary  of  the  Co-operative  Union,  Limited, 

Long  Millgate,  Manchester. 
1802.  'Gray,  James  II.,  M.A.,  B.Sc.    The  University,  GWow. 
1892.  §Gray,  John.    361  Clarewood-terrace,  Brixton,  London,  S.W. 

1887.  JGray,  Joseph  W.,  F.G.S.    Cleveland  Villa,  Shurdington  Road, 

Cheltenham. 
1887.  tGray,  M.  H.,  F.G.S.    I-^essness  Park,  Abbey  Wood,  Kent. 
1886.  "Gray,  Robert  Kaye.     Lessness  Park,  Abbey  Wood,  Kent. 
1881 .  t^ray,  Thomas,  Professor  of  Engineering  in  the  Rane  Technical  In- 
stitute, Terre  Haute,  Indiana,  U.S.A. 
1873.  XOtkj,  William,  M.RLA.    8  Mount  Charles,  Belfast. 
*Grat,  Colonel  William.    Farley  Hall,  near  Reading. 
1883.  JGray,  William  Lewis.    36  Gutter-lane,  London,  E.O. 
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1883.  jGray,  Mrs.  W.  L.    36  Gutter-lane,  London,  E.G. 

1880.  JQreaney,    Rev.    William.      Biahop's    House,     Bath-atrect,    Bir- 

mingham. 

1883.  jGreathead,  J.  II.,  M.In8t.C.E.    16  Victoria-street,  London,  SAV. 
1866.  SGreaves,  Charles  Augustus,  M.B.,  LL.B.    84  Friar-gate,  Derby. 
1893.  "Gpeaves,  Mrs.  Elizabeth.     Station-street,  Nottingham. 

1869.  {Greaves,  William.    Station-etreet,  Nottingham. 
1872.  JGreaves,  William.    33  Marlborough-place,  London,  N.  W. 
1872.  •Grece,  Olair  J.,  LL.D.    Redhill,  Surrey. 

1889.  tGBBBN,  A.  H.,  M.A.,  F.R.S.,  F.G.S.,  Professor  of  Geology  in  the 
University  of  Oxford.     137  Woodstock-road,  Oxford. 

1888.  §Gbebk,  Joseph  R.,  M.A.,  B.Sc.,  F.L.S.,  Professor  of  Botany  to  the 

Pharmaceutical  Society  of  Great  Britain.     17   Bloomabury- 

square,  London,  W.C. 
1887.  tGreene,  Friese.     162  Sloane-street,  London,  S.W. 
1887.  {Greenhalgh,  Richard.   1  Temple-gardens,  The  Temple,  London,  E.C. 
1858.  *Greenha1gh,  Thomas.    Thorny  dikes,  Sharpies,  near  Bolton-le-Moor& 

1882.  {Gbeenhill,  A.  G.,  M. A.,  F.H.S.,  Professor  of  Mathematics  in  the 

Royal  Artillery  CoUeare.  Woolwich.     10  New  Inn,  London, 
W.O. 

1881.  §Greenhouffh,  Edward.    Matlock  Bath,  Derbyshire. 

1884,  JGreenish,  Thomas,  F.C.S.      20  New-street,  Dorse t-squarsy  Liondon, 

N.W. 
1884.  {Greenshields,  E.  B.    Montreal,  Canada. 
1884.  {Greenshielda,  Samuel.    Montreal,  Oanada. 
1887.  iGreenwell,  G.  C,  jun.    Driffield,  near  Derby. 
1863.  tGreenwell,  G.  E.    Poynton.  Cheshire. 

1889.  X(^reenwellj  T.  Q.     JVoodside,  Sunderland. 

1890.  jGreenwood,  Arthur.    Cavendish-road,  Leeds. 

1877.  jGreenwood,  Holmes.    78  King-street,  Accrington. 
1849.  JGreenwood,  William.    Stones,  Todmorden. 

1887.  SGreenwood,  W.  II.,  M.lnst.C.E.  Adderley  Park  Rolling  Mill*, 
Birmingham. 

1887.  •Greg,  Arthur.    Eagley,  near  Bolton,  Lancashire. 

1861.  •Greg,  Robert  Philips,  F.G.S.,  F.R.A.S.  Coles  Park,  Bunting- 
ford,  Herts. 

1860.  JGrbgor,  Rev.  Walter,  M.A.  Pitsligo,  Rosehearty,  Aberdeen- 
shire. 

1868.  ^Gregory,  Sir  Charles  Hutton,  K.C.M.G.,  M.lnst.C.E,     2  Belahaj- 

street,  Westminster,  S.W. 
1804.  SGregory,    J.    Walter,  D.Sc.      British    Museum,   Cromwell-road, 
London,  S.W. 

1883.  JGregson,  G.  E.     Ribble  View,  Preston. 

1881.  JGregson,  William,  F.G.S.    Baldersby,  S.O.,  Yorkshire. 

1869.  JGrierson,  Thomas  Botle,  M.D.    Thornhill,  Dumfriesahlre. 

1870.  JGrieve,  John,  M.D.    Care  of  W.  L.  Buchanan,  Esq.,  212  St.  Mn- 

cent-street,  Glasgow. 

1878.  JGriffin,  Robert,  M.A.,  LL.D.    Trinity  College,  Dublin. 

Griffin,  S.  F.    Albion  Tin  Works,  York-road,  London,  N. 
1894.  •Griffith,  C.  L.  T.     College-road,  Harrow,  Middlesex. 
1894.  •Griffith,  Miss  F.  II.     College-road,  Harrow,  Middlesex. 

1869.  •Griffith,    George,   M.A.     (Assistant    General    Seckbtart.) 

College-road,  Harrow,  Middlesex. 

1870.  {Griffith,  Rev.  Henrj-,  F.G.S.    Brooklands,  Isleworth,  Middlesex. 

1884.  JQRIFFITHS,  E.  H.     12  Park-side,  Cambridge. 
1884.  {Griffiths,  Mrs.     12  Park-side,  Cambridge. 

1891.  {Griffiths,  P.  Rhys,  B.Sc.,  M.B.    71  Newport-road,  Cardiff. 


Digitized  by  VjOOQIC 


LIST  OF  MEMBERS.  45 

Year  of 
Election. 

1847.  JGriffiths,  Thomas.     The    Elmo,  Ilarborne-road,    Edgbaston,  Bir- 
mingham. 

1870.  tGrirasdale,  T.  F.,  M.D.    29  Rodney-street,  Liverpool. 

1888.  •Grimshaw,  James  Walter.    Australian  Club,  Sydney,  New  South 
Wales. 

1884.  tGrinnell,  Frederick.    Providence,  Rhode  Island,  U.S.A. 

1881.  jGripper,  Edward.     MansBeld-road,  Nottingham. 

1894.  §Groom,  P.,  M.A..  F.L.S.     88  Regent-street,  Oxford. 

1894.  §Groom,  T.  T.    The  Poplars,  Hereford. 

1864.  JGroom-Napibr,  Chablbs  Ottlbt.     18   Elgin-road,    St.   Peter's 
Park,  London,  N.W. 

1892.§§Grove,  Mrs.  Lilly,  F.R.G.S.     Mason  College,  Birmingham. 

Grove,  The  Right  Hon.  Sir  William  Robert,  Knt.,  M.A.,  D.C.L., 
LL.D.,  F.kS.    1 16  Harley-street,  London,  W. 

1891.  tGrover,  Henry  IJewellin.    Clydach  Court.,  Pontvpridd. 

1863.  •Groves,  Thomas  B.,  F.CS.    80  St.  Marv-street, "Wevmouth. 

1869.  JGrtjbb,  Sir  Howard,  F.R.S.,  F.R.A.S.     61  Kenilworth- square, 

Rathgar,  Dublin. 

1886.  tGrundy,  John.     17  Private-road,  Mapperley,  Nottingham. 
1891.  JGrylls,' W.    London  and  Provincial  Bank,  Cardiff. 

1887.  JGuiLLEMARD,  F.  H.  H.    Eltham,  Kent. 

Guinness,  Henry.    17  College-green,  Dublin. 
1842.    Guinness,  Richard  Seymour.     17  College-green,  Dublin. 

1886.  tGunn,  .John.    4  Parkside-terrace,  Edinburgh. 

1891.  tGunn,  John.    Llandaff  House,  Llandaff. 

1877.  jGuan,  William,  F.G.S.    Office  of  the  Geological  Survey  of  Scot- 
land, Sheriff's  Court  House,  Edinburgh. 

1866.  tGxJNTHER,  Albert  C.  L.  G.,  M.A.,  M.D.,  Ph.D.,  F.R.S.,  Keeper  of 

the   Zoological  Collections  in  the  British  Museum.    British 
Museum,  South  Kensington,  London,  S.W. 
1894.  §Gunther,  R.  T.    Magdalen  College,  Oxford. 

1880.  §Guppy,  John  J.-    Ivy-plsce,  High-street,  Swansea. 
1876.  JGuthrie,  Francis.    Cape  Town,  Cape  of  Good  Hope. 

1883.  tG^^^rie,  Malcolm,     2  Parkfield-roadf  Liverpool. 

1867.  JGwynne,  Rev.  John.    Tullyagnish,  Letterkennv,  Strabane,  Ireland. 
1876.  ^GwYTHXR,  R.  F.,  M.A.    Owens  College,  Manchester. 

1884.  tHaanel,  E.,  Ph.D.    Cobourg,  Ontario,  Canada. 

1887.  jHackett,  Henry  Eugene.     Hyde-road,  Gorton,  Manchester. 

1866.  XHackneyy  William,   9  Victoriu'chambers,  Victoria-street,  London,  S,  W. 
1884.  tHadden,  Captain  C.  F.,  R.A.     Woolwich. 

1881.  •H ADDON,  Alfred  Cort,  B.A.,  F.Z.S.    Inisfail,  Ilills-road,  Cambridge. 
1842.    HadBeld,  George.    Victoria-park,  Manchester. 

1888.  •Hadfield,  R.  A.    Hecla  Works,  Sheffield. 

1892.  SHaigh,  E.,  M.A.    Ix)ngton,  Staffordshire. 

1870.  JHaigh,  George.    27  H^hfield  South,  Rock  Ferry,  Cheshire. 
1879.  tHAKB,  H.  Wilson,  Ph.D.,  F.CS.    Queenwood  College,  Hants. 
1887.  tHale,  The  Hon.  E.  J.     9  Mount-street,  Manchester. 

1879.  •Hall,  Ebenezer.    Abbeydale  Park,  near  Sheffield. 

1883.  *IIall,  Miss  EmUy,     Burlington  House,  Spring   Grove,  Isleicorthy 

Middlesp,r. 
1881.  tHall,  Frederick  Thomas,  F.R.A.S.    16  Gray's  Inn-square,  London, 

W.C. 
1854.  •Hall,  Hugh  Fbrqie,  F.G.S.    Staverton  House,  Woodstock-road, 

Oxford. 
1887.  JHall,  John.    Springb  ink,  Left wich.  North wich. 
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1872.  •Hall,  Captain  Marshall,  F.G.S.   Eaaterton  Lodge,  Parkstone  It&O, 

Dorset. 
1886.  §Hall,  Samuel.     19  Aberdeen  Park,  Highbury,  London,  X. 
1884.  t  Hall,  Thomas  Proctor.   School  of  Practical  Science,  Toronto,  Canadt. 
1866.  •Hall,  Townbhknd  M.,  F.G.S.    Orchard  House,  Pilton,  Barnstaple. 
1891.  •Hallett,  George.  Cranford,  Victoria-road,  Penarth,  Glamorgan^hiit. 

1891.  SHallett,  J.  H.,  M.Inst.O.E.    Maindy  Lodge,  Carditf. 

1873.  •Hallett,  T.  G.  P.,  M.A.    Olaverton  Lodge,  Bath. 

1888.  §Halltbukton,  W.  D.,  M.D.,  F.R.S.,  Professor  of   Physit^logy  in 
King*6  College,  London.    9  Ridgmount-gardens,  Qower-streft. 
London,  W.O. 
Halsall,  Edward.    4  Somerset-street,  Kinjrsdown,  Bristol. 

1886.  XHambleton,  G.  W.   23  Bryanston-street,  Portman-Bqiutre,  LiwuionJV. 

1858.  •Hambly,  Charles  HamblyBurbridge,  F.G.S.   Holmeside,  Hazelwood. 

Derby. 

1883.  •Hamel,  Egbert  D.  de.    Middleton  Hall,  Tamworth. 
1886.  JHamilton,  David  James.     1a  Albyn-place,  Aberdeen. 

1869.  jHamilton,  Rowknd.    Oriental  Club,  Hanover-square,  London,  W. 
1888.  •Hammond,  Anthony,  J.P.     10  Royal-crescent,  Bath. 
1861.  XHiimrrumdj  C,  C.    Loicer  Brook-street,  Ipswich, 

1881.  •Hammond,  Robert.     18  Dickerson-road,  Crouch  End,  London,  N- 

1892.  JHanburv,  Thomas,  F.L.S.    La  Mortola,  Ventimiglia,  Italy. 

1878.  JHance,  Edward  M.,  LL.B.     15  Pelham-grove,  Sefton  Park,  Lircr- 
pool. 

1876.  JHancock,  C.  F.,  M.A.    126  QueenVgate,  London,  S.W. 

1861.  JHancock,  Walter.      10  Upper  Chadwell-street,  Pentonville,  Lon- 
don, E.O. 

1890.  JHankin,  Ernest  Hanbury.    St.  John's  College,  Cambridge. 

1882.  {Hankinson,  R.  C.    Bassett,  Southampton. 

1884.  §Hannaford,  E.  P.    2673  St.  Catherine-street.  Montreal,  Canada. 
1894.  SHannah,  Robert,  F.G.S.    82  Addison-road,  London,  W. 

1859.  Jl/iwinay,  John.     Montcoffer  House,  Aberdeen. 

1886.  §  Hansford,  Charles.    3  Alexandra-terrace,  Dorchester. 

1859.  •IUrcoubt,  a.  G.  Vernon,  M.A.,  D.C.L.,  LL.D.,  F.R.S.,   F.C.S. 

(Gbneral  Secretary.)    Cowley  Grance,  Oxford. 
1890.  •IIabcourt,  L.  F.  Vernon,  M.A.,  M.In8t.C.E.  6  Queen  AnneV<rate, 

London.  S.W. 
1886.  •Hardcastle,  Basil  W.,F.S.S.  Beechenden,  Hampstead,  London, X.AV. 
1892.  •Harden,  Arthur,  F.C.S.  Ashville,  Upper  Chorlton-road,  Mancht^ster. 
1 866.  t Harding,  Charles.    Harbome  Heath,  Birmingham. 
1869.  JHardmg,  Joseph.    Millbrook  House,  Exeter. 

1877.  JHarding,  Stephen.     Bower  Ashton,  Clifton,  Bristol. 

1869.  Jllarding,  William  D.    Islington  Lodge,  King's  Lynn,  Norfolk. 
1886.  J:-Hii7*rfwan,  John  B.    St.  John's,  Hunter's- lane,  Birmingham. 
1894.  §Hardman.  S.  C.     225  Lord-street,  Southport. 
1894.  5 Hare,  A.  T.,  M.A.    Neston  Lodge,  East  Twickenhan).  Middlesex. 
1394.  §Hare,  Mrs.     Neston  Lodge,  East  Twickenham,  Middlesex. 
1838.  •Hare,  Charles  John,  M.D.     Berkeley  House,   15  Manchester- 
square,  London,  W. 
1868.  JHargravo,  James.    Burley,  near  Leeds. 

1883.  tHargreaves,  Miss  H.  M.    69  Alexandra-road,  Southport. 
1883.  JFTargreaves,  Thomas.    69  Alexandra-road,  Southport. 
1890.  jHargrove,  Rev.  Charles.     10  De  Grey-terrace,  Leeds. 
1881.  t Hargrove,  William  Wallace.    St.  Mary's,  Bootham,  York. 
1890.  §Harker,  Alfred,  M.A.,  F.G.S.    St  John's  College,  Cambric]^. 
1876.  Jllarker,  Allen,  F.L.S.,  Professor  of  Natural  History  in  the  Roval 

Agricultural  College,  Cirencester. 


Digitized  by  VjOOQIC 


LIST  OF  MEMBERS.  47 

Tear  of 
Election. 

1887.  tHarker,  T.  H.    Brook  House,  FaUowfield,  Manchester. 

1878.  •Harknese,  H.  W.,  M.D.      Oalifornia  Academy  of   Sciences   San 
Francisco,  California,  U.S.A.  ' 

1871.  JHarkneM,  WilUam,  F.C.S.    Laboratory,  Somerset  House,  London, 

1875.  •Harland,  Rev.  Albert  Auprustus,  M.A.,  F.G.S.,  F.L.S.,  F.S  A     The 

Vicarage,  Harefield,  Middlesex. 
1877.  •Harland,  Henry  Seaton.    8  Arundel-terrace,  Brighton,  Sussex 
1883.  •Harley,  Miss  Clara.    The  Quintic,  Savile  Park,  HaUfax,  Yorkshire 
1862.  •Habley,  George,  M.D.,  F.R.S.,  F.O.S.    26  Harleyi^etTw 

don,  ^.  ' 

1883.  •Harley,  Harold.    14  Chapel-street,  Bedford-row,  London,  W  C 

1862.  •Haklet,    Rev.  Robert,  M.A    F.R.S.,  F.R.A.S.     The  Quintic, 

Savile  Park,  Halifax,  Yorkshire. 
1808.  •Hariibr,  F.  W.,  F.G.S.    Oakland  House,  Cringleford.  Norwich 
1881.  •Harmer,  Sidney  F.,  M.A.,  B.Sc.    King's  CoUege,  Cwnbridffe.  ' 

]^il'  15^''  ^  ^'  ,,^'r  ^y^'y^^'  Ports^od,  So^'ampton.    ^ 

1872.  JHarpley,  Rev.  William,  M.A.    Olayhanger  Rectory,  Tiverton 

1884.  JHarrington,   B.    J.,    B.A.,   Ph.D.,    Professor    of   Chemistry    and 

Mineralogy  m  McGill  University,  Montreal.      Wallbrac-place 
Montreal,  Canada.  ^       ' 

1872.  •Harris,  Alfred.    Lunefield,  Kirkby  Lonsdale,  Westmoreland 

1888.  tHarris,  C.  T.    4  Kilbum  Prionr,  London,  N.W 

]lta   !Harris,G.  W.,M.Inst.C.E     Mora^-pkce,  Dunedin,  New  Zealand. 

1889.  SHarris,  H.  Graham,  M.In8t.C.E.    6  Great  George-street  W^st- 

minster,  S.W.  ' 

1834.  Jllarris,  Miss  Katherine  E.    73  Albert  Hall-mansions,  Konsin^ton- 
grore,  London, S.W.  " 

1888.  tHarrison,  Charies.    20  Lennox-ffardens,  London.  S  AV 
1860.  tHarrison,  Rev.  Francis,  M.A.    North  AVraxall,  Chippenham 
1864.  JHarrison,  George.    Bamslev,  Yorkshire. 

1874.  tHarrison,  G.  D.  B.    3  Beaufort-road,  Clifton,  Bristol 

1868.  •Harrison,  James  Park,  M.A.     22  Connaught-street,  Hyde  Park 

London,  W. 
1892.  JHARRisoy,  John.    Rockville,  Napier-road,  Edinbunrh 

1889.  JHarrison,  J.  C.    Oxford  House,  Castle-road,  Scarboromrh 

1870.  JHarrison,  Reginald,  F.R.C.S.    6  Lower  Berkeleyltreet    Port- 

man-square,  London,  W.  j  f 

1863.  tHarrison,  Robert.    36  Georjre-street,  Hull. 

1892.  tHarrison,  Rev.  S.  N.    Ramsay,  Isle  of  Man. 

1880.  tHarrison  W.  Jerome,  F.G.S.    Board  School,  Icknield-street  Bir- 
minprham.  ' 

if?«    ISZ^'r^'"'^''  "^'^  10  Cfl/Mo/^^-romf,  mffbasion,  Binninghavi. 

1876.  •Hart,  Thomas.    Brooklands,  Blackburn. 
1876.  tHart,  W.  E.     Kilderry,  near  Londonderry. 

1893.  •Hartlatid,  E.  Sidney,  F.S.A.    Barnwood  Court,  Gloucester 

Hartley,  James.    Sunderland. 

1871.  tHARXiOT,  Walter  Noel,  F.R.S.,  FR.S.E.,  F.C.S.,  Professor  of 

Chemistry  m  the  Royal  Collegre  of  Science,  Dublin 

1890.  *HaHnelly  Wilson,    ^  Blenheim-terrace,  Leeds 

1886.  •Hartoo,  Professor  M.  M.,  D.Sc.    Queen^s  College.  Cork 

1887.  SHartog,  P.  J.,  B.Sc.    Owens  CoUege,  Manchester. 
1886.5§Harvie-Brown,  J.  A.    Dunipace,  Larbert,  N.B. 
1862.  •Harwood,  John.    Woodside  Mills,  Bolton-le-Moora 

1  tit*  J5"}*"'  S®^-  ^T^^'  ^;^-    Trinity  College,  Toronto,  Canada. 
J^o    J2*«^°''  ?^°^?«  J?P«»'  M.D.    Owens  College,  Manchester. 
1893.  SHaslam,  Lewis.    Ravenswood,  near  Bolton,  Lancashire. 

Digitized  by  VjOOQIC 


48  LIST  OF  MEMBERS. 

Year  of 
Election. 

1875.  •Hasttkos,  G.  W.    23  Kensington-square,  London,  W. 
]880.  tHatch,  Dr.  F.  IL,  F.G.S.    28  Jermyn-street,  London.  S.  W. 

1 893.  §§  Hat  ton,  John  L.  S.     People's  Palac«»,  Mile  End-road,  London,  E. 

1857.  JHaughton,  Rev.  Sa^mtjel,  M..\.,  M.D.,  D.O.L.,   LL.D.,    F.R.S., 

M.R.LA..  F.G.S.,  Senior  Fellow  of  Trinity  College,    DuUin. 
Trinity  CoUepfe,  Dublin. 
1887.  •Hawkins,  William.     11  Fountain-street,  Manchester. 

1872.  •Hawkshaw,  Henry  Paul.    68  Jenuyn-street,  St.  James's,  LiOndon, 

S.W. 
1864.  •Hawkshaw,  .Tohn  Clarke,  M.A.,  M.Inst.C.E.,  F.G.S.     2  Down- 
street,  W.,  and  33  Great  Georpe-street,  London,  S.'SV. 

1884.  'Haworth,  Abraham.    Hilston  Hous*^,  Altrincham. 
1889.§§Haworth,  George  C.   Ordsal,  Salford. 

1887.  •Haworth,  Jesse.    Woodside,  Bowdon,  Cheshire. 

1887.  tHaworth,  S.  E.    Warsley-road,  Swinton,  Manchester. 
1880.  tHaworth,  Rev.  T.  J.    Albert  Cottage,  Saltley,  Birmingham. 
1800.  jHawtin,  J.  N.     Sturdie  House,  Roundhay-road,  Leeds. 

1 877 .  t Hay ,  A  rthur  J.     Lerwick,  Shetland . 

1861.  •Hay,  Admiral  the  Right  Hon.  Sir  John  C.  D.,  Bart.,   K.C.R, 
D.C.L.,  F.R.S.     108  St.  George*s-square,  London,  S.  W. 

1885.  •Ilaycraft,  John  Berry,  M.D.,  B.Sc,  F.R.S.E.    University  Colletre, 

Cardiff. 
1891.  JHayde,  Rev.  J.    St.  Peter's,  Cardiff. 

1894.  §  Hayes,  Edward  Harold.    5  Rawlinson-road,  Oxford. 

1873.  •Hayes,  Rev.  William  A.,  M.A.     Dromore,  Co.  Down,  Ireland. 

1858.  •Hatward,  Robert  Baldwin,  M.A.,  F.R.S.    AAcombe,  Skanklin, 

Isle  of  Wight. 

1888.  I  Hazard,  Roiolatid  R,    LittU  Mulffrave  House,  HurUngham. 

1851.  §Head,  Jbrbmiah,  M.InstC.E.,  F.C.S.    47  Victoria- street,  West- 

miostAr,  S.W. 
1883.  tHeadley,  Frederick  Ilalcombe.    Manor  House,  Petersham,  SAV. 
1883.  JHeadley,  Mrs.  Marian.    Manor  House,  Petersham,  S.W. 
1883.  §Headley.  Rev.  Tanfield  George.    Manor  House,  Petersham,  S.W. 
1871.  §Healey,  George.    Brantfield,  Bowness,  Windermere. 
1883.  •Heap,  Ralph,  jun.     1  Brick-court,  Temple,  London,  E.C. 
1861.  •Heape,  Benjamin.    Northwood,  Prestwich,  Manchester. 
1883.  JHeape,  Charles.    Tovrak,  Oxton,  Cheshire. 
1883.  JHeape,  Joseph  R.    90  Tweedale-street,  Rochdale. 

1882.  •Heape,  Walter,  M.A.     St.  Mary's,  Trumpington,  Cambridge. 
1877.  JHearder,  Henry  Pollington.    Westwell-street,  PlymouUi. 
1877.  tHearder,  William  Keep,  F.S.A.    195  Union-street,  Plymouth, 

1883.  t Heath,  Dr.    46  Hoghton-street,  Southport. 
1866.  tHeath,  Rev.  D.  J.    Esher,  Surrey. 

3884.  jHeath,  Thomas,  B.A.    Royal  Observatory,  Edinburgh. 

1883.  tHeaton,  Charles.    Marlborough  House,  Hesketh  Park,  Southport. 

1886.  tHeaton,  Miss  Ellen.     Woodhouse-square,  Leeds. 

1866.  JHeaton,  Harry.    Harbome  House,  Harbome,  Birmingham. 
i892.  •Hbaton,  William  H.,  M.A.,  Professor  of  ^'hysics  in  UniversitT 
College,  Nottinfifham. 

1889.  •Ileaviside,  Arthur  West.    7  Grafton-road,  'NMiitley,  Newcastle-upon- 

Tyne. 

1884.  §Heaviside,  Rev.  George,  B.A.,  F.R.G.S.,  F.R.Hist.S.    7  Grosvenor- 

street,  Coventry. 
18.*W.  tHBAvisiDE,  Rev.  Canon  J.  W.  L.,  ^F.A.    The  Close,  Norwich. 
1888.  •Heawood,  Edward,  B.A.,  F.G.S.     Skelwith  Bridge,  Ambleside. 
1888.  •Heawood,  Percy  Y.,  I^ecturer  in  Mathematics  at  Durham  University 
41  Old  El  vet,  Durham. 


Digitized  by  VjOOQIC 


LIST  OF  MKMHEKS.  40 

Tear  of 
Election. 

1856.  JHbctor,  Sir  James,  K.O.M.G.,  M.D.,  F.R.S.,  F.G.S.,  F.R.G.S., 
Director  of  the  Geological  Survey  of  New  Zealand.  Wellington, 
New  Zealand. 

1867.  JHeddle,  M.  Foreter,  M.D.,  F.R.S.E.    St.  Andrews,  N.B. 

1882.  X^^9^f  Philip.     Cumberlfmd'pletce,  Southampton. 

1887.  •Hedges,  Killiwqwobth,  M.Inst.C.E.  92  Victoria-street,  London. 
S.W. 

1803.  t^^%)  Thomas.     Cox  Lodge,  near  Kexocastle-vpon^Tyne, 

1881.  •Hblb-Shaw,  H.  S.,  M.Inst.C.E.,  Professor  of  Engineering  in  Uni- 
versity College,  Liverpool.    20  Waveriej-road,  Liverpool. 

1887.  JHembry,  Frederick  William,  F.R.M.S.  Sussex  Lodge,  Sidcup,  Kent. 

1867.  tHenderson,  Alexander.    Dundee. 

1873.  •Henderson,  A.  L.    277  Lewisham  High-road,  London,  S.E. 

1883.  JHenderson,  Mrs.  A.  L.    277  Lewisham  High-road,  London,  S.E. 

1801.  •Henderson,  G.G.,D.Sc.,M.A.,F.C.S.,F.I.C.,  Professor  of  Chemistry 

in  the  Glasgow  and  West  of  Scotland  Technical  College.    204 

George-street,  Glasgow. 
1802.$  §  Henderson,  John.    3  St.  Catherine-place,  Grange,  Edinburgh. 
1880.  •Henderson,    Captain  W.    H.,   R.N.    21    Albert   Hall-mansions, 

London,  S.W. 
1886.  JHenderson,  Sir  William.    Devanha  House,  Aberdeen. 

1802.  §Henigan,  Richard.    Alma-road,  The  Avenue,  Southampton. 

1866.  JHennesst,  He.^rt  G.,  F.R.S.,  M.R,LA.  81  Marlborouch-road. 
Dublin. 

1873.  •Henrtci,  Olaus  M.  F.  E.,  Ph.D.,  F.R.S.,  Professor  of  Mechanics 

and  Mathematics  in  the  City  and  Guilds  of  London  Inntitute. 

Central    Institution,    Exhibition-road,    London,     S.W.      34 

Clarendon-road,  Notting  Hill,  W. 
Henry,  Franklin.    Portland- street,  Manchester. 
Henry,  J.  Snowdon.    East  Dene,  Bonchurch,  Isle  of  Wight. 
Henrv,  Mitchell.    Stratheden  House,  Hyde  Park,  London,  W. 

1884.  JHenshaw,  Georsre  H.    43  Victoria-street,  Montreal,  Canada. 
1802.  tHepbum,  David,  M.D.,  F.R.S.E.     The  University,  Edinburgh. 
1866.  •Hepburn,  J.  Gotch,  LL.B.,  F.C.S.    Dartford,  Kent. 

1866.  }  Hepburn,  Robert.  0  PorUand-place,  London,  W. 
1800.  :(Hepper,  J.  43  Cardigan-road,  Headingley,  Leeds. 
1800.  JHepworth,  Joseph.    26  Wellington-street,  Leeds. 

1802.  •Herbertson,  Anarew  J.    University  Hall,  Edinburgh. 

1887.  •Herdiian,  William  A.,D.Sc.,F.R.S.,  F.R.S.E.,  F.L.S, Professor  o£ 
Natural  History  in  Universitv  College,  Liverpool. 

1803.  'Herdman,  Mrs.    32  Bentley-road,  Liverpool. 
1891.  Jllem,  S.    South  Cliff,  Marine  Parade,  Penarth. 

1871.  •Herschet.,  Alexander  S.,  M.A.,  D.C.L.,  F.R.S.,F.RA.S.,nonorarr 
Professor  of  Physics  and  Experimental  Philosophy  in  the  Uni- 
versity of  Durham  College  of  Science,  Newcastle-upon-Tyne. 
Observatory  House,  Slough,  Bucks. 

1874.  §Her8Chel,  Colonel    John,  R.E.,  F.R.S.,  F.R.A.S.    Observatory 

House,  Slough,  Bucks. 
1800.  JHewetson,  H.  Bendelack,  M.R.C.S.,  F.L.S.    11  Hanover-square, 

Leeds. 
1884.  §Hewett,  George  Edwin.    Cotswold  House,  St.  John's  Wood  Park, 

London,  N.W. 

1804.  5Hewins,  W.  A.  S  ,  M.A.,  F.S.S.    26  Leckford-road,  Oxford. 
1803.  5  Hewitt,  Thomas  P.    Eccleston  Park,  Prescot,  Lancashire. 

1883.  tllewpon,  Thomas.    Care  of  J.  C.  C.  Payne,  Esq.,  Botanic-avenue, 

The  Plains  Belfast. 
1S81.  tHev,  Rev.  William  Croser,  M.A.    Clifton,  York. 

1894.  D  ^  T 

Digitized  by  VjOOQIC 


60  LIST  OF  MEMBERS. 


Tour  of 
Bleotlon. 


1882.  tHeycock,  Charles  T.,  B.A.    King^s  Oollefre,  Cambridjre. 

1883.  jHeyes,  Rev.  John  Frederick,  M.A.,  F.C.S.,  F.R.G.S.    3  Beacons- 

*  field-villas,  Dynbam-road,  West  Hamptead,  LondoD|  N.  W. 
1866.  'Heyniaiuiy  Albert    West  Biidgford,  Nottingbamshixe. 
1879.  jHeywood,  A.  Percival.    Duffield  Bank,  Derby. 
1861.  ^Heywood,  Arthur  Henrv.    Ellerav,  Windermere. 

1886.  JHbywood,  Hbnrt,  J.P.",  F.C.S.    Witla  Court,  near  CardiE 

1833.  •Hbtwood,  Jambb,  F.R.S.,  F.G.S.,  F.S.  A.,  F.R.G.S.,  F.S.S.    26  Kan- 

sin(|^n  Palace-gardens,  London,  W. 

1887.  jHey wood,  Robert    Mayfield,  Victoria  Park,  Manchester. 

Heywood,  Thomas  Peicival.    Claremont,  Manchester. 

1888.  jHichens,  James  Harvey,  M.A.,  F.G.S.    The  College,  Cheltenham. 
1881.  §HiCK,  Taomab,  B.A.,B.Sc.  Brighton  Grove,  Rusholme,  Manchester. 
1875.  IHioxs,   Hkkbt,  M.D.,  F.R.S.,  F.G.S.    Hendon   Grove,  Heodon, 

Middlesex.  N.W. 
1877.  §HiCK8,  ProfesMor  W.  M.,  M.A.,  D.Sc.,  F.R.S.,  Principal  of  Firth 
College,  Sheffield.    Firth  College,  Sheffield. 

1886.  tHicks,  Mrs.  W.  M.    Dunbeved,  Kndcliffe-orescent,  Sheffield. 

1834.  tHicluon,  Joseph.    272  Mountain-street,  Montreal.  Canada. 

1887.  •fliCKsoN,  Stdkbt  J.,  M. A.,  D.Sc.,  Professor  of  Zoolc^  in  Owens 

Collesre,  Manchester. 
1864.  •HiBBN,  W.  P.,  M.A.    Castle  House,  Barnstaple. 

1875.  JHigjrins,  Charles  Hayes,  M.D.,  M.R.C.P.,  F.R.C.S.,  F.R.S.R  Alfred 

House,  Birkenhead. 

1871.  JHioanrs,  Clbmbnt,  B.A.,  F.C.S.    5  Trebovir-road,  EarFs  Cooit, 

London,  S.W. 
1891.  SHiggs,  Henry,  LL.B.,  F.S.S.    164  Brixton  Hill,  London,  S.W. 

Hildvard,  Rev.  James,  B.D.,  F.C.P.S.     Ingoldsby,  near  GzaDtham, 

Lincolnshire. 
1894.  SHill,  Rev.  A.  Du  Boulay.    The  Vicarage,  Downton,  W^lts. 

1885.  *Hill,  Alexander,  M.A.,  M.D.    Downing  College,  Cambridge. 

1872.  §Hill,  Charles,  F.S. A.    Rockhurst,  West  Hoathly,  East  Grinstead. 
*Hili,  Rev.  Canon  Edward,  M^.,  F.G.S.    Sheering  Rectory,  Harlow. 

1881.  •Hill,  Rev.  Edwut,  M.A.,  F.G.S.    The  Rectory,  Cockfield,  R.S.O., 
Suffolk. 

1887.  tBjll,  G.  H.    Albert-chambers,  Albert-square,  Manchester. 

1884.  {Hill,  Rev.  James  Edgar,  M.A.,  B.D.    2488  St.  Catberine-etxcet, 

Montreal,  Canada. 

1886.  JHiLL,  M.  J.  M.,  M.A.,  D.Sc,  F.R.S.,  Professor  of  Pure  Mathematics 

in  University  College,  Jjondon. 
1881.  jHill,  Pearson.    50  Belsize  Park,  London.  N.W, 

1885.  ^Hill,  Sidney.    Langford  House,  Langford,  BristoL 

1888.  JHill,  William.    Hitchin,  Herts. 

1876.  tHiU,  William  H.    Barlanark,  ShetUeston,  N.B. 

1885.  •HiLLHOusB,  William,  M.A.,  F.L.S.,  Professor  of  Botany  in  Maeon 

Science  College,  Birmingham.     95  Harborne-road,  Edgbaston. 
Birmingham. 

1886.  §Hillier,  Rev.  E.  J.     Cardington  Vicarage,  Bedford. 
1863.  tffiUs,  F.  C.    Chemical  Works,  Deptfoid,  Kent.  S.E. 

1887.  tHilton,  Edwin.    Oak  Bank,  Fallow6eld,  Manchester. 

1858.  JHiNCEs,  Rev.  Thomas,  B.A.,  F.RS.     Stokeleigh,  Leigb  Woods, 

Clifton,  Bristol. 
1870.  tHnros,  G.  J.,  Ph.D.,  F.G.S.    Avondale-road,  Croydon,  Surrey. 
1883.  *Hindle,  James  Henry.    8  Cobham-street,  Accrington. 

1888.  •Hiudmarsh,  William  Thomas,  F.L.S.    Alnbank,  Alnwick, 

188G.  ^Hingley,  Sir  Benjamin,  Bart.,  M.P.    Hatherton  Lodge,  Cradlcy, 
Worcestershire. 


Digitized  by  VjOOQIC 


LIST  OF  MEMBEKS.  61 

YMTOf 

Election. 

1881,  tHiugston,  J.  T.    Clifton,  York. 

1884.  fHiHOSTOx,  WiLLiAU  Hales,    M-D.^  D.G.L.     37  Union-aTenue, 

MoDtreal,  Canada. 
1884.  tHirachaider,  C.  A.    Toronto,  Canada. 

1890.  •Hirst,  James  Andu*.    Adel  Tower,  Leeds. 
1858.  {Hirst,  John,  jun.    Dobcross,  near  Manchester. 

1884.  tHoadrey,  John  Chipman.    Boston,  Massachusetts,  U.S.A. 

Hoare,  J.  Gumey.    Hampstead,  London,  N.W. 
1881 .  JHobbes,  Robert  George.    Livingstone  House,  374  Wandsworth-road 
London,  S.W. 

1879.  tHobkirk,  Charles  P.,  F.L.S.    West  Riding  Union  Bank,  Dewsbury. 
1887.  •Hobson,  Bernard,  B.Sc.    Tapton  Elms,  Sheffield. 

1883.  i^Hobson,  Mrs.  Carey.     6  Beaumont-crescent,   West  Kensington, 

London,  W. 
1883.  tHobson,Rev.  E.  W.    56  Albert-road,  Southport. 
1877.  JHockin,  Edward.    Poughill,  Stratton,  Cornwall. 

1883.  tHockinff,  Rev.  Silas  K.    21  Scarisbrick  New-road,  Southport. 
1877.  JHodge,  Rev.  John  Mackev,  M.A.    38  Tavistock- place,  Plymouth. 
1876.  tHodges,  Frederick  W.    Queen's  College,  Belfast. 

1852,  JHod^s,  John  F.,  M.D.,  F.C.S.,  Professor  of  Agriculture  in  Queen's 

College,  Belfast. 
1863.  •Hodgkiw,Thoiiaj8,  B. A.,D.C.L.  Benwell  Dene,  Newcastle-upon-Tyne. 
1887.  *Hodgkinson,  Alexander,  M.B.,  B.Sc.,  Lecturer  on  Laryngology  at 

Owens  College,  Manchester.     1 8  St.  John-street,  Manchester. 

1880.  SHodgkinson,  W.  R.  Eaton,  Ph.D.,F.R.S.E.,  Professor  of  Chemistry 

and  Physics  in  the  Royal  Artillery  College,  Woolwich.    8 
Park-villas,  Blackheath,  London,  S.E. 
1873.  •Hodgson,  George.    Thornton-road,  Bradford,  Yorkshire. 

1884.  t Hodgson,  Jonathan.     Montreal,  Canada. 
1863.  JHodgson,  Robert.     Whitburn,  Sunderland. 

1863.  JHodgson,  R.  W.    7  Sandhill,  Newcastle-upon-Tyne. 

1894.  §Hogg,  A.  F.     134  Birchanger-road,  South  Norwood,  London,  S.E. 

1894.  §Holah,  Ernest.    6  Crown-court,  Gheapside,  London,  EC. 

1854.  •Holcroft,  George.    Tyddyngwladis,  Ganllwyd,  near  Dolgelly,  North 

Wales. 
1883.  tHolden,  Edward.    Laurel  Blount,  Shipley,  Yorkshire. 
1873.  •Holden,  Sir  Isaac,  Bart.,  M.P.    Oakworth  House,  near  Keighley, 

Yorkshire. 
1883.  tHolden,  James.     12  Park-avenue,  Southport. 

1883.  tHolden,  John  J.    23  Duke-street,  Southport. 

1884.  tHolden,  Mrs.  Mary  £.    Dunham  Ladies^  College,  Quebec,  Canada. 
1887.  •Holdsworth,  C.  J.    Hill  Top,  near  Kendal,  Westmoreland. 

1891.  §Holgate,  Benjamin,  F.G.S.      Cardigan  Villa,  Grove-lane,  Hend- 

ingley,  Leeds. 

1879.  tHoUand,  Calvert  Bernard.    Hazel  Villa,  Thicket-road,  Anerley, 
London,  S.E. 
•HoLand,  Philip  H.    3  Heath-rise.  Willow-road,  Hampstead,  Lon- 
don, N.W. 

1889.§$Hollander,  Bernard.    King's  College,  Strand,  London,  W.C. 

1886.  tHoUiday,  J.  R.     101  Harbome-road,  Birmingham. 

1865.  tHolliday,  William.    New-street,  Birmingham. 

1883.  tHollingaworth,  Dr.  T.  S.    Elford  Lodge,  Spring  Grove,  Isleworth, 

Middlesex. 
1883.  *Holmes,  Mrs.  Basil.    5  Freeland-road,  Ealing,  Middlesex,  W. 

1866.  •Holmes,  Charles.    59  London-road,  Derby. 

1892.  tHolmes,  Matthew.    Netherby,  Lenzie,  Scotland. 

1889.  tHolmes,  Ralphs  B,A.    Jlulme  Grammar  School,  Manchester, 

Digitized  by  VjOOQIC 


Zfi  LIST  OF  MEMBERS. 

T'iir<»f 
Eloction. 

]882.  •IToT.MES,  Thomas  Vincent,  F.Q.S.  28  OroomVhill,  Greenwich,  S.E- 

1801.  "Hood,  Archibald,  M.InRt.r.E.    42  Newport-road,  Cardiff. 
1875,  •Hood,  John.    Chesterton,  Cirencester. 

1847.  JIIooKER,  Sir  Joseph  Daxton,  K.C.S.I.,  C.B.,  M.D.,  D.O.L,,  IX.D., 
F.R.S.,  F.L.S.,  F.G.S.,  F.R.G.S.    The  Camp,  Sunningdale. 

1802.  §IIooker,  Reginald  XL,  B.A.    Royal  Statistical  Society,  9  Adelphi- 

terrace,  London,  W.C. 
18G5.  •Hooper,  John  P.    Coventry  Park,  Streatham,  London,  S.W. 
1877.  •Hooper,  Rev.  Samuel  F.,  M.A.    The  Vicarage,  Blackheath  Hill, 

Greenwich,  S.E. 
1860.  {Hooton,  Jonathan.    116  Great  Ducie-street,  Manchester. 
1 842.    Hope,  Thomas  Arthur.  1 4  Airlie-^ardens,  Campden  Hill,  London,  W. 
1884.  •Hopkins,  Edward  M.    Orchard  Dene,  Henley-on-Thames. 
1805.  IHopkins,  J.  S.    Jesmond  Grove,  Edshaston,'Birmingrham. 

1884.  •HoPKTNsoN,  Chables.    The  Limes,  Uidsbury.  near  Manchester. 

1882.  •Hopkinson,  Edward,  M.A.,  D.Sc.    Oakleigh,  Timperley,  Cheshire. 

1870.  •Hopkinson,  John,  M.A.,  D.Sc.,  F.R.S.    Holmwood,  Wimbledon, 

Surrey. 

1871.  •HopEtNsON,  John.  F.L.S.,  F.G.S.,  F.RMet.Soc.    34  Margaret- 

street,  Cavendish-square,  London,  W. ;    and  The  Grange,  St. 
Alhans. 
185S.  iHopHnson,  Joseph,  jun.    Britannia  Works,  Huddersfield. 

1801.  JHorder,  T.  Garrett.    10  Windsor-place,  Cardiff. 

Homhy,  Hugh.    Sandown,  Liverpool. 
1880.  JlTorni?,  Edward  H,    Innisfail^  Beulah  Hill,  Norwood,  S.E. 

1885.  JHoRNE,  John,  F.R.S.E.,  F.G.S.    Geological  Survey  Office,  Sheriff 

Court-huildings,  Edinhurgh. 
1875.  •Homiman,  F.  J.,  F.R.G.S.,  F.L.S.    Surrey  Mount,  Forest  Hill, 

London,  S.E. 
1884.  •Horsfall,  Richard.    Stoodley  House,  Halifax. 

1887.  Jllorsfall,  T.  0.    Swanscoe  Park,  near  Macclesfield. 

1802.  XHorsley,  lieginald  E.,  M.B,     40  Heriot-row,  Edinburgh, 

1803.  •HoRSLET,  Victor  A.  H.,  B.Sc.,  F.R.S.,  F.R.C.S.,  Profeaeor  of 

Pathology    in    University  College,  London.      25    CftTendish* 
square,  London,  W. 

1884.  •Hothkck,  G.  S.    Prince  of  Wales-road,  Norwich. 

1888.  XHottorij  W,  C.     Upper  King-street,  Norxoich, 

1850.  t Hough,  Joseph,  M.A.,  F.RA.S.    Codsall  Wood,  Wolverhampton. 
1880.  JHoughton,F.T.S.,M.A.    110  Gough-road,Edgha8ton, Birmingham. 
1887.  JHouldsworth,  Sir  W.  H.,  Bart.,  M.P.    Norhury  Booths,  Knutsfoxd. 
18S4.  t  Houston,  William.    Legislative  Library,  Toronto,  Canada. 

1883.  •Hovenden,  Frederick,  FiL.S.,  F.G.S.    Glenlea,  Thurlow  Park-road, 

West  Dulwich,  Surrey,  S.E. 
Hovenden,  W.  F.,  M.A.    Bath. 
T803.  §Howard,  F.  T.,  B.A.,  F.G.S.    University  College,  Cardiff. 
1883.  tHoward,  James  Fielden,  M.D.,  M.R.C.S.     Sandycrott,  Shaw. 
1830.  •Howard,  James  L., D.Sc.  80 St.  John*s-road,  Waterloo, near  Li verpool. 
1887.  •Howard,  S.  S.    Bayfield,  Beckenham,  Kent 
1882.  JHoward,  William  Frederick,  A8soc.M.Inst.C.E.      13  Cavwidi&h- 

street,  Chestei'field,  Derbyshire. 
1880.  JHowatt,  David.    3  Birmingham-road,  Dudley. 
1870.  JHowatt,  James.    140  Buchanan-street,  Glasgow. 

1885.  JHowden,  James  C,  M.D.     Sunnyside,  Montrose,  N.B. 

1880.  JHowden,  Robert,  M.B.    University  of  Durham  College  of  Medicine, 

Newcastle-upon-Tyne. 
1857.  JHowoU,  Henry  H.,  F.G.S.,  Director  of  the  Geological  Survey  of 

Great  Britain.    Geological  Survey  Office,  Edinburgh. 


Digitized  by  VjOOQIC 


LIST  OF  MEMBERS.  W 

Year  of 
BlecUoD. 

1868.  tHowELL,  Rev.  Canon  Hinds.    Drayton  Rectory,  near  NorwicL. 

1801.  §Howell,  Rev.  William  Charles,  M.A.,  Vicar  of  Holy  Trinity,  Iligli 

Cross,  Tottenham,  Middlesex. 
1880.§SHowE8,  Trofessor  G.  B.,  F.F.S.    Royal  College  of  Science,  South 

Kensinffton,  London,  S.W. 
1884.  JHowland,  Edward  P.,  M.D.    21 1  41  J-Btreet,  Wabliington,  U.S. A. 
1884.  {Howland,  Oliver  Aiken.    Toronto,  Canada. 

1805.  •HowLKiT,  Rev.  Fkbdbrick,  F.R.A.S.    East  Tisted  Rectoiy,  Alton, 

Hants. 

1803.  JIIowoBTH,  Sir  II.  H.,  K.C.I.E.,  M.R,  F.R.S.,  F.S.A.    Bentclifle, 

Eccles,  Manchester. 
1883.  JHo worth,  John,  J. P.    Springbank,  Burnley,  Lancasliire. 
1883.  |Hoyle,  James.    Blackburn. 

1887.  §HoYLE,  William  E.,  M.A.    Owens  Callege,  Manchester. 

1888.  JHudd,  Alfred  E.,  F.S.A.    94  Pembroke-road,  Clifton,  iJristol. 
1888.  JIluDSON,  C.  T.,  M.A.,  LL.D.,  F.R.S.    2  Barton-crescent,  Daw- 

lish. 

1804.  §  Hudson,  John  E.    334  Marlborough-street,  Boston,  Massachusetts^ 

U.S.A. 

1807.  *HuDS0N,  William  II.  II.,  M.A.,  Professor  of  Mathematics  in  King's 

College,   London.      15  Altenberg-gaixlens,  Clapham  Common, 
London,  S.W. 
1858.  •HuGOiNs,  William,  D.C.L.  Oxon.,  LL.D.  Carab..  F.R.S.,  F.R.A.S. 
00  Upper  Tulse  Hill,  Brixton,  London,  S.W. ' 

1802.  X  Hughes,  Alfred  W.     Woodside,  Musselbun/h, 

1887.  JHughes,  E.  G.    4  Roman-place,  Higher  Brough ton,  Manchester. 
1883.  JHughes,  Miss  E.  P.    Newnham  College,  Cambridge. 
1871.  •Hughes,  Geoige  Pring'e,  J.P.    Middleton  Hall,  Wooler,  Northum- 
berland. 
1887.  JHughes,  John  Taylor.    Thorleymoor,  Ashley-road,  Altrincham. 
1870.  •Hughes,  Lewis.    Fen  wick-court,  Liverpool. ' 
1  SO !.§§ Hughes,  Thomas.    31  Loudoun-sqnare,  Cardiff. 
1870.  'Hughes,  Rev.  Thomas  Edward.     Wallfield  House,  Reigate. 

1808.  SHuGHEs,  T.  M*K.,  M.A.,  F.R.S.,  F.G.S.,  Woodwardiau  Professor 

of  Geology  in  the  University  of  Cambridge. 
1801.S§Hughe8,  Rev.  W.  Hawker.    Jesus  College,  Oxford. 

1806.  JHughes,  W.  R.,  F.L.S.,  Treasurer  of  the  Borough  of  Binningham, 

Birmingham. 

1883.  JHuLiCB,  John  'u  hitaker,  F.R.S.,  F.R.C.S.,  F.G.S.    10  Old  Bur- 

lington-street, London,  W. 

1807.  SHuLL,  Edward,  M.A.,  LL.D.,  F.RS.,  F.G.S.    20  Arundel-gardans, 

Notting  Hill,  London,  W. 
•Hulse,  Sir  Edward,  Bart.,  D.C.L.     47  Portland-place,  London,  W. ; 
and  Breamore  Ilouse,  Salisbury. 
1887.  •Hummel,  Professor  J.  J.    152  Woolsley-road,  Leeds. 

1800.  tHumphrey,  Frank  W.    Q^  Prince Vgate,  Ix)ndon,  S.W. 

1884.  •Humphreys,  A.  W.    50  Broadway,  New  York,  U.S.A. 
1878.  JHumphreys,  H.    Castle-square,  Carnarvon. 

1880.  t Humphreys,  Noel  A.,  F.S.S.  Ravenhurst,  Hook,  Kingston-on- 
Thames. 

1802.  •Humphry,  Sir  George  Murray,  M.D.,  F.R.S.,  Professor  of  Surgery 
in  the  University  of  Cambridge.     Grove  Lodge,  Cambridge. 

1877.  •Hunt,  Arthur  Roopb,  M.A.,  F.G.S.    Southwood,  Torquay. 

1801.  •Hunt,  Cecil  Arthur.    Southwood,  Torquay. 

1880.  JHunt,  Charles.    The  Gas  Works,  Windsor-street,  Birmingham. 
1891.  ^Hunt,  D.  de  Vere,  M.D.    Westboume-crescent,  Sophia-gardeosy 
Cardiff. 


Digitized  by 


Google   — 


54  LIST  OF  MEMBERS. 

T«urof 
Bleotion 

1866.  tJTuwf,  J,  T.     Gofpel  Oak  Works,  Tipton, 
1864.  t^unt,  W.    Folkestone, 

1876.  •Hunt,  William.  Northcote,  Westbury-on-Trym,  Bristol. 
1881.  IHunter,  F.  W.  Newbottle,  Fence  Houses,  Oo.  Durham. 
1889.  tHunter,  Mrs.  F.  W.    Newbottle,  Fence  Houses,  Oo.  Durham. 

1881.  JHunter,  Rev.  John.    University-gardens,  Glasgow. 

1884.  *Himter,  Michael.    GreystoneS;  Sheffield. 

1809.  •Hunter,  Rev.  Robert.  LL.D.,  F.G.S.    Forest  Retreat,  Staples-road, 

Lough  ton,  Essex. 
1879.  JHuNTiNOTON,  A.  K.,  F.C.S.,  Professor  of  Metallurgy  in  King's  College, 

London.    King's  College,  London,  "W.O. 

1885.  IHuntly,  The  Most  Hon.  the  Marquess  of.    Aboyne  Castle,  Aber- 

deenshire. 

1863.  tHuntsmon,  Beniamin.    West  Retford  Hall,  Retford. 
1883.  •Hurst,  Chavles  Herbert.    Owens  College,  Manchester. 

1869.  tHurst,  Geoi-ge.    Bedford. 

1882.  XHurstj  Walter,  B.i^c.     West  Lodge,  Todmorden, 

1861.  •Hurst,  William  John.    Drumaness  Mills,   Ballynahinch,  Lisbum, 
Ireland. 

1870.  tHurter,  Dr.  Ferdinand.    Appleton,  Widnes,  near  Warrington. 
1887.  tHusband,  W.  E.    66  Bury  New-rofld,  Manchester. 

1882.  JHussey,  Captain  E.  R.,  R.E.    24  Waterloo-place,  Southampton. 
1894.  •Hutchinson,  A.    Pembroke  College,  Cambridge. 

1876.  XHutchinson,  John.    22  Hamilton  Park-terrace,  Olasgow, 

Hutton,  Crompton.    Harescomlie  Grange,  Stroud,  Gloucestersliire. 

1864.  •Hutton,  Damton.    14  Cumberland-terrace,  Regent's  Park,  London. 

N.W. 

1867.  t^utton,  Henry  D.    17  Palme9'8ton-road,  Dublin, 
1887.  •Hutton,  J.  Arthur.     29  Dale^etreet,  Manchester. 

1861.  •HrrroN,  T.  Maxwell.     Summerhill,  Dublin. 

1862.  JHuxLEY,  The  Right  Hon.  Thomas  Henry,  Ph.D.,  LL.D.,  D.C.L.,. 

F.R.S.,  F.L.S.,  F.Q.S.,  Hon.  Professor  of  Biology  in  the  Royal 
College  of  Science,  London.    Hodeslea,  Eastbourne. 
Hyde,  Edward.    Dukintield,  near  Manchester. 

1883.  tHyde,  George  H.    23  Arbour-street,  Southport. 

1871.  •Hyett,  Francis  A.    Painswick  House,  Stroud,  GloucestershiTe. 

1882.  •? Anson,  James,  F.G.S.    Fairfield  House,  Darlington. 
1883.§§Idris,  T.  H.  W.    58  Lady  Margaret-road,  London,  N.W. 
Ihne,  William,  Ph.D.    Heidelberg. 

1884.  •lies,  George.    7  Brunswick-street,  Montreal,  Canada, 

1886.  |im-Thum,  Everard  F.,  C.M.G.,  M.A.    British  Guiana. 

J  888.  •Ince,  Surgeon-Lieut.-Col.  John,  M.D.    Montague  House,  Swanley, 

Kent. 
1858.  tingbam,  Henry.    Wortley,  near  I^eds. 
1893.  SI°gl«>  Herbert.    Pool,  Leeds. 
1876.  JInglis,  John,  jun.    Prince's-terrace,  Dowanhill,  Glasgow. 

1891.  t Ingram,  Lieut-Colonel  C.  W.    Bradford-place,  Penarth. 

1852.  JIngram,  J.  K.,  LL.D.,  M.R.I.A.,  Senior  Lecturer  in  the  Univer- 
sity of  Dublin.    2  WelUngton-road,  Dublin. 

1885.  Jlngram,  William,  M.A.   Gamrie,  Banff. 

1886.  Jinnes,  John.    The  Limes,  Alcester-road,  Moseley,  Birmingham. 
1892.§§Treland,  D.  W.     10  South  Gray-street,  Edinbm^h. 

1892.  Jlrvine,  James.    Devonshire-i-oad,  Birkenhead. 

1892.  Jlrvine,  Robert,  F.R.S.E.     Royston,  Granton,  Edinburgh. 
1882.S§lRVTN6,  Rev.  A.,  B.A.,  D.Sc.,  F.G.S.    Ilockerill,  Bishop  Stortfoid. 
Herts. 

Digitized  by  VjOOQIC 


LIST  OF  MEMBERS,  55 


Teurof 

ElMtiOD. 


188a  •Isaac,  J.  F.  V.,  B.A.    114  Marine-parade,  Brighton. 


1883. 
,1881. 

1891. 
1886. 


1859. 
1884. 
1876. 

1883. 

1879. 
1883. 
1883. 
1883. 
1874. 
1887. 
1885. 
1866. 
1869. 
1887. 

1874. 
1865. 
1891. 
1891. 
1891. 

1872. 
1860. 
1886. 
1891. 
1891. 
1891. 

1891. 
1858. 
1884. 
1881. 

1887. 
1885. 
1885. 
1859. 
1889. 

1870. 
1891. 

1886. 

1891. 
1855. 


laberwoody  James.    18  York-road,  fiirkdale,  Soathport. 

Ishiffuro,  Isoji.    Care  of  the  Japanese  Legation,  9  Oavendish-squarey 

Loodon,  W. 
Ismay,  Thomas  H.    10  Water-street,  Liyerpool. 
Izod,  William.    Church-road,  Edgbaston,  Birmingham. 


Jack,  John,  M. A.    BelhelTie-h^-"^Miitecaims,  Aberdeenshire. 

Jack,  Peter.    People's  Bonk,  Halifax,  Noya  Scotia,  Canada. 

'Jack,  William,  LL.D.,  Professor  of  Mathematics  in  the  University  of 
Glasgow.    10  The  Collesre,  Glasgow. 

Jackson,  Professor  A.  H.,  B.Sc,  F.C.S.    858  Collins-street,  Mel- 
bourne, Australia. 

Jackson,  Arthur,  F.R.C.S.    WiUdnson-street,  Sheffield. 

Jackson,  Frank.    11  Park-crescent,  Southport. 

Jackson,  F.  J.     1  Morley-road,  Southport 

Jackson,  Mrs.  F.  J.    1  Morley-road,  Southport. 

Jackson,  Frederick  Arthur.    Belmont,  Lyme  Regis,  Dorset. 

Jackson,  George.    53  Elizabeth-street,  Cheetham,  Manchester. 

Jackson,  Henry.    19  Golden-square,  Aberdeen. 

Jackson,  H.  W.,  F.R.A.S.    67  Upgaie,  Louth,  Lincolnshire. 
J  Jackson,  Moses,  J.P.    Lansdowne  House,  Tonbridge. 
§Jacob8on,  Nathaniel.     Oliye  Mount,  Cheetham  Hill-road,  Man- 
chester. 

Jaffe,  John.    38  Prom,  des  Anglais,  Nice,  France. 

Jaffiray,  Sir  John,  Bart.    Park-grove,  Edgbaston,  Birmingham. 

James,  Arthur  P.    Grove  House,  Park-grove,  Cardiff. 

James,  Charles  Heniy.    8  Courtland-terrace,  Merthyr  Tydfil. 

James,  Charles  Russell.     6   New-court,  Lincoln's  Inn,  London, 
W.C. 

James,  Christopher,    8  Laurence  Pountney^hiU,  London,  E.C. 

James,  Edward  H.    Woodside,  Plymouth. 

James,  Frank.    Portland  House,  Aldridge,  near  Walsall. 

James,  Ivor.    University  College,  Cardiff. 

James,  John.    24  The  Parade,  Cardiff. 

James,  John  Herbert.     Howard  House,  Arundel-street,  Strand, 
London,  W.C. 

James,  J.  R.,  L.RC.P.    158  Cowbridge-road,  Canton,  Cardiff. 

James,  William  C.     Woodside,  Plymouth. 

Jameson,  W.  C.    48  Baker-street,  Portman-square,  London,  W. 

Jamieson,  Andrew,  Principal  of  the  College  of  Science  and  Arts, 
Glasgow. 

Jamieson,  G.  Auldjo.    37  Drumsheugh-gaidens,  Edinburgh. 

Jamieson,  Patrick.    Peterhead,  N.B. 

Jamieson,  Thomas.    173  Union-street,  Aberdeen. 

Jamieson,  Thomas  F.,  F.G.S.    Ellon,  Aberdeenshire. 

Japp,  F.  R.,  M.A.,  LL.D.,  F.RS.,  F.C.S.,  Professor  of  Chemi^tiy 
in  the  University  of  Aberdeen. 

Jarrold,  John  James.   London-street,  Norwich. 

Jasper,   Henry,      Holmedale,    Neio    Park-road,    Clapham    Parle, 
London,  S,W. 

Jeffcock,  Rev.  Prebendary  John  Thomas,  F.S.A.     The  Rectory, 
Wolverhampton. 

Jefferies,  Henry.    Plas  Newydd,  Park-road,  Penarth. 

Jeffray,  John.    9  Winton-drive,  Kelvinside.  Glasgow. 


1867.  X^^^^y^f  Howel,  M.A.    61  Bedford-gardens,  Kensmgton,  London, W, 

Digitized  by  VjOOQIC 


66  LIST  OF  MEMBERS. 

Yaw  of 

BlectioQ. 

1885.  } Jefl'reys,  Dr.  Bicbard  Parker.    Eastwood  House,  Chesterfield. 

1887.  §Jbpps,  Osmund  W.    92  Westboume-street,  Liverpool. 
1881.  JJbllicoe,  C.  W.  a.    Southampton. 

1864.  JJellv,  Br.  W.    Aveleanas,  11,  Valencia,  Spain. 

1873.  §JenkinSy   Major-General    J.  J.     16  St.  JameeVsquare,  London, 

S.W. 
1880.  •Jbnkiks,  Sir  John  Jones.    The  Grange,  Swansea. 
1801.  JJenkins,  Henry  C,  Assoc. M.lnst.O.E.,  F.C.S.    17  St.  Julian's-road, 

Kilburn,  London,  N.W. 
1852.  t<l^ennings,  Francis  M.,  F.G.S.,  M.ILI.A.    Brown-street,  Cork. 
1803.  §  Jennings,  G.  E.     Ash  Leigh-road,  Leicester. 
1878.  t  Jephson,  Henry  L.    Chief  Secretary's  Office,  The  Castle,  DuUiiu 
Jessop,  William,  jun.    Overton  Hall,  Ashover,  Cbeaterfield. 

1880.  t Jevons,  F.  B.,  M.A.    The  Castle,  Durham. 

1884.  JJewell,  Lieutenant  Theo.  F.  Torpedo  Station,  Newport,  Rliode 
Island,  U.S.A. 

1801.  tJohn,  E.    Cowbridge,  Cardiff. 

1884.  I  Johns,  Thomas  W.    Yarmouth,  Nova  Scotia,  Canada. 

1884.  §J0HNSCN,  Alexander,  M.A.,  LL.D.,  Professor  of  Mathematics  in 
McGill  University,  Montreal.  5  Prince  of  Wales-terrace,  Mont- 
real, Canada. 

1883.  I  Johnson,  Miss  Alice.   LI  andaff  House,  Cambridge. 

1883.  t  Johnson,  Ben.    Micklegate,  York. 

1871.  ^Johnson,  David,  F.C.S.,  F.G.S.     11  Thurlow-terrace,  Larkhall  Rise, 

Clapham,  London,  S.W. 
1883.  t  Johnson,  Edmund  Litler.     73  Albert-road,  Southport. 

1865.  •Johnson,  G.  J.    36  Waterloo-street,  Birmingham. 

1888.  :(: Johnson,  J.  G.    Southwood  Court,  Highgate,  London.  N. 
1875,  } Johnson,  James  Henry,  F.G.S.    73  Albert-road,  Southport. 

1872.  jJohnson,  J.  T.    27  Dale-street,  Manchester. 

1870.  JJohnson,  Richard  C,  F.R.A.S.    46  Jermyn-street,  LiverpooL 

1863.  IJohnson,  R.  S.    Hanwell,  Fence  Houses,  Durham. 

1881.  {Johnson,  Sir  Samuel  George.    Municipal  Offices,  Nottingham. 
1800.  •Johnson,  Thomas,  D.Sc,  F.L.S.,  Professor  of  Botany  in  the  Royal 

College  of  Science,  Dublin. 

1887.  {Johnson,  \V.  H.    Woodleigh,  Altrincham,  Cheshire. 
18a3.  JJohnson,  W.  H.  F.     Llandaff  House,  Cambridge. 
1883.  J  Johnson,  William.     Harewood,  Roe-lane,  Southport. 

1861.  JJohnson,  William  Beckett.  Woodlands  Bank,  near  AitrincLam, 
Cheshire. 

1883.  J  Johnston,  H.  H.    Tudor  House,  Champion  Hill,  London,  S.E. 
1850.  J  Johnston,  James.    Newmill,  Elgin,  N.B. 

1864.  J  Johnston,  James.    Manor  House,  Northend,  Hampstead,  London, 

N.W. 

1884.  J  Johnston,  John  L.    27  St.  Peter-street,  Montreal,  Canada. 

1883.  J  Johnston,  Thomas.    Broomsleigh,  Seal,  Sevenoaks. 

1884.  J  Johnston,  Walter  R.    Fort  Qu'Appelle,  N.W.  Territory,  Canada. 

1884.  •Johnston,  W,  H.    6  Latham-street,  Preston,  Lancashire. 

1885.  J Johnston-Lavis,  H.  J.,  M.D.,  F.G.S.    Palazzo  Caramanico,  Chiatc- 

mone,  Naples. 

1886.  J  Johnstone,  G.  H.    Northampton-street,  Birmingham. 
1864.  •Johnstone,  James.    Alva  House,  Alva,  by  Stirling,  N.B. 
1864.  J  Jolly,  Thomas.    Park  View-villas,  Bath. 

1871.  J  Jolly,  William,  F.B.S.E.,  F.G.S.,  H.M.  Inspector  of  Schools. 

St.  AndrewVroad,  Pollokshields,  Glasgow. 

1888.  JJolly,  W.  C.    Home  Lea,  Lansdowne,  Bath. 

1888.  JJolt,  John,  M.A.,  D.Sc,  F.R.S.    30  Waterloo-road,  Dublin. 


Digitized  by  VjOOQIC 


LIST  OF  MEMBERS.  67 

Year  of 
ElACtion. 

1881.  }Jone8,  Alfred  OrlaDdo,  M.D.    Cardigan  Villa,  Ilorrogate. 

1840.  t  Jones,  Baynham.     Walmer  House,  Cheltenham. 

1887.  tJones,  D.  E.,  B.Sc.,  U.M.  Inspector  of  Schools.    7  Marine-terrace, 

Aberystwith. 
1801.  t  Jones,  D.  Edgar,  M.D.    Spring  Bank,  Queen-street,  Cardiff. 

1800.  S Jones,  Rev.  Edward,  F.G.S.    Fairfax-road,  Prestwich,  Lancashire. 

1801.  I  Jones,  Dr.  Evan.    Aberdare. 

1801.  X  Jones,  Evan  Rmoland,    Bonmrigg,  Penarth, 

1887.  t Jones,  Francis,  F.RS.E.,  F.aS.    Beaufort  House,  Alexandra  Tark, 

Manchester. 
1801.  •Jokes,  Rev.  G.  Hartwell,  M.A.   Nutfield  Rectory,  Redbill,  Surrey. 

1883.  "Jones,  George  Oliver,  M.A.     6  Cook-street,  Liverpool. 

1884.  t Jones,  Rev.  Harry,  M.A.    8  York-gate,  Regents  Park,  London, 

N.W. 

1877.  t  Jones,  Henry  C,  F.C.S.  Royal  College  of  Science,  South  Kensing- 
ton, London,  S.W. 

1803.§§  Jone«,  Professor  J,  E ,  /?.&.     Ellenslea,  70  Lichfield-road,  Stafford. 

1881.  •Jones,  J.  Viriamu,  M.A.,  B.Sc.,  F.R.S.,  Principal  of  the  University 
College  of  SouUi  Wales  and  Monmouthshire,  Cardiil'. 

1873.  t  Jones,  Theodore  B.    1  Finsbury-circus,  London,  E.C. 

1880.  JJones,  Thomas.    16  Gower-street,  Swansea. 

1860.  t Jones,  Thomas  Rupert,  F.R.S.,  F.G.S.  10  Uverdale-i-oad,  King's- 
road,  Chelsea,  London,  S.W. 

1883.  t  Jones,  William.    Elsinore,  Birkdale,  Southport. 
1801.  t  Jones,  William  Lester.    22  Newport-road,  Cardiff. 
1876.  •Jose,  J.  E.     20  Creasington  Park,  Liverpool. 

1884.  t  Joseph,  J.  H.    738  Dorchester-street,  Montreal,  Canada. 
1801.  jJotham,  F.  H.    Penarth. 

1801.  JJotham,  T.  W.    Penylan,  CardiiT. 

1876.  •Joule,  Benjamin  St.  John  B.,  J.P.    Rothesay,  N.B. 

1870.  JJowitt,  A.     Scotia  Works,  Sheffield. 

1800.  jJowitt,  Benson  R.    Elmhurst,  Newton-road,  Leeds. 

1872.  (Joy,  Algernon.    Junior  United  Service  Club,  St.  James*s,  London, 

S.W. 
1848.  •Joy,  Rev.  Charles  Ashfield.    West  Hanney,  Wantage,  Berkshire. 
1883.  t Joyce,  Rev.  A.  G.,  B.A.    St.  John's  Croft,  Winchester. 
1886.  Jjoyce,  The  Hon.  Mrs.    St.  John's  Croft,  Winchester. 

1801.  (Joynes,  John  J.    Great  Western  Colliery,  near  Coleford,  Gloucester- 

shire. 
1848.  •Jubb,  Abraham.    Halifax. 
1870.  J  JuDD,  John  Wbslbt,  F.R.S.,  F.G.S.,  Professor  of  Geology  in  the 

Royal  College  of  Science,  London.    10  Cumberland-road,  Kew. 
1883.  tJustice,    Philip    M.      14  Southampton-buildings,    Chancery-lane, 

London,  W.C. 


1868.  •Kunes,  Joseph,  M.A.,  D.Sc.    8  Osbome-road,  Stroud  Green-road, 

London,  N. 
1888.§§Kapp,  Gisbert,    M.Inst.CJ2.,  M.In8t.E.E.     31   Parliament-street, 

London,  S.W. 
1887.  X^f^Yf  Miss.    Hamerlaund,  Broughton  Park,  Manchester. 
1560.  JKay,  David,  F.R.G.S.      10    Upper  PhiUimore-place,  Kenangton, 

London,  W. 
1833.  X^eame,  John  H.     WestcUffe-road  Birkdale,  Southport. 
1884.  JKeefer,  SamueL    Brockville,  Ontario,  Canada. 
1876.  JKeeling,  George  William.    Tuthill,  Lydney. 
1886.  ^Keen,  Arthur,  JJP.    Sandyford,  AugustuB-road,  Birmingham. 


Digitized  by  VjOOQIC  _ 


58  LIST  OF  MEMBERS. 

Ye«rof 
BlectioD. 

1894    §Keene,  Captain  C.  T.  P.,  F.L.S.,  F.Z.S.,  F.S.S,    11  Queen's-gate, 

London,  S.W. 
1894.  §Keidbtley,  Rev.  G.  W.     Great  Stembridge  Rectory,  Rochfoid, 


1892.  tKeiller,  Alexander,  M.D.,  LL.D.,  F.R.S.E.     64  Northumberland- 

street,  Edinbuivh. 
1887.  JKellas-Johnstone,  J.  F.    35  Crescent,  Salford. 

1884.  iKellogg,  J.  H.,  M.D.    Battle  Creek,  Michigan,  n.S.A. 
1864.  •Kelly,  W.  M.,  M.D.    11  The  Crescent,  Taunton,  Somerset. 

1885.  §Keltie,  J.  Scott,  As8i8t.Sec.R.G.S.,  F.S.S.   1  Savile-row,  London,  W. 
1847.  •Kblyiht,  The  Right  Hon.  Lord,  M.A.,  LL.D.,  D.C.L.,  Pre8.R.S., 

F.R.S.E.,  F.R.A.S.,  Professor  of  Natural  Philosophy  in   the 
University  of  Glasgow.    The  University,  Glasgow. 

1877.  •Kelvin,  Lady.    The  Univerwty,  Glasgow. 
1887.§§Kemp,  Harry.    254  Stretford-road,  Manchester. 

1884.  tKemper,  Andrew  C,  A.M.,  M.D.    101  Broadway,  Cincinnati,  U.S.A. 

1890.  §Kemp8on,  Augustus.    Kildare,  Arundel-road,  Eastbourne. 

1891.  §Kendall,  Percy  F.,  F.G.S.    Yorkshire  College,  Leeds. 

1875.  JKennedt,   Alexaijdbr   B.    W.,   F.RS.,    M.Inst.C.E.,  Emeritus 

Professor  of  Engineering  in   University  College,  London.     2 
Gloucester-place,  Fortman-square,  London,  W. 
1884.  JKennedy,  George  L.,  M.A.,  F.G.S.,  Professor  of  Chemistry  and 
Geology  in  King's  College,  Windsor,  Nova  Scotia,  Canada. 

1876.  tKennedy,Hugh.    20  Mirkland-street,  Glasgow. 

1884.  f  Kennedy,  John.    113  Univeraity-street,  Montreal,  Canada. 
1884.  f  Kennedy,  William.    Hamilton,  Ontario,  Canada. 

1886.  (Kenrick,  George  Hamilton.    Whetstone,  Somerset-road,  Edgbeston, 

Birmingham. 
1898.  §Kent,  A.  F.  Stanley.    St.  Thomas's  Hospital,  London,  S.R 
Kent,  J.  C.    Levant  Lodge,  Earl's  Croome,  "Worcester. 

1886.  §Kenwabd,  Jaues,  F.S.A.    280  Ha^ley-road,  Birmingham. 
1857.  •Ker,  Andi^  Allen  Murray.    Newbliss  House,  Newbliss,  Ireland. 
1876.  JKer,  William.     1  Windsor-terrace  West,  Glaagow. 

1881.  JKermode,  Philip  M.  C.    Ramsay,  Isle  of  Man. 

1892.  §Kerr,  J.  Graham.    Christ's  College,  Cambridge. 

1884.  i  Kerr,  James,  M.D.    Winnipeg,  Canada. 

1887.  JKerr,  James.    Dunkenhalgn,  Accrincton. 

1883.  IKebr,  Rev.  Johx,  LL.D.,  F.R.S.    IVee  Church  Training  College, 

Glasgow. 
1889.  JKerry,  W.  II.  R.    Wheatlands,  Windermere. 

1887.  JKershaw,  James.    Holly  House,  Bury  New-road,  Manchester. 
1869.  •Kesselmeyer,  Charles  A.    Eose  Villa,  Yale-road,  Bowdon,  Cheshire. 
1869.  •Kesselmeyer,  William  Johannes.    Rose  Villa,  Vale-road,  Bowdou, 

Cheshire. 
1883.  •Keynes,  J.  N.,  M.A.,  D.Sc.,  F.S.S.    6  Harvey-road,  Cambridge. 
1876.  JKidston,  J.  B.    50  West  Regent-street,  Ghwgow. 
1886.  §KiDST0W,  RoBEBT,  F.R.S.E.,  F.G.S.    24  Victoria-place,  Stirling. 

1885.  •Kilgour,  Alexander.    Loirston  House,  Cove,  near  Aberdeen. 
1890.§§Kimmins,  C.  W.,  M.  A.,  D.Sc.    Downing  College,  Cambridge. 

1878.  t^nahan,  Sb  Edward  Hudson,  Bart.    11   Merrion-square  North, 

Dublin. 
1860.  JEjcnahan,  G.  Henry,  M.R.I.A.    Geological  Survey  of  Ireland,  14 

Hume-street,  Dublin. 
1875.  •KnrcH,  Edward,  F.C.S.    Royal  Agricultural  College,  Cirencester. 

1888.  tKing,  Austin  J.     Winsley  Hill,  Limpley  Stoke,  Bath. 
1888.  •King,  E.  Powell.    Wainsford,  Lvmington,  Hants. 
1888.  •King,  Francis.    Alabama,  Penrith. 


Digitized  by  VjOOQIC 


LIST  OF  MEMBEBS.  69 

Tttfof 
Election. 

1875.  *Eingi  F.  Ambrose.    AyoiiBide,  Oliftoii,  Bristol. 

1871.  •King,  Bev.  Herbert  Poole.    The  Rectory,  Stourton,  Bath. 

1855.  t^ing,  James.    Levernholme,  Harlet,  QlajBf^w. 

1883.  *Kiiigi  John  Godwin.    Wainsford,  Lymington,  Hants. 

1870.  JKing,  John  Thomson.    4  Clayton-square,  Liverpool. 

King,  Joseph.     Welford  House,  Greenhill,  Hampstead,  London, 
N.W. 
1883.  *King,  Joseph,  jun.   6  Wedderbum-road,  Hampstead,  London,  N.W. 
1860.  *King,  Mervyn  Kersteman.    8  Clifton-park,  Clifton,  BristoL 
1875.  •King,  P«i;cy  L.    2  Worcester-avenue,  Clifton,  Bristol. 
1870.  tKing,  Wilfiam.    6  Beach  Lawn,  Waterloo,  I^verpool. 

1889.  §King,  Sir  William.    Stratford  Lodge,  Southsea. 
1809.  tKingdon,  K.    Taddiford,  Exeter. 

1875.  §Kingzeit,Chabl£bT.,F.C.S.  Elmstead  Knoll,  Chislehurst,  Kent. 
1867.  {Kinloch,  Colonel.    Kirriemuir,  Logie,  Scotland. 
1892.  JKinnear,  The  Hon.  Lord,  F.R.S.E.    Blair  Castle,  Culross,  N.B. 
1870.  ^Kinsman,  William  K.    Branch  Bank  of  England,  Liverpool. 
1800.  JKiBDCAW,  Rev.  Thomas  P.,  M.A.,  F.R.S.    Fernroyd,  St.  Mar- 
garets-road, Bowdon,  Cheshire. 

1875.  XKtrMp,  John,  6  Queen's'^Tescentf  GUugow, 
1883.  XKtrBopy  Mrs.  6  Queen's-crescent,  Olasffow. 
1870.  JKitchener,  Frank  E.    Newcastle,  Staffordshire. 

1890.  *KiTB0N,  Sir  James,  Bart.,  M.P.    Gledhow  Hall,  Leeds. 
1886.  JKlein,  Rev.  L.  Martial.     University  College,  Dublin. 

1869.  ^Knapman,  Edward.    The  Vineyard,  Castle-street,  Exeter. 

1886.  fKnight,  J.  M.    Bushwood,  Wanstead,  Essex. 

1888.  JKnott,  Professor  Cargill  G.,  D.Sc.,  F.R.S.E.    42  Upper  Gray-street, 
Edinburgh. 

1887.  •Knott,  Herbert.    Whaxf  Street  Mills,  Ashton-under-Lyne. 
1887.  •Knott,  John  F.    Staveleigh,  Stalybridge,  Cheshire. 

1887.  J  Knott,  Mrs.    Staveleigh,  Stalybridge,  Cheshire. 

1873.  *Knowles,  George.    Moorhead,  Shipley,  Yorkshire. 

1874.  tKnowles,  William  James.    Flixton-place,  Ballymena,  Co.  Antrim. 
1883.  JKnowlys,  Rev.  C.  Hesketh.    The  Rectory,  Roe-lane,  Southport. 
1883.  tKnowlys,  Mrs.  C.  Hesketh.    The  Rectory,  Roe-lane,  Southport. 

1876.  tKnox,  David  N.,  M.A.,  M.B.    24  Elmbank-ciescent,  Glasgow. 
•Knox,  George  James.      27  Portland-terrace,  Regent's  Park,  London, 

N.W. 

1875.  •Knubley,  Rev.  E.  P.,  M.A.    Staveley  Rectory,  Leeds. 
1883.  JKnubley,  Mrs.    Staveley  Rectory,  Leeds. 
1892.§§Kohn,  Dr.  Charles  A.    University  College,  Liverpool. 
1890.  *Krauss,  John  Samuel,  B.A.    Wilmslow,  Cheshire. 

1888.  •Kunz,  G.  F.    Care  of  Messrs.  Tiffany  &  Co.,  Union-square,  New 

York  City,  U.S.A. 
1881.  tKurobe,  Hiroo.     Legation    of  Japan,    9  Cavendish-«quare,   Lon- 
don, W. 

1870.  JKvnaston,  Josiah  W.,  F.C.S.    Kensington,  Liverpool. 

1865.  XKynnerBley,  J,  C.  S,     The  Leveretts,  JSanebworth,  Birmingham, 


1858.  tLace,  Frands  John.    Stone  Ghipp,  Cross-hill,  Leeds. 

1884.  ILaflanmie,  Rev.  Professor  J.  C.  K.     Laval   Univereity,  Quebec, 

Canada. 

1885.  •Laing,  J.  Gerard.  1  Elm-court,  Temple,  London,  E.C. 
1870.  §Liurd,  John.  Grosvenor-road,  Claughton,  Birkenhead. 
1877.  tLake,  W.  C,  M.D.,  F.R.G.S.    Teignmouth. 


Digitized  by  VjOOQ IC 


«0  LIST  OF  MEMliEUS. 

Tear  of 
Election. 

1859.  JLalor,  John  Joseph,  M.R.T.A.    City  Hall,  Cork  Hill,  Dublin. 

1889.  •Lamb,  Edmund,  M.A.    Old  I^dg«,  Salisbury. 

1887.  ]:Lamb,  IIoeacb,  M.A.,  F.R.S.,  Professor  of  Pure  Mathemntic*  in  tlie 
Owens  Collet^,  Manchester.  Burton-road,  Didsbury,  Manchei^ter. 
1887.  J  Lamb,  James.     Kenwood,  Bowdon,  Cheshire. 
1883.  JLamb,  W.  J.     11  Gloucester-road,  Birkdale,  Southport. 

1883.  I  Lambebt,  Rev.  Brooke,  LL.B.    The  Vicarage,  Greenwich,  S.E. 
1893.§§Lambert,  J.  W.,  J.P.    Lenton  Firs,  Nottingham. 

1884.  f  Lambom,  Robert  H.    Montreal,  Canada. 

1893.§§Lamplugh,  G.  W.,  F.Q.S.  Geological  Survey  Office,  Jermyn-street, 
London,  S.W. 

1890.  ^Lamport,  Edward  Parke.    Greenfield  Well,  Lancaster. 
1884.  t Lancaster,  Alfred.    Fern  Bank,  Burnley,  Lancashire. 
1871.  I  Lancaster,  Edward.    Karesforth  Hall,  Barnsley,  Yorksliiie. 
1886.  t  Lancaster,  W.  J.,  F.G.S.    Col  more-row,  Birmingham. 

1877.  JLandon,  Frederic  Georjre,  M.A.,  F.R.A.S.    60  Tresillian-road,  St. 

John*8,  London,  S.E. 

1883.  }Lang,  Rev.  Gavin.    Inverness. 

1859.  tLang,  Rev.  John  Marshall,  D.D.     Baronv,  Glasgow. 

1886.  •Langley,  J.  N.,  M.A.,  F.R.S.    Trinity  College,  Cambridge. 
1870.  JLangton,  Charles.    Barkhill,Aigburth,  Liverpool. 

1865.  JLaj^kester,  E.  Ray,  M.A.,  LL.D.,  F.R.S.,  Linacre  Pi-ofespor  of 
Human  and  Comparative  Anatomy  in  the  University  of  Oxford. 
2  Bradmore-road,  Oxford. 

1880.  •Lansdell,  Rev.  Henry,  D.D.,  F.R.A.S.,  F.RG.S.    Morden  College, 

Blacklieatb,  London,  SiE. 

1884.  §  Lanza,  Professor  G.    Massachusetts  Institute  of  Technology,  Boston , 

U.S.A. 

1878.  JLapper,  E.,  M.D.    61  Harcourt-street,  Dublin. 

1885.  JLapworth,  Charles,  LL.D.,  F.R.S.,  F.G.S.,  Professor  of  Geoli>py 

and  Mineralogy  in  the  Mason  Science  College,  Birmingham.     13 
Duchess-road,  Edgbaston,  Birmingham. 

1887.  tLarmor,  Alexander.    Clare  College,  Cambridge. 

1 881.  J  Larmor,  Joseph,  M. A.,  D.Sc,  F.R.S.  St.  John's  College,  Cambridge. 
1883.  SLascelles,  B.  P.,  M.A.    The  Moat,  Harrow. 

1870.  •Latham,  Baldwin,  M.Inst.C.E.,  F.G.S.  7  WestminsteiKjhambers, 
Westminster,  S.W. 

1870.  JLaughton,  John  Knox,  M.A.,  F.R.G.S.  Catesby  House,  Manor- 
road,  Bamet,  Herts. 

1891.  :( Laurie,  A.  P.    49  Beaumont-square,  London,  E. 

1888.  J  Laurie,  Colonel  R.  P.,  C.B.     79  Farringdon-street,  London,  E.C 

1892.  §Laurie,  Malcolm,  B.A.,  B.Sc.,  F.L  S.    King's  College,  Cambridge. 

1883.  ^Laurie,  Major-General.    Oakfield,  Nova  Scotia. 
1870.  'Law,  Channell.    Ilshara  Dene,  Torcjuay. 

1878.  JLaw,  Henry,  M.InstC.E.    9  VictorinHshambers,  London,  S.W. 

186B.  tLaw,  Rev.  James  Edmund,  M.A.    Little  Shelford,  Cambridgeshire. 

1884.  §Law,  Robert.    Fenny  Royd  Hall,  Hipperholme,  Halifax,  Yorkshire. 
1870.  JLawrence,  Edward.    Aigburth,  Liverpool. 

1881.  tLawrence,  Rev.  F.,  B.A.    The  Vicai-age,  Westow,  York. 

1889.  SLaws,  W.  G.,  M.Inst.C.E.    5  Winchester-terrace,  Newcastle-upon- 

Tyne. 
1876.  JLawson,  George,  Ph.D.^  LL.D.,  Professor  of  Chemistry  and  Botany. 

Halifax,  Nova  Scotia. 
1*885.  tLawson,  James.    8  Church-etreet,  Huntly,  N.B. 
1868.  •Lawson,  M.  Alexander,  M.  A.,  F.L.S.    Oot&camund,  Bombay. 
1853.  XLawton,  William,    5  Victoria-4erracey  Derririgham,  Hull. 
1888.  JLayard,  Miss  Nina  F.    1  Park-place,  Fonnereau-road,  Ipswich. 


Digitized  by  VjOOQIC 


LIST  OF  MEMBERS.  01 

Te«rof 


1856.  iljQti,  Henry.    88  Bennett's-hill,  BirmiDgham. 

1883.  *Leach,  Charles  Catterall.    Seghill,  Northumberland. 

1883.  §Leach,  John.    Claremont,  Levenshulme,  Mancbeeter. 

1876.  jLeach,  Colonel  Sir  G.,  K.C.B.,  R.E.    6  Wetherby-gardens,  London. 

S.W.  ' 

1870.  •Leaf,  Charles  John,  F.L.S.,  F.G.S.,  F.S.A.    6  Sussex-place,  Regent's 

Park,  London,  N.W. 
1804.  •Leahy,  A.  H.,  M.A.,  Professor  of  Mathematics  in  Firth  College^ 

Sheffield. 

1884.  •Leahy,  John  White,  J.P.    South  Hill,  Killamey,  Ireland. 
1884.  (Learmont,  Joseph  B.    120  Mackav-street,  Montreal,  Canada. 
1847.  •J..EATHAM,  Edward  Aldau.    46  Eaton-square,  London,  S.W. 
1863.  JLeavers,  J.  W.    The  Park,  Nottingham. 

1884.  •Leavitt,  Erasmus  Darwin.  2  Central-square,  Cambridgeport,  Mas- 
sachusetts, U.S.A. 

1872.  JLebouk,  G.  A.,  M.A.,  F.G.S.,  Professor  of  Geology  in  the  Col- 
lege of  Physical  Science,  Newcastle-on-Tyne. 

3884.  JLeckie,  R.  G.    Springhill,  Cumberland  County,  Nora  Scotia. 

1861.  JLee,  Henry.    Sedgeley  Park,  Manchester. 

1887.  •Lee,  Sir  Joseph  Cooksey.    Park  Gate,  Altrincham. 

1891.  §Lee,  Mark.    8  Llandaif-road,  Cardiff. 

1884.  'Leech,  Sir  Boadin  T.    Oak  Mount,  Timperley,  Cheshire. 

1887.  tl>eech,  D.  J.,  M.D.,  Professor  of  Materia  Medica  in  the  Owens 
College,  Manchester.  Elm  House,  Whalley  Range,  Manchester. 

1802.  •Lees,  Charles  H.,  M.Sc.    6  Heald-road,  Rusholme,  Manchester. 

1886.  'Lees,  Lawrence  W.    Claregate,  Tettenhall,  Wolverhampton. 
188*2.  Jliees,  R.  W.    Moira-place,  Southampton. 

1860.  Jlices,  William,  M.A.     12  Momingside-place,  Edinburgh. 

1883.  •Leese,  Miss  H.  E.    3  Lord-Street  West,  Southport. 
•I^ese,  Joseph.    3  Lord-street  West,  Southport. 

1880.  •Leeson,  John  Rudd,  M.D.,  CM.,  F.L.S.,  F.G.S.    Clifden  House, 

Twickenham,  Middlesex. 

1881.  JLe  Feuvre,  J.  E.    Southampton. 

1872.  ILbfevrb,  The  Right  Hon.  G.  Shaw,  MJP.,  F.RG.S.  18  Bryan- 
ston  square,  London,  W. 

1860.  JLe  Grice,  A.  J.    Trereife,  Penzance. 

1802.  §Lehfeldt,  Robert  A.    Firth  College,  Sheffield. 

1808.  JLbicbstbr,  The  Right  Hon.  the  Earl  of,  K.G.  Holkham,  Nor- 
folk. 

1866.  tLEioH,    The  Right    Hon.     Lord,    D.C.L.      37    Portman-square, 

London,  W. ;  and  Stoneleigh  Abbev,  Kenilworth. 
1800.§§Leigh,  Marshall.    22  Goldi^m id-road,  Brighton. 
1801.  tLeigh,  W.  W.    Treharris,  R.S.O.,  Glamorganshire. 

1867.  JLeishman,  James.    Gateacre  Hall,  Liverpool. 
1860.  iLeith,  Alexander.    Glenkindie,  Inverkindie,  N.B. 

1882.  §  Lemon,  James,  M.InstC.E.,  F.G.S.    11  The  Avenue,  Southampton. 
1867.  JUng,  Sir  John,  M.P.    'Advertiser' Office,  Dundee. 

1878.  JLennon,  Rev.  Francis.    The  College,  Maynooth,  Ireland. 

1887.  •Leon,  John  T.    .'>8  Portland-place,  London,  W. 
1874.  tLepper*  Charles  W.    Laurel  Lodge,  Belfast. 

1884.  ^Lesoge,  Louis.    City  Hall,  Montreal,  Canada. 

1800.  •Lester,  Joseph  Henry.  61  Arcade-chambers,  St.  Marys  Gate^ 
Manchester. 

1883.  JLester,  Thomas.     Fir  Bank,  I^nrith. 

1880.  J  Letcher,  R. . I.    Lansdowne-terrace,  Walters-road,  Swansea. 
1804.  §Leudesdorf,  Charles.    Pembroke  College,  Oxford. 
1887.  X^verkus,  Otto.     The  Doictib,  Presttcich^  Manchester, 


Digitized  by  VjOOQIC 


62  LIST  OF  MEMBERS. 

Tear  of 
Bleetion. 

1890.  tLevy,  J.  H.    Florence,  12  Abbeyill^road  South,  Clapbam  Park, 

London.  S.W. 
1893.  •Lewes,  Vivian  B.,  F.O.S.,  Profeesor  of  Chemistry  in  the  Royal  Xaval 
College,  Greenwich. 

1879.  tLewin,  Colonel,  F.R.G.S.    Garden  Comer  House,  Chelsea  Embank- 

ment,  London,  S.W. 

1870.  tLEWiB,  Alfbrl  Lioicbl.    64  Hiirhbiirv-hill,  London,  N. 

1891.  JLewia,  D.,  J.P.    44  Park-place,  Cardiff. 

1891.  JLewis,  D.  Morgan,  M.  A.     University  College,  Aberystwith. 

1891.  JLewis,  W,    Lyncombe  Villa,  Cowbridge-road,  Cardiff. 

1891 .  tLewis,  W.    22  Duke-street.  Cardiff. 

1891.  tl^wis,  W.  Henry.    Brm  Rhos,  Llanishen,  Cardiff. 

1884.  •Lewis,  Sir  W.  T.    TheMardy,  Abeidare. 

1860.  tLiDDBLL,  The  Very  Rev.  H.  G.,  D.D.     Ascot,  Berkshire. 
1887.  tLiebermann,  L.    64  Portland-street,  Manchester. 
1876.  Jlietke,  J.  0.    30  Gordon-etreet.  Glaf^gow. 

1887.  •Lightbown,  Henry.    Weaste  Hall,  Pendleton,  Manchester. 

1862.  tLiLFOBD,  The  Right  Hon.  Lord,  F.L.S,  Lilford  HaU,  Oundle,  North- 

amptonshire. 
•LniEBTCK,  The  Right  Rev.  Cvarlbs  Gbavbs,  I^rd  Bishop  of,  D.D., 
F.R.S.,  M.R.LA.    The  Palace,  Henry-street,  Limerick. 

1887.  tLimpach,  Br.    CrumnsaU  Vale  Chemical  Works,  Manchester. 
1878.  tLincolne,  William.    Ely,  Cambridsreshire. 

1881.  •Lindley,  WiUiam,  M.In8t.C.E.,  F.G.S.  74  Shooters  Hill-road,  Black- 

heath.  London.  S.E. 

1871.  tlindsay.  Rev.  T.  M.,  M.A.,  D.D.    Free  Church  CoUese,  Glasgow. 
188.3.  t-Z^cowA,  Mrs,  Lav^nelot  C.  eTA,  06  Elgin-crescent. ^  London,  W, 
188.3.  JLisle,  H.  Claud.    Nantwich. 

1882.  •Lister,  Rev.  Henry,  M.A.    Hawridge  Rectory,  Berkhampstead. 

1888.  t Lister,  J.  J.    Levtonstone,  Essex.  E. 

1861.  •LivBiKO,  G.  D.,  M.A.,  F.R.S.,  F.C.S.,  Professor  of  Chemistry  in  the 

University  of  Cambridge.    Newnham,  Canibridgw. 

1876.  •LivBBSiDGB,  Ar.cirTn.4LD,  F.R.S.,  F.C.S.,  F.O.S.,  F.R.G.S.,  Pro- 
fessor of  Chemistry  and  Mineralogy  in  th«  University  of  Sydney, 
N.S.W.  Care  of  "Messrs.  Kegan  Paul,  Trench,  Triibner  &  Co., 
Charing  Cross-road,  W.C. 

18ft4.§§Live?ay,  J.  G.    Cromartie  House,  Ventnor,  Isle  of  Wight. 

1880.  JLuswELTN,  Sir  .Tohit  T.  D..  Bart    Penllegare,  Swansea. 

Lloyd,  Rev.  A.  R.    Henflrold.  near  Oswestry. 

1889.  ILlovd,  Rev.  Canon.     The  Vicarage,  Rye  HiU,  Newcastle-upon- 

Tyne. 
1842.    Lloyd,  Edward.    Kinjr-street,  Manchester. 

1865.  tLloyd,  G.  B.,  J.P.     Edirbs-ston-grove,  Birmingham. 
18'36.  tLloyd,  John.    Queen's  College,  Birmingham. 

1886.  {Lloyd,  John  Henry.  Femdale,  Carpenter-road,  Edgbaston,  Birming* 
ham. 

1891.  •Lloyd,    R.    J.,   M.A.,    D.Litt.     4  Halkyu-avenue,  Sefton  Park, 

*  Liverpool. 
1886.  tLloyd,  Samuel.    Farm,  Sparkbrook.  Birmin^fham. 

1866.  "Llovd,  W^ilson,  F.R.G.S.    Myvod  House,  Wednesbnry. 

1864.  •LoBLET,  Jambs  Looaw,  F.G.S.,  F.RG.S.  City  of  London  College, 
Moorgate-street.  London,  E.C. 

1892.  §Loch,  C.  S.,  B.A.    15a.  Buckingham-street,  London,  W.C. 

1867.  •Locke,  John.    231  Clarence-road,  Kentish  Town,  Tx>ndon,  N.W. 
1802.  tLockhart,  Robert  Arthur.     10  Polwarth-terrace,  F^dinburarh. 

1863.  tLocKTEP,  J.  Norman,  O.B.,  F.R.S.,  F.R.A.S.    Royal  College  of 

Science,  South  Kensington,  London,  S^W^. 


Digitized  by  VjOOQIC 


LIST  OF  MEMBERS.  63 

'Mr  of 


.886.  *Lo]>6B,  Alfbbd,  M.A.,  Professor  of  Pure  Mathematics  in  the  Iloyal 
Indian  Ciyil  Engineering  Oolleffe,  Gooper^s  Hill,  Staines. 

876.  *Loi>4iB,  Oltvbr  J.,  I).Sc.,  LL.D.,  F.R.S.,  Professor  of  Phyocs  in 
University  College,  Liverpool.  2  Orove-park.  Liverpool. 

OH.  •Lodge,  Oliver  W.  F.    2  Grove-park,  Liverpool. 

880.  JLogan,  William.    Langley  Park,  Durham. 
876.  JLong,  H.  A.    Charlotte-street,  Glasgow. 

883.  •Long,  William.    Thelwall  Heys,  near  Warrington. 
883.  JLong,  Mrs.    Thelwall  Heys,  near  Warrington. 
883.  tLong,  Miss.    Thelwall  Heys,  near  Warrington. 

866.  ^Longdon,  Frederick.    Osmaston-road,  Derby. 

883.  iLoDge,  IVancis  D.    Coddenham  Lod^,  Cheltenham. 

.883.  f  Longmaid,  '\^^lliam  Henry.    4  Rawlmson-road,  Southport. 

.876.  •LonOTtaff,  George  Blundell,  MA.,  M.D.,  F.C.S.,  F.S.S.    Highlands 

Putney  Heath,  S.W.  ^  ' 

872.  •Longstaif,  Llewellyn  Wood,  F.RG.S.     Ridgelands,  Wimbledon 

Surrey.  ' 

881.  •Longstaff,  Mrs.  LI.  W.    Ridgelands,  Wimbledon,  Surrey. 
883.  •LongtoD,  E.  J.,  M.D.    Lord-street,  Southport. 

861.  •Lord,  Edward.    Adamroyd,  Todraorden. 

894.  SLord,  Edwin  C.  E.,  Ph.D".    247  Washington-street,  Brooklyn,  New 

York,  U.S.A. 
0.  tLo^i  Riley.    76  Pilgrim-street,  Newcastle-upon-Tyne. 
883.  •Louis,  D.  A.,  F.C.S.    77  Shirland-gardens,  London,  W 
887.  •LovB,  A.  E.  H.,  F.R.S.    St.  John's  College,  Cambridge 
.886.  •Love,  E.  F.  J.,  M.A.    The  University,  Melbourne,  Australia 
876.  •Love,  James,  F.R.A.S.,  F.G.S.,  F.Z.S.    11  Campden  Hiu4quare 

London,  W.  ^       ' 

883.  tLove,  James  Allen.    8  Eastbourne-road  West,  Southport 

876.  •Lovett,  W.  Jesse,  F.I.C.    Sydney  House,  17  St.  DavidVroad  Sc. 

Anne's-on-Sea.  ' 

892.  §Lovibond,  J.  W.    Salisbury,  Wiltshire. 
.889.  JLow,  Charles  W.    84  Weatboume-terrace,  London,  W. 

867.  •Low,  James  F.    Moni6eth,bv  Dundee. 

.886.  §Lowdell,  Sydney  Poole.    Baldwyn's  Hill,  East  Grinstead.  Suaaex. 
.891.  §Lowdon,  John.    St.  Hilda's.  Barrv,  Cardiff. 
886.  'Lowe,  Arthur  C.  W.    Gosfield  Hall,  Halstead,  Essex 
892.  tLowe,  D.  T.    Heriot's  Hospital,  Edinburgh. 
861.  •Lows,  Edward  Joseph,  F.K.S.,  F.R. A.S.,  F.L.S.,  F.G.S.  F.R  M  S 
Shirenewton  Hall,  near  Chepstow.  ' 

884.  t  lotce,  F.  J.    Elm-^urt,  Temple,  London,  E.  C. 

880.  •Lowe,  John  Landor,  M.Inst.C.E,    Engmeer's  Office,  Midland  Rail- 

way, Derby. 

860.  JLowe,  William  Henry,  M.D.,  F.R.S.E.  Balgreen,  Slateford  Edin- 
burgh. ' 

894.  §Lowenthal,  Miss  Nellie.    00  New  North-road,  ITuddersfield 

881.  tLubbock,  Arthur  Rolfe.    High  Elms,  Hayes,  Kent. 

863.  •Lubbock,  The  Right  Hon.  Sir  Johk,  Bart,  M.P..  D  C  L    Tin 

F.R.S.,  F.L.S.,  F.G.S.    High  Elms,  Down,  Kent.  '  ' 

.881.  JLubbock,  John  B.    14  Berkeley-street,  London,  W. 
870.  tLubbock,  Montague,  M.D.     19"Gro8venoi^8treet,  London  W 
889.  tl-«ucas,  John.    1  Carlton-terrace,  Low  Fell,  Gateshead.    ' 
878.  tLucas,  Joseph.    Tooting  Graveney,  London,  S.W. 
889.  tLuckley,  George.    The  Grove,  Jesmond,  Newcastle-unon-Tvn*. 
891.  •Lucovich,  Count  A.    The  Rise,  Llandaff.  ^    ^ 

876.  JLucy,  W.  C,  F.G.S.    The  Winstones,  Brookthorpe,  Gloucester 
881.  JLuden,  C.  M.    4  Bootham-terrace,  York.  ^  ^ioucesier. 


Digitized  by  VjOOQIC 


64  LIST  OF  MEMBERS. 

You- of 
BleotloD. 

1866.  *Luiid,  Charles.    Ilkley,  Yorkshire. 

1873.  JLund,  Joseph.    Ilkley,  Yorkshire. 

1860.  *Lundie,  Oomelius.    32  Newport-road,  OardiflT. 

1892.  ]:Lunn,  Robert.      Oeological  Survey  Office^  Sheriff  Court  Hoiue, 

Edinburgh. 
1853.  tLunn,  William  Joseph,  M.D.    23  Charlotte-street,  Hull. 

1883.  •Lupton,  Arnold,  M.Inst.CE.,  F.G.S.,  Professor  of  Mining  Engineer- 

ing  in  Yorkshire  College.    6  De  Grey-road,  Leeds. 

1874.  •LupTON,  Stdnbt,  M.A.    Grove  Cottajre,  Roundhay,  near  Tjeeds. 
1864.  *Lutley,  John.    Brockhampton  Park,  Worcester. 

1871.  JLyell,  Sir  Leonard,  Bart,  M.P.,  F.G.S.    48  Eaton-place,  London, 
S.W. 

1884.  ^Lyman,  A.  Clarence.    84  Victoria-street,  Montreal,  Canada. 
1884.  tLyman,  H.  H.    74  McTaTish-^treet,  Montreal,  Canada. 
1874.  JLynam,  James.    Ballinasloe,  Ireland. 

1886.  §Lyon,  Alexander,  jun.    52  Carden-place,  Aberdeen. 

1862.  •Ltte,  F.  Maxwell,  F.C.S.    60  Finborough-road,  London,  S.W. 


1862.  t^cAdam,  Bobert,    18  CoUepe-square  East,  Belfast, 

1854.  •Macadam,  Sievewsow,    Ph.D.,    F.R.S.E.,    F.O.S.,    Lecturer    on 

Chemistiy.    Surgeons'  Hall,  Edinburgh ;  and  Brighton  House, 

Portobello,  by  Edinburgh. 
1876.  •Macadaic,  William  Ivisok.,  F.R.S.E.,  F.LC,  F.C.S.    Surgeons' 

Hall,  Edinburgh. 
1868.  JMacalister,  Alexakder,  M.D.,  F.R.S.,  Professor  of  Anatomy  in 

the  University  of  Cambridge.    Torrisdale,  Cambridge. 

1878.  JMaoAlister,  DoKALD,  M. A.,  M.D.,  B.Sc.    St.  John's  College,  Cam- 

bridge. 

1879.  §MacAndrew,  James  J.,  F.L.S.    Lukesland,  Ivybridge,  South  Devon. 

1883.  §MacAndrew,  Mrs.  J.  J.    Lukesland,  Ivybridge,  South  Deron. 
1888.  §MacAndrew,  William.    Westwood  House,  near  Colchester. 
1866.  •M'Arthur,  Alexander,  F.RG.S.    79  Holland  Park,  London,  W. 

1884.  JMacarthur,  D.    Winnipeg,  Canada. 

1834.    Maoaulat,  James,  A.M.,  M.D.     26  Carlton-vale,  London,  N.W. 
1840.  "^MocBrayne,  Bobert,    66  West  Bepent-Btreetj  Glasgow, 
1884.  JMcOabe,  T.,  Chief  Examiner  of  Patents.      Patent  Office,  Ottawa, 
Canada. 

1886.  tMacCarthy,  Rer.  E.  F.  M.,  M.A.    93  Hagley-road,  Birmingham. 

1887.  •McCarthy,  James.    Bangkok,  Siam. 

1884.  •McCarthy,  J.  J.,  M.D.    83  Wellington-road,  Dublin. 
1884.  jMcCausland,  Orr.    Belfast. 

1891.  •McClean,  Frank,  M.A.,  F.S.S.    Rusthall  House,  TunbridgB  Wells. 
1876.  •M'Clellawd,  A.  S.    4  Crown-gardens,  Dowanhill,  Glasgow. 
186S.  JM^Clintock,  Admiral    Sir   Francis   L.,  RN.,   K.C.B.,  F.RS., 

F.R.G.a.    United  Service  Club,  Pall  Mall,  London,  S.W. 
1878.  •M'Comas,  Henry.    Homestead,  Dundrum,  Co.  Dublin. 

1892.  •McCowan,  John,  M.A.,  D.Sc.    University  College,  Dundee. 
1892.  tMcCrae,  George.    3  Dick-place,  Edinburgh. 

1883.  JMcHrossan,  James.    92  Huskisson-street,  Liverpool. 
1886.  t  McDonald,  John  Allen.    Hillsboro'  House,  Derby. 

1884.  tMacDonald,  Kenneth.    Town  Hall,  Inverness. 

1884.  •McDonald,  W.  C.    891  Sherbrooke-street,  Montreal,  Canada. 
1884.  JMacI)onnell,Mr8.F.H.  1433  St.  Catherine-street, Montreal,  Canada. 

MacDonnell,  Hercules  H.  G.     2  Kildare-place,  Dublin. 
1883.  JMacDonnell,  I^v.  Canon  J.  C,  D.D.     Misterton  Rectory,  Lutter- 
worth. 


Digitized  by  VjOOQIC 


LIST  OF  MEMBERS.  65 

Year  of 
Election. 

1878.  ^McDonnell,  James.    32  Upper  Fitzwiliiam-street,  Dublin. 

1884.  }Macdougall,  Alan,  M.Inst.C.E.    32  Adelaide-street  East,  Toronto^ 

Canada. 
1884.  JMpDougall,  John.    35  St.  Francois  Xavier-street,  Montreal,  Canada. 
1881.  tMacfarlaney  Alexander,  D.Sc.,  F.K.S.E.,  Professor  of  Physics  in  the 

University  of  Texas.    Austin,  T^xas,  U.S.A. 

1871.  tM'Farlane,  Donald.    The  College  Laboratory,  Gla^ffow. 

1886.  tMacfarlane,  J.  M,  D.Sc.,  F.R.S.E.,  Professor  of  Biology  in  the 
University  of  Pennsylvania,  Lansdowne,  Delaware  Co.,  Penn- 
sylvania, U  S.  A. 

1879.  tMacfarlane,  Walter,  jun.     12  Lynedoch-crescent,  Glasgow. 
1884.  XMacfie,  K,  N.,  B.A.,  B,C,L.     Winnipeg,  Canada. 

1867.  •M'Gavin,  Robert.    Ballumbie,  Dundee. 

1888.  tMacGeorge,  James.    07  Marloes-road,  Kensington,  London,  "NV, 

1884.  JMacGillivray,  James.    42  Cathcart-street,  Montreal,  Canad;>. 
1384.  JMacGoun,  Archibald,  jun.,  B.A.,  B.C.L.     19  Place  d*Armes,  Mont- 
real, Canada. 

1873.  JMcQowen,  William  Thomas.    Oak-avenue,  Oak  Mount,  Bradford, 

Yorkshire, 
1886.  JMacgregor,  Alexander,  MD.    266  Union-street,  Aberdeen. 
1384.  •MacGkegor,  James  Gordon,  M.A.,  D.Sc,  F.R.S.E.,  Professor  of 

Physics  in  Dalhousie  College,  Halifax,  Nova  Scotia,  Canada. 

1885.  tM'Qrego^-Robe^t8on,  J.,  M. A.,  M.B.    26  Buchanan-street,  Ilillhead, 

Glasgow. 
1876.  JM^Grigor,  Alexander  B.,  LL.D.    19  Woodside-terrace,  Glasgow. 
1867.  •M'lNT0SH,W.  0.,M.D.,  LL.D.,  RR.S.,  F.RS.E.,  F.L.S.,  Professor 

of  Natural  History  in  the  University  of  St.  Andrews.    2  Abboti- 

ford-crescent,  St.  Andrews,  N.B. 
1884.  JMcIntvpe,  John,  M.D.    Odiham,  Hants. 

1883.  JMackj'lsaac  A.    Trinity-road,  Bootle. 

1884.  tMackay,  Alexander  Howard,  B.A.,  B.Sc.     The  Academy,  Pictou, 

Nova  Scotia,  Canada. 

1886.  §Mackat,  John  Yule,  M.D.    The  University,  Glasgow. 

1873.  tMcKBNDRiCK,  John  G.,  M.D.,  LL.D.,  F.R.S.,  F.R.S.E.,  Professor 
of  Physiology  in  the  University  of  Glasgow.  The  University, 
Glasgow. 

1883.  JMcKendrick,  Mrs.    The  University,  Glasgow. 

1880.  ^Mackenzie,  Colin.    Junior  Athenceum  Club,  Piccadilly,  London,  W, 

1884.  JMcKenzie,  Stephen,  M.D.    2G  Finsbury-circus,  London,  E.C. 
1884.  JMcKenzie,  Thomas,  B.A.    School  of  Science,  Toronto,  Canada. 

1883.  jMackeson,  Henry.    Hythe,  Kent. 

1872.  •Mackey,  J.  A.     1  Westbourne-terrace,  Hyde  Park,  London,  W. 
1867.  JMackib,  Samuel  Joseph.    17  Howley-place,  London,  W. 

1884.  JMcKilligan,  John  B.    387  Main-street,  Winnipeg,  Canada. 

1887.  JMackinder,  II.  J.,  M.A.,  F.R.G.S.    Christ  Church,  Oxford. 
1867.  •Mackinlay,  David.    6  Great  Western-terrace,  Hillhead,  Glasgow. 

1889.  JMcKinley,  Rev.  D.    33  Milton-street,  West  Hartlepool. 

1891.  jMackiutosh,  A.  0.    Temple  Chambers,  Cardiff. 
1860.  tMacknight,  Alexander.    20  Albany-street,  Edinburgh. 
1867.  X^ackMn,  H.  Q.    26  Cliff-road,  WoodhovM,  Leeds. 

1872.  •McLachlan,  Robert,  F.R.S.,  F.L.S.  West  View,  Clarendon-road, 
Lewisham,  S.E. 

1892.  §Maclagan,  Sir  Douglas,  M.D.,  LL.D.,  F.R.S.E.,  Professor   of 

Medical  Jurisprudence  in  the   University  of  Edinburgh.     2rf 

Heriot-row,  Edinburgh. 
1892.  tMaclagan,  Philip  K.  D.    14  Belgrave-place,  Edinburgh. 
1892.  tMaclagan,  R.  Craig,  M.D.,  F.R.S.E.    6  Coates-crcscent,  Edinburrh, 
1894.  E  c-  ^ 

Digitized  by  VjOOQIC 


66  LIST  OF  MEMBERS. 

Year  of 
Blection. 

1873.  JMcLandsborough,  John,  M.Inst.O.E.,  F.RA.S.,  F.G.S.    Manniiwr- 

bam,  Bradlord,  Yorkshire. 
1885.  •M'Labew,  The  Hon.  Lord,  F.R.S.E.,  F.R.A.S.     40  Moray-place, 

Edinburgh. 
1800.  tMaclaren,  Archibald.    Summertown,  Oxfordshire. 

1873.  jMacLaren,  Walter  S.  B.    Newington  House,  Edinbui^h. 

1883.  I  Maclean,  Inspector-General,  C.B.    1  Rockstone-terrace,  Southampton. 
1892.  •Maclean,  Ma^us,  M.A.,  F.R.S.E.    The  University,  Ghisgow. 

1884.  ]:McLeDnan,  Frank.     317  Drummond-street,  Montreal,  Canada. 
1884.  ^McLennan,  Hugh.    317  Drummond-street,  Montreal,  Canada. 
1884.  tMcLennan,  John.    Lancaster,  Ontario,  Canada. 
18G8.  §McLeod,  Herbert,  F.R.S.,  F.C.S.,  Professor  of  Chemistry  in  the 

Royal  Indian  Civil  Engineering  College,  Cooper*s  Hill,  Staines. 
1802.  t^acleod,  Beffirudd.     WoodJuiU,  Midlothian. 
1802.  tMacleod,  W.  Bowman.     16  Geoive-square,  Edinburgh. 

1861.  •Maclure,  John  WiUiam,  M.P.,  F.R.G.S.,  F.S.S.    WhaUey  Range, 

Manchester.  ' 

1883.  •McMahon,  Lieut.-General  C.  A.,  F.Q.S.    20  Nevem-square,  South 
Kensington,  London,  S.W. 

1883.  JMaoMahon,  Major  P.  A.,  R.A.,  F.R.S.,  Professor  of  Electricity  in 

the    Artillery    College,    Woolwich.     40   Shaftesbury-avenue^ 
London,  W.C. 
1878.  •M'Master,  George,  M.  A.,  J.P.    Rathmines,  Ireland. 

1862.  JMacmillan,  Alexander.    21  Portland-place,  London,  W. 
1888.  XMcMillan,  Robert,    20  Aubrey-^reet,  Liverpool. 

1874.  JMacMordie,  Hans,  M.A.    8  ifonegall-street,  Bel&Bt. 

1884.  tMcMurrick,  J.  Playfair.    Cincinnati,  Ohio,  U.S.A. 

1867.  tM'Neill,  John.    Balhousie  House,  Perth. 

1883.  JMcNicoU,  Dr.  E.  D.    16  Manchester-road,  Southport 

1878.  JMacnie,  George.    50  Bolton-street,  Dublin. 

1887.  tMaconochie,  Archibald  White.    Care  of  Messrs.  Maconochie  Bros., 

Lowestoft.  I 

1883.  JMacpherson,  J.    44  Frederick-street,  Edinburgh.  ,  | 

1887.  §McRae,  Charles^  M.A.,  F.L.S.    Department  of  Science  and  Art,  I 

South  Kensington,  Ijondon,  S.W. 
•Macrort,  Edmund,  M.A,    10  Pembrid^re-square,  London,  W. 
1883.  XMcJVhirter,  William.    170  Kent-road,  Gla^ow. 
1887.  JMacy,  Jesse.     Grinnell,  Iowa,  U.S..\. 
1883.  tModden,  W.  H.    Marlborough  College,  Wilts. 
1883.  jMaggs,  Thomas  Charles,  F.G.S.  66  Clarendon-villas,  West  Brighton.  i 

1868.  tMagnay,  F.  A.    Drayton,  near  Norwich.  I 

1875.  •Magnus,  Sir  Philip,  B.Sc.     48  Gloucester-place,  Portman-square, 

London,  W. 
1878.  tMahonv,  W.  A.    34  College-green,  Dublin. 
1860.  JMain,  Robert.    The  Admiralty,  Whitehall,  London,  S.W. 
1887.  JMainprice,  AV.  S.    Longcroft,  Altrincham,  Cheshire. 

1886.  •Mwtland,  Sir  James  R.  G.,  Bart.    Stirling,  N.B. 

1883.  tMaitland,  P.  C.     136  Great  Portland-street,  London,  W. 

•Malcolm,  Frederick.    Morden  College,  Blackheath,  London,  S.E. 
1881.  tMalcolm,  Lieut-Colonel,  R.E.    72  Nunthorpe-road,  York. 
1874.  jMalcolmson,  A.  B.    Friends'  Institute,  Belfast. 
1880.  JMaling,  C.  T.     14  Ellison-place,  Newcastle-upon-Tyne. 
1867.  JMallkt,  John  William,  Ph.D.,  M.D.,  F.R.S.,  F.fc.S.,  Professor  of 
Chemistry  in  the  University  of  Virginia,  Albemarle  Co.,  U.S. A. 

1887.  JManchesteb,  The  Right  Rev.  the  Lord  Bishop  of,  D.D.    Bishops 

Court,  Manchester. 
1870.  JManifold,  W.  II.,  M.D.    46  Rodney-street,  Liverpool. 


Digitized  by  VjOOQIC 


LIST  OF  MEMBERS.  67 

Year  of 
Election. 

1885.  tMann,  George.    72  Bon  Accord-street,  Aberdeen. 
1888.  JMann,  W.  J.    Rodney  House,  Trowbridge. 
1894.  §Manning,  Percy.    Watford,  Herts. 

1878.  §  Manning,  Robert.    4  Upper  Ely-place,  Dublin. 
3864.  JMansel-Pleydell,  J.  0.     Whaicombe,  Blandfoi-d. 
1888.  tMansergby  James,  M.Inst.C.E.      S  Westminster-chambers.  Lon- 
don, S.W. 
189L  ^Manuel,  James.     175  Newport-road,  CardifT. 

1880.  JManville,  E.    S  PrinceVmansions,  Victoria-street,  London,  S.W. 
1887.  •March,  Henry  CoUey,  M.D.,  F.S.A.    2  West-street,  Rochdale. 
1870.  JMarcoartu,  His  Excellency  Don  Arturo  de.    Madrid. 

1887.  JMargetson,  J.  Charles.    The  Rocks,  Limpley,  Stoke. 

1883.  ^Marsfinson,  James  Fleetwood.    The  Mount,  Fleetwood,  Lancashire. 

1887.  §Markham,  Christopher  A.,  F.R.Met.Soc.    Spratton,  Northampton. 
1864.  JMarkhaic,  Clbmbnts  R.,  C.B.,  F.R.S.,  F.L.S.,  Pres.RG.S.,  F.S.A. 

21  Eccleston-square,  London,  S.W. 
1 894.  §  MarkoflF,  Dr.  Anatolius.  36  Cambridge-street,  Hyde  Park,  London, W. 

1863.  jMarley,  John.    Mining  Office,  Darlmgton. 

1888.  t Marling,  W.  J.    Stanley  Park,  Stroud,  Gloucestershire. 

1888.  JMarling,  Lady.    Stanley  Park,  Stroud,  Gloucestershire. 

1881.  •Mark,  John  Edward,  M.A.,  F.R.S.,  F.G.S.     St.  John's  College, 

Cambridge. 
1887.  t^arsden,  Benjamin.    Westleigh,  Heaton  Mersey,  Manchester. 
1887.  XMartden,  Joseph.    Ardenlea,  Heaton,  near  Bolton, 

1884.  *Marsden,  Samuel.    St.  Louis,  Missouri,  U.S.A. 

1892.  •Marsden-Smedley,  J.  B.    Lea  Green,  Cromford,  Derbyshire. 
1883.  "Marsh,  Henry.    72  Wellington-street,  Leeds. 
1887.  JMarsh,  J.  K,  M.A.    The  Museum,  Oxford. 

1864.  tMarsh,  Thomas  Edward  Miller.    87  Gro.svenor-place,  Bath. 

1889.  •Marshall,  Alfred,  M.A.,  LL.D.,  Professor  of  Political  Pxonomy 

in  the  University  of  Cambridge.    Balliol  Croft,  Madingley-road, 
Cambridge. 

1880.  JMarshall,  Frank,  B.A.    31  Grosvenor-place,  Newcastle-upon-Tvne. 
1892.  §Marahall,  Hugh,  D.Sc,  F.R.S.E.    Druim  Shellach,  Liberton,  Mid- 
lothian. 

1881 .  •Marshall,  John,  F.R  A.S.,  F.G.S.    Church  Institute,  Leeds. 

1890.  t  Marshall,  John.    Derwent  Island,  Keswick. 

1881.  t  Marshall,  John  Ingham  Fearby.    28  St.  Saviourgate,  York. 
1858.  XMarshallj  Reginald  Dykes,     Adel,  near  Leeds, 

1886.  •Marshall,  WiLLiAU  IUtlet,  M.Inst.C.E.  Richmond  HiU,  Edgbas- 

ton.  Birmingham. 
1849.  •Marshall,  Wiixiam  P.,  M.InstC.E.    Richmond  Hill,  Edgbaston, 
Birmingham. 

1865.  §Martbn,  Edward  Biwdon.    Pedmore,  near  Stourbridge. 
1883.  tMarten,  Henry  John.    4  Store/s-gate,  London,  S.W. 

1887.  •Martin,  Rev.  H.  A.    Laxton  Vicarage,  Newark. 

1891.  •Mai-tin,  Edward  P.,  J.P.    Dowlais,  Glamorgan. 
1848.  JMartin,  Henry  D.    4  Imperial-circus,  Cheltenham. 

1878.  JMartin,  H.  Nkwell.  M.A.,   M.D.,  D.Sc.,  F.RS.,  Professor  of 
Biology  in  Johns  Hopkins  University,  Baltimore,  U.S.A. 

1883.  •Martin,  JoHK  Biddulph,  M.A.,  F.S.S.  17  Hyde  Park-gate,  London, 

S.W. 

1884.  §Martin,  N.  H.,  F.L.S.    8  Windsor-crescent,  Newcastle-upon-Tyne. 

1889.  'Martin,    Thomas  Henry,  Assoc.M.Inst.C.E.    Lyon    House,    New 

Bamet,  Herts. 

1890.  §Martinda1e,  William.    19  Devonshire-street,  Portland-place,  Lon- 

don, W. 

Digitized  by  VjOOQIC 


68  LIST  OF  MEMBERS. 

Year  of 
Election. 

•Martineau,  Rev.  James,  LL.D.,  D.D.      36  Qordon-flquare,  London, 
W.C. 
1865.  {Martineau,  R  F.     18  Hiffhfield-road,  Edgbaston,  Birmingham. 
1883.  JMarwick,  Sir  James,  LL.T).    Killermont,  Marjhil],  Glasgow. 
1891.  jMarychurch,  J.  Q.    46  Park-street,  Cardiff. 

1878.  ^Masaki,  Taiso.    Japanese  Consulate,  84  Bishopsgate-etreet  Witliin, 

London,  E.C. 
1847.  JMaskeltne,  Nevil  Stobt,  M.A.,  F.R.S.,  F.G.S.,  Professor    of 
Mineralogy  in  the  University  of  Oxford.    Basset  Down  House, 
Swindon. 

1886.  JMason,  Hon.  J.  E.    Fiji. 

1879.  |Mason,  James,  M.D.    Montgomery  House,  Sheffield. 

1893.  *Mason,  Thomas.    6  Pelham-road,  Sherwood  Itise,  Nottingham. 
1891.  'Massey,  William  H.,  M.Inst.C.E.    Twyford,  RS.O.,  Berkshire. 
1885.  JMasson,  Orme,  D.Sc.    58  Great  King-street,  Minburgh. 
1883.  tMather,  Robert  V.    Birkdale  Lodge,  Birkdale,  Southport, 

1887.  'Mather,  William,  M.P.,  M.InstC.E.    Salford  Iron  Works,  Man- 

Chester. 
1890.  JMathers,  J.  S.    1  Hanover  square.  lieeds. 
1865.  :[ Mathews,  C.  E.    Waterloo-street,  Birmingham. 

1894.  §  Mathews,  G.  B.    Bangor. 

1865.  'Mathews,  Q.  S.     32  Augustus-road,  Edgbaston,  Birrainghsm. 

1889.  JMathews,  John  Hitchcock.    1  QueenVgardens,  Hyde  Park,  London, 

W. 
1861.  •Mathews,  William,  M.A.,  F.G.S.    21  Augustusroad,  Edgbaston, 

Birmin^rham. 
1881.  JMathwin,  Henry,  B.A.    Bickerton  House,  Southport. 

1883.  tMathwin,  Mrs.    40  York-road,  Birkdale,  Southport. 
1858.  jMatthews,  F.  C.    Mandre  Works,  Driffield,  Yorkshire. 
1885.  t^ATTHEWS,  Jahes.    SpringhiU,  Aberdeen. 

1885.  } Matthews,  J.  Duncan.    Spriughill,  Aberdeen. 

1863.  jMaughan,  Rev.  W.    Ben  well  Parsonage,  Newcastle-upon-Tyne. 

1890.  X^aundf  E.  A,    294  Regent-street,  London,  W. 

1893.  §Mavor,  Professor  James.    University  of  Toronto,  Canada. 

1866.  •Maw,  George,  F.L.S.,  F.G.S.,  F.S.A.    Kenley,  Surrey. 

1894.  §  Maxim,  Hiram  S.     Baldwin's  Park,  Bexley,  Kent. 
1876.  jMaxton,  John.    6  Belgrave-terrace,  Glasgow. 
1887.  ^Maxwell,  James.    29  Princess-street,  Manchester. 

•Maxwell,  Robert  Perceval.    Finnebrogue,  Downpa trick. 
4883.  §May,  WiUiam,  F.G.S.,  F.R.G.S.    NorthBeld,  St.  Mary  Cray,  Kent. 
i883.  jMftyallj  George.    Clairnlle,  Birkdale,  Southport. 
8.884.  'Mayburv,  A.  C,  D.Sc.    19  Bloomsbury-squai'e,  London,  W.C. 

1878.  •Mayne,  I'homas.    33  Castle-street,  Dublin. 

1884.  XMechanty  Arthur,     11  Ne^oton-terrace,  Glasgow. 

1871.  tMeikie,  James, F.S.S.    6  St.  Andrews-square,  Edinburgh. 

1879.  §Meikleiohn,  John  W.  S.,  M.D.     105  Holland-road,  London,  W. 
1887.  JMeischke-Smith,  W.  Rivala  Lumpore,  Salengore,  Straits  Settlements. 
1881.  •Meldola,  Raphael,  F.R.S.,  F.R.A.S.,  F.C.S.,  F.IC,  Professor  of 

Chemistry  in  the  Finsburv  Technical  College,  City  and  Guilds 
of  London  Institute.    0  Brunswick-square,  London,  W.C. 

1367.  JMeldexth,  Charles,  C.M.G.,  LL.D.,  F.R.S.,  F.R.A.S.  Port  Ix)ui8, 
Mauritius. 

1883.  tMellis.  Rev.  JameJ*.    23  Park-street,  Southport. 

1879.  •Mellish,  Henrv.    Hodsock  Priory,  VVorksop. 

1866.  tMELLO,  Rov.  Jr.  M.,  M.A.,  F.G.Sl    Mapperfev  Vicarage,  Derby. 

1833.  §Mello,  Mrs.  J.  M.    Mapperlev  Vicarage,  Derby. 

1881.  SMelrose,  James.    Clifton  Croft,  York. 


Digitized  by  VjOOQIC 


LIST  OF  MEMBERS.  69 

Tear  of 
Election. 

1887.  :tMelyill,  J.  Cosmo,  M.A.    Eersal  Cottage,  Frestivich,  Manchester. 
1847.  tMelyille,Profed8or  Alexander  Gtordooi  M.D.  Queen^s  College^GaJway. 
1863.  tMelvin,  Alexander.    42  Buccleuch-place,  Edinburgh. 

1877.  ^Menabrea,  General,  Marquis  of  Valaora,  LL.D.    Chamb^ry,  Savoie. 
1862.  itMsNiTELL,  HsNRT  T.    St  DunstanVbuildmgs,  Great  Towernstreet, 
London,  £.0. 

1879.  §M£itiTALE,  John  Herman,  M.A.,  Professor  of  Mining  in  the  College 

of  Science,  Newcastle-upon-T^Tie. 

1880.  JMerry,  Alfred  S.    Brjn  Heulog,  Skettv,  near  Swansea. 
1889.  'Merz,  John  Theodore.    The  Quarries,  fCewcastle-upon-Tyne. 
1803.  JMessent,  P.  T.    4  Northumberknd-terrace,  Tynemouth. 

1809.  JMiALL,  Louis  C,  F.RS.,  F.L.S.,  F.G.S.,  Professor  of  Biology  in 
the  Yorkshire  College,  Leeds. 

1880.  :(Middlemore,  Thomas.    Hollo  way  Head,  Birmingham. 
1805.  :(Middlemore,  William.    Edgbaston,  Birmingham. 

1881.  •Middlesbrough,  The  Right  Rev.  Richard  Lacy,  D.D.,  Bishop  of. 

Middlesbrough. 

1893.  §Middleton,  A.    25  Lister-gate,  Nottingham. 

1881.  tMiddleton,  R.  Morton,  F.L.S.,  F.Z.S.  16  Grange-road,  West  Har- 
tlepool. 

1894.  *Miers,  H.  A.,  M.A.   British  Museum,  Cromwell-road,  London,  S.W. 
1889.  JMilbum,  John  D.    Queen-street,  Newcastle-upon-Tyne. 

1886.  :(Miles,  Charles  Albert.    Buenos  Ayres. 

1881.  §Mii.£8,  Morris.    Warboume,  Hill-lane,  Southampton. 

1886.  §MiLL,  Hugh  Robert,  D.Sc.,  F.R.S.E.,  Librarian  R.(i.S.  109  West 
End-lane,  Hampstead,  London,  N.W. 

1869.  JMillar,  John,  J.P.    Lisburn,  Ireland. 

1889.  •Millar,  Robert  Cockburn.    80  York-place,  Edinburgh. 

Milhir,  Thomas,  M.A.,  LL.D.,  F.R.S.E.    Penh. 
1892.  •MiUard,  William  Joseph  Kelson,  M.D.,  F.R.G.S.  Ilolmleigh,  Rock- 
leaze,  Stoke  Bishop,  Bristol. 

1882.  JMiller,  A.  J.     16  East  Park-terrace,  Southampton. 
1876.  f  Miller,  George.    Brentry,  near  Bristol. 

1892.  jMiller,  Hugh,  F.R.S.E.,  F.G.S.    3  Douglas-crescent,  Edinburgh. 

1888.  J^Iiller,  J.  Bruce.     Rubislaw  Den  North,  Aberdeen. 

1885.  j: Miller,  John.    9  Rubislaw- terrace,  Aberdeen. 
1880.  JMiller,  Rev.  John.    The  College,  Weymouth. 
1801.  •Miller,  Robert.    Totteridge  House,  Hertfordshire,  N. 
18ai.  JMiUer,  T.  F.,  B.Ap.Sc.    Napanee,  Ontario,  Canada. 

1870.  :f Miller,  Thomas  Paterson.    Cairns,  Cambuslang,  N.B. 

1808.  •Mills,  Edmund  J.,  D.Sc,  F.R.S.,  F.C.S.,  Young  Professor  of 
Technical  Chemistry  in  the  Glasgow  and  West  of  Scotland 
Technical  College,  Glasgow.     00  John-street,  Glasgow. 

1880.  §Mills,  Mansleldt  H.,  M.Inst.C.E.    Mansfield  Woodbouse,  Mansfield. 

1834.     Milne,  Admiral  Sir  Alexander,  Bart.,  G.C.B.,  F.Ii.S.E.    Inveresk. 

1886.  JMilne,  Alexander  D.    40  Albyn-place,  Aberdeen. 

1882.  'MiLNB,  John,  F.R.S.,  F.G.S.,  Professor  of  Mining  and  Geology  in 
the  Imperial  College  of  Engineering,  Tokio,  Japan.  Ingleside, 
Birdhurst  Rise,  South  Croydon,  Smn^. 

1885.  JMilne,  J.  D.     14  Rubislaw-terrace,  Aberdeen. 

1886.  JMilne,  William.    40  Albyn-place,  Aberrleen. 

1887.  JMilne-Redhead,  R.,  F.L.S.    llolden  Clough,  Clitheroe. 

1882.  tMihies,  Alfred,  M.A.,  F.S.S.  22a  Goldhurst-terrace,  South  Hamp- 
stead, London,  N.W. 

1888.  XMiUoniy  C/utrles.    09  Pulteney-itreet,  Bath. 

1880.  JMinchin,  G.  M.,  M.A.  Royal  Indian  Engineering  College,  Cooper's 
Hill,  Surrey. 


Digitized  by 


Google 


70  LIST  OF  MEMBERS. 

Year  of 
BlecUon. 

1856.  tMirrlees,  James  Buchanan.    45  Scotiand-street,  Glasgow. 
1859.  tMitcheU,  Alexander,  M.D.     Old  Bain,  Aberdeen. 

1876.  ^Mitchell,  Andrew.    20  Woodside-place,  Glasgow. 

1883.  ^Mitchell,  Charles  T.,  M. A.    41  Addison-gardens  North,  Kensington, 

London,  W. 
1883.  {Mitchell,  Mrs.  Charles  T.    41  Addison-gardens  North,  Kensington, 

London,  W. 
1863.  JMitchell,  C.  Walker,  LL.D.    Newcastle-upon-Tyne. 
1873.  JMitchell,  Henry.    Parkiield  House,  Bradford,  Yorkshire. 
1885.  ^Mitchell,  Rey.  J.  Mitford,  B.A.    6  QueenVterrace,  Aberdeen. 
1885.  {Mitchell,  P.  Chalmers.    Christ  Church,  Oxford. 
1879.  JMiVAET,  St.  George,  Ph.D.,  M.D.,  F.R.S.,  F.L.S.,  F.Z.S.    Hurst- 

cote,  Chilworth,  Surrey. 
1885.  {Moffat,  William.    7  Queen Vgardens,  Aberdeen. 
1885.  {Moir,  James.    25  Carden-place,  Aberdeen. 

1883.  {MoUison,  W.  L.,  M.A.    Clare  College,  Cambridge. 

1878.  {Molloy,  Constantine,  Q.C.    66  Lower  Leeson-street,  Dublin. 

1877.  *Molloy,  Rev.  Gerald,  D.D.    86  Stephen's-green,  Dublin. 

1884.  {Monaghau,  Patrick.    Halifax  (Box  317),  Nova  Scotia,  Canada. 
1887.  •MoND,  Ltjdwio,  F.R.S.,  F.C.S.    20  Avenue-road,  Regent's  Park, 

London,  N.W. 
1891.  •Mond,  Robert  Ludwig,  B.A.,  F.RS.E.    20  Avenue-road,  Regent's 

Park,  London,  N.W.     • 
1882.  ^Montagu,  Sir  Samuel,  Bart.,  M.P.    12  Kensington  Palace-gardens, 

London,  W. 

1891.  {Montefiore,  Arthur,  F.G.S.,  F.RG.S.    Care  of  London  and  South- 

western Bank,  South  Hampstead,  London,  N.W. 

1892.  {Montgomery,  Very  Rev.  J.  F.,  D.D.     17  Athole-crescent,   Edin- 

burgh. 
1872.  {Montgomery,  R.    Mortimer.     3    Porchester-place,   Edgware-toad, 
London,  W. 

1872.  {Moon,  W.,  LL.D.    104  Queen Vroad,  Brighton. 

1884.  {Moore,  George  Frederick.    49  Hardman-street,  Liverpool. 

1881.  §Moore,  Henry.    Collingham,  Maresfield-gardens,  Fitzjohn's-avencf, 

London,  N.W. 
1894.  §Moore,  H.  E.    41  Bedford-row,  London,  W.C. 
1891.  {Moore,  John.    Lindenwood,  Park-place,  Cardiff. 

1890.  {Moore,  Major,  R.£.    School  of  Military  Engineering,  Chatham. 
*MooRB,  John  Cabbick,  M.A.,  F.R.S.,  F.G.S.     113  Eaton-aquare, 

London,  S.W. ;  and  Corswall,  Wigftonshire. 

1857.  •Moore,  Rev.  William  Prior.    Carrickmore,  Galway,  Ireland. 
1871.  {MoBB,  Alexander  G.,  F.L.S.,  M.R.I. A.    74  Leinster-road,  Dublin. 

1891.  {Morel,  P.    Lavemock  House,  near  Cardiff. 

1881.  {MoBGAN,  Alfred.     50    West   Bay-street,  JAcksonville,  Florida, 

U.S.A. 

1873.  {Morgan,  Edward  Delmar,  F.R.G.S.     15  Roknd-gardens,  Londooi 

S.W. 
1891. §§ Morgan,  F.    Forest  Lodge,  Ruspidge,  Gloucestershire. 

1885.  {Morgan,  John.    57  Thomson-street,  Aberdeen. 
1887.  {Morgan,  John  Gray.    38  Lloyd-street,  Manchester. 

1891.  {Morgan,  Sir  Morgan.    Cardiff. 

1882.  §Morgan,  Thomas.    Cross  House,  Southampton. 

1878.  {Morgan,  William,  Ph.D.,  F.C.S.    Swansea. 

1889.  §Mori8on,  J.  Rutberford,  M.D.     14  Saville-row,  Newcastle-upon- 
Tyne. 

1892.  {Morison,  John,  M.D.,  F.G.S.    Victoria-street,  St.  Albans. 
1867.  {MorisoD,  William  R.    Dundee. 


Digitized  by  VjOOQ IC 


UST  or  MEMBERS.  71 

7e»rot 
Election. 

1888.  §Morland,  John,  J.P.    Glastonbury. 

1891.  JMorley,  H.    The  Gas  Works,  Cardiff. 

1883.  •Morley,  Henry  Forster,  M.A.,D.Sc.,  F.O.S.  47  Broadhurst-gardens, 
South  Hampstead,  liondon,  N.W. 

1889.  JMoRLBT,  The  Right  Hon.  Johx,  M.A.,  LL.D.,  F.R.8.,  M.P.    95 

Elm  Park-gardens,  London,  S.W, 
1881.  JMorrell,  W.  W.     York  City  and  County  Bank,  York. 
1880.  JMoriis,  Alfred  Arthur  Venuor.    Wernolau,  Cross  Inn,  R.S.O.,  Car* 

marthenshire. 
1883.  JMorris,  C.  S.    Millbi-ook  Iron  Works,  Landore,  South  Wales. 

1892.  tMorris,  Daniel,  C.B.,  M.A.,  F.L.S.     11  Kew  Gardens-road,  Kew. 
1883.  tMorris,  George  Lock  wood.    Millbrook  Iron  Worlra,  Swansea. 
1880.  §Morris,  James.    6  Windsor-street,  Uplands,  Swansea. 

1883.  JMorris,  John.    40  Wellesley-road,  Liverpool. 

1888.  JMorris,  J.  W.,  F.L.S.    The  Woodlands,  IJathwick  Hill,  Bath. 

1880.  X^^^^^f  ^*  ^'  ^'     ^^^  Lodge,  Pendawdd,  near  Swansea. 

Morris,  Samuel,  M.R.D.S.    Fortview,  Clontarf,  near  Dublin. 

1870.  JMorris,  Rev.  S.  S.  0.,   M.A.,    R.N.,   F.C.S.      ILM.S.    *  Garnet,' 

S.  Coast  of  America. 
1874.  tMorrison,  G.  J.,  MJnst.C.E.    Shanghai,  China. 

1890.  JMorrison,  Sir  George  W.    Leeds. 

1871.  •Morrison,  James  Darsie.    27  Grange-road,  Edinburgh. 

1886.  (Morrison,  John  T.     Scottish  Marine  Station,  Granton,  N.B. 
1806.  jMortimer,  J.  R.    St.  JohnVvilJas,  Driffield. 

1809.  (Mortimer,  William.     Bedford-circus,  Exeter. 

1867.  §MoEXOK,  George  H.,  F.G.S.    209  Edge-lane,  Liverpool. 

1868.  •MoBTON,  Hestrt  Joseph.    2  Westbourne-villas,  Scarborough. 
1871.  (Morton,  Hugh.    Belvedere  House,  Trinity,  Edinburgh. 

1887.  (Morton,  Percy,  M.A.     lUtyd  House,  Brecon,  South  Wales. 

1886.  •Morton,  P.  F.    Hook  House,  Hook,  near  Winchfield,  Hampshire. 

1883.  (Moseley,  Mrs.    Firwood,  Clovedon,  Somerset. 

1891.  XMoss,  Arthur  J.,  M,B.    Penarth,  Glamorffonshtre, 

1878.  •Mobs,  John  Francis,  F.R.G.S.    Beechwood,  Brincliffe,  Sheffield. 

1876.  §MoBs,  Richard  Jackson,  F.C.S.,  M.R.I.A.      St.  Aubyn's,  Bally- 

brack,  Co.  Dublin. 
1864.  •Mosse,  J.  R.    Conservative  Club,  London,  S.W. 

1892.  (Mossman,  R.  C,  F.R.S.E.     10  Blacket-place,  Edinburgh. 
1873.  (Mossman,  William.    Ovenden,  Halifax. 

1892.  •Mostyn,  8.  G.,  B.A.     Colet  House,  Talgarth-road,  London,  W. 

1869.  §Morc,  Albert  J.,  F.G.S.    Detmore,  Cb\irlton  Kings,  Cheltenham. 
1866.  §MoTT,  Frederick  T.,  F.RG.S.    Crescent  House,  Leicester. 

1862.  *Moi7AT,  Frederick  John,  M.I).,  Local  Govei*nment  Inspector.    12 

Durham-villas,  Campden  Hill,  London,  W. 
1856.  (Mould,  Rev.  J.  G.,  B.D.     Roseland,  Meadlix)t,  Torquay. 
1878.  •MouLTON,  J.  Fletcher,  M.A.,  Q.C.,  M.P.,  F.R.S.    67  Onslo^f- 

square,  London,  S.W. 

1863.  (Mounsey,  Edward.    Sunderland. 

1861.  •Mountcastle,  William    Robert.      Bridge    Farm,  Ellenbrook,  near 
Manchester. 

1877.  (Mottnt-Edgcumbe,  The  Right  Hon.  the  Earl  of,  D.C.L.    Mount- 

Edgcumbe,  Devonport. 

1887.  (Moxon,  Thomas  B.     County  Bank,  Manchester. 

1888.  (Moyle,  R.  E.,  B.A.,  F.C.S.    1  be  College,  Cheltenham. 

1884.  (Moyse,  C.  E.,  B.A.,  Professor  of  English  Language  and  Literature 

in  McGill  College,  Montreal.    802  Sherbrooke-street,  Montreali 
Canada. 
1884.  (Moyse,  Charles  E.    802  Sherbrooke-street,  Montreal,  Canada. 


Digitized  by  VjOOQIC 


72  LIST  OF  MEMBERS. 

Tear  of 
Election. 

1894.  §Mu^listoD,  Key.  J.,  M. A.    Kewick  House,  Cheltenham. 

1876.  *Muir,  Sir  JohD,  Bart.    6  Park-gardens,  Glasgow. 

1874.  tMuiR,  M.  M.  Pattibov,  M.A.    Caius  College,  Cambridge. 

1876.  tMuir,  Thomas,  M.A.,  LL.D.,  F.R.S.E.  Beechcioft,  Bothwell, 
Glasgow. 

1872.  tMuirhead,  Alexander.  D.Sc.,  F.C.S.  2  Prince Vstreet,  Stoiej's-gate^ 
Westminster,  S.W. 

1876.  •Muirhead,  Robert  Franklin,  M.A.,  B.Sc.  Bridge  of  Weir,  Ren- 
frewshire. 

1884.  ^Muirhead-Patersan,  Miss  Mary,  LaurievUUf  QueerCs  Driue,  Crot^- 
hill,  Glasgow, 

1883.  JMiTLHALL,  Michael  G.    Fancourt,  Balbriggan,  Co.  Dublin. 

1888.  IMulhall,  Mrs.  Marion.    Fancourt,  Balbriggan,  Co.  Dublin. 

1891.  SMtJLLBB,  F.  Max,  M.A.,  Professor  of  Comparative  Philology  in 
the  University  of  Oxford.     7  Norham-gardens,  Oxford. 

1884.  •MuLLEB,   Hugo,  Ph.D.,    F.R.S.,  F.C.S.     13  Parknsquare    East, 

Regent's  Park,  London,  N.W. 
1880.  }Muller,  Hugo  M.    1  Griinan^er-gasse,  Vienna. 

Munby,  Arthur  Joseph.    6  Fig-tree-court,  Temple,  London,  E.C. 
1866.  JMuNDBLLA,  The   Right  Hon.  A.  J.,  M.P.,  F.R.S.,  F.R.G.S.      10 

ElvastoD-place,  London,  S.W. 
1876.  tMunro,  Donald,  F.C.S.    The  University,  Glasgow. 

1886.  JMuNRO,  J.  E.  Crawford,  LL.D.     14  Upper  Cheyne-row,  Chelsea^ 

London,  S.W. 

1883.  •MuNBO,  Robert,  M.A.,  M.D.    48  Manor-place,  Edinburgh. 
1864.  tMiTRCH,  Sir  Jeroii.    Cran wells,  Bath. 

1864.  •Murchison,  K.  R.    Brockhurat,  East  Grinstead. 

1855.  ^Murdoch,  James  Barclay.     Capelrig,  Meams,  Renfrewshire. 

1890.  t  Murphy,  A.  J.    Preston  House,  Leeds. 

1889.  tMurphy,  James,  M.A.,  M.D.    Holly  House,  Sunderland. 

1884.  §  Murphy,  Patrick.    Newry,  Ireland. 

1887.  JMurray,  A.    Hazeldean,  Kersal,  Manchester. 

1891.  JMurray,  G.  R.  M.,  F.R.S.E.,  F.L.S.   British  Museum  (Natural  His- 

tory), South  Kensington,  London,  S.W. 

1859.  iMurray,  John,  M.D.    Forres/Scotland. 

1884.  tMuRRAY,  JoHi^,  F.R.S.E.  'Challenger'  Expedition  Office,  Edin- 
burgh. 

1884.  JMurray,  J.  Clark,  LL.D.,  Professor  of  Logic  and  Mental  and  Moral 
Philosophy  in  McGill  University,  Montreal.  Ill  McKay-street, 
Montreal,  Canada. 

1872.  JMurray,  J.  Jardine,  F.R.C.S.E.    99  Montpelliei^road,  Brighton. 

1892.  tMurray,  T.  S.     1  Nelson-street,  Dundee. 

1863.  t Murray,  William,  M.D.    9  Ellison-place,  Newcastle-on-Tvne. 
1883.  JMurray,  W.  Vaughan,  F.RG.S.    2  Savile-row,  London,  W. 
^74.  §Mu8grave,  James,  J.P.    Drumglass  House,  Belfast. 
1870.  *Muspratt,  Edward  Knowles.    Seaforth  Hall,  near  Liverpool. 

1891.  §$Muy bridge,  Eadweard.     University  of  Pennsylvania,  Philadelphia, 

U.S.A. 

1890.  •Myres,  John  L.,  B  A.    Swanbourne,  Winslow,  Buckinghamshire. 

1886.  SNagel,  D.  H.,  M.A.,  F.C.S.    Trinity  College,  Oxford. 

1892.  •Nairn,  Michael  B.    Kirkcaldy,  N.B. 

1890.  §  Nalder,  Francis  Henry.  16Red  Lion-street,  Clerken well, London,  E,C. 
J  876.  JNapier,  James  S.    9  Woodside-place,  Glasgow. 
1872.  JNares,  Admiral  Sir  G.  S.,  K.C.B.,  RN.,  F.RS.,  F.RG.S.     St, 
Bernard's,  Maple-road,  Surbiton. 


Digitized  by  VjOOQIC 


LIST  OF  MEMBERS.  73 

Tew  of 
Election. 

1887.  JNaBon,   Professor   Henry   B.,   Ph.D.,    F.O.S.    Troy,  New  York, 

U.SA. 
1887.  §Neild,  Chftrles.    19  Chapel  Walks,  Manchester. 
1883.  •Neild,  Theodore,  B.A..    Dalton  Hall,  Manchester. 
1887.  tNeill,  Joseph  S.    Claramont,  Broughton  Park,  Manchester. 
1887.  :(Neill,  Robert,  jun.    Beech  Mount,  Higher  Broughton,  Manchester. 
1855.  JNeilson,  Walter.    172  West  George-street,  Glasgow. 
1870.  tiVy«m,  D,M.    11  BothwelUtreet,  Glasgow, 
1886.  XNettlefoldf  Hdward.    51  Carpenter^oady  Edgbaston^  Birmingham. 

1868.  JNevill,  Rev.  H.  R    The  Close,  Norwich. 

1866.  •Nevill,  The  Right  Rev.  Samuel  Tarratt,  D.D.,  F.L.S.,  Bishop  of 

Dunedin,  New  Zealand. 
1889.  J  Neville,  F.  H.    Sidney  College,  Cambridge. 

1869.  ^Nevins,  John  Birkbeck,  M.D.    3  Abercromby-square,  Liverpool. 
1842.    New,  Herbert.    Evesham,  Worcestershire. 

1889.  *Newall,  H.  Frank.    Madingley  Rise,  Cambridge. 

1891.  •Newell,  W.  H.  A.    10  Plasturton-gardens,  Cardiff. 

1886.  tNewbolt,  F.  G.    Edenhurst,  Addlestone,  Surrey. 

1842.  •Newman,  Professor  Francis  William.  15  Arundel-crescent, 
Weston-super-Mare. 

1889.§§Newstead,  A.  H.  L.,  B.A.    Roseacre,  Epping. 

1860.  'Newton,  Alpred,  M.  A.,  F.R.S.,  F.L.S.,  Professor  of  Zoology  and 
Comparative  Anatomy  in  the  University  of  Cambridge.  Mag- 
dalene College,  Cambridge. 

1892.  JNbwton,  E.  T.,  F.R.S.,  F.G.S.    Geological  Museum,  Jermyn-street, 

London,  S.W. 
1872.  JNewton,  Rev.  J.    125  Eastern-road,  Brighton. 

1883.  JNias,  Miss  Isabel.    56  Montagu-square,  London,  W. 

1882.  tNias,  J.  B.,  B.A.    56  Montagu-square,  London,  W. 

1867.  tNicholl,  Thomas.    Dundee. 

1875.  jNichoUs,  J.  F.    City  Library,  Bristol. 

1806.  JNiCHOLsoN,  Sir   Charles,   Bart.,  M.D.,  D.C.L.,  LL.D.,  F.G.S., 

F.R.G.S.    The  Grange,  Totteridcre,  Herts. 
1867.  jNiCHOLBON,  Henry  Allbtne,  M.D.,  D.Sc.,  F.G.S.,  Professor  of 

Natural  History  in  the  University  of  Aberdeen. 

1887.  *Nicholson,  John  Carr.    Moorfield  House,  Headingley,  Leeds. 

1884.  JNicholsoNj  Joseph  S.,  M.A.,  D.Sc.,  Professor  of  Political  Economy  in 

the  Umversity  of  Edinburgh.    Eden  Lodge,  Newbattle-terrace, 
Edinburgh. 

1883.  {Nicholson,  Richard,  J.P.    TNOiinfield,  Hesketh  Park,  Southport. 
1887.  JNicholson,  Robert  H.  Bourchier.    21  Albion-street,  Hull. 
1881.  JNicholson,  William  R.    Clifton,  York. 

1893.§§Nickolls,  John  B.,  F.C.S.    The  Laboratory,  Guernsey. 
1887.  jNickson,  William.     Shelton,  Sibson-road,  Sale,  Manchester. 

1885.  SNicol,  W.  W.  J.,  M.A.,  D.Sc,  F.R.S.E.     15  Blacket-place,  Edin- 

burgh. 

1878.  JNiVEN,  Charles,  M.A.,  F.R.S.,  F.R.A.S.,  Professor  of  Natural 

Philosophy  in  the  University  of  Aberdeen.    6  Chanonry,  Aber- 
deen. 

1886.  XNiven,  George.    Erkingholme,  Coolhurst-road,  London,  y. 
1877.  {Niven,  Professor  James,  M.A.    King's  College,  Aberdeen. 

1874.  JNixon,  Randal  C.  J.,  M.A.    Royal  Academical  Institution,  Belfast. 

1884.  JNixon,  T.  Alcock.    33  Harcourt-street,  Dublin. 

1863.  •Noble,  Sir  Andrew,  K.C.B.,  F.R.S.,  F.R.A.S.,  F.C.S.  Elswick 
Works,  and  Jesmond  Dene  House,  Newcastle-upon-Tyne. 

1879.  JNoble,  T.  S.,  F.G.S.    Lendal,  York. 

1886.  ^Nock,  J.  B.    ^layfield,  Penns,  near  Birmingham. 


Digitized  by  VjOOQIC 


74  LIST  OF  MEMBERS. 

Year  of 
Bleotion. 

1887.  iNodal,  John  II.    The  Grange;  Heaton  Moor,  near  Stockport. 
1870.  JNolan,  Joseph,  M.RI.  A.     14  Huuie-fltreet,  Dublin. 

1882.  tNorfolk,  F.     16  Carlton-road,  Southampton. 

1863.  SNoBMAW,  Rev.  Canon  Alfred  Mbriob,  M.A.,  D.O.L.,  F.R.S.,  F.L.S. 
Bummoor  Rectory,  Fence  Houses,  Go,  Durham. 

1888.  JNorman,  George.    12  Brock-street,  Bath. 

1865.  tNoRRis,  Richard,  M.D.     2   Walsall-road,   Birchfield,   Binning^- 

ham. 
1872.  JNorris,  Thomas  George.    Gorphwysfa,  IJanrwst,  North  Wales. 

1883.  •Norris,  WiUiam  G.    Coalbrookdale,  Shropshire. 

1881.  jNorth,  William,  B.A.,  F.C.S.    84  Micklegate,  York. 

Norton,  The  Right  Hon.  Lord,  K.C.M.G.    36  Eaton-place,  London , 
S.W. ;  and  Hamshall,  Birmingham. 

1886.  {Norton,  Lady.     35  Eaton-place,  London,  S.W. ;  and  Hamshall, 

Birmingham. 

1894.  §NoTCUTT,  S.  A.,  LL.M.,  B. A.,  B.Sc.  (Locai.  Sbgbetart).  0  Museum- 
street,  Ipswich. 

1861.  tNoton,  Thomas.    Priory  House,  Oldham. 

NoweU,  John.    Famley  Wood,  near  Huddersfield. 

1887.  {Nursey,  Perry  Fairfax.    2  Trafalgar-buildings,  Northumberland- 

avenue,  London,  W.C. 

1883.  *Nutt,  Miss  Lilian.    Rosendale  Hall,  West  Dulwich,  London,  SJB. 

1882.  §Obach,  Eugene,  Ph.D.    2  Victoriarroad,  Old  Charlton,  Kent. 

O'Callaghan,  George.    Tallas,  Co.  Clare. 
1878.  JOConor  Don,  The.    Clonalis,  Castlerea,  Ireland. 

1883.  iOdgers,    William    Blake,    M.A.,    LL.D.      4    Elm-court,   Temple, 

London,  E.C. 

1858.  •Odlewo,  William,  M.B.,  F.R.S.,  F.C.S.,  Waynflete  Professor   of 

Chemistry  in  the  UniTersity  of  Oxford.    16  Norham-gardens, 
Oxford. 

1884.  tOdlum,  Edward,  M.A.    Pembroke,  Ontario,  Canada. 

1857.  JOTDonnavan,   William   John.      54   Kenilworth-square,    Rathgar, 

Dublin. 
1894.  §Ogden,  James.    Kilner  De3me,  Rochdale. 

1885.  tOgilvie,  Alexander,  LL.D.    Gordon's  College,  Aberdeen. 
1876.  tOgilvie,  Campbell  P.    Sizewell  House,  Leiston,  Suffolk. 

1885.  JOqilvie,  F.  Grakt,  M.A.,  B.Sc.,  F.R.S.E.    Ileriot  Watt  College, 

Edinburgh. 
1893. §§Ogil vie.  Miss  Maria  M.,  D.Sc.    Gordon's  College,  Aberdeen. 

1859.  tOiilvy»  Rev-  C.  W.  Norman.    Baldan  House,  Dundee. 
•Ogle,  William,  M.D.,  M.A.     The  Ehns,  Derbv. 

1884.  JO'Halloran,  J.  S.,  F.R.G.S.    Royal  Colonial  Institute,  Northwm- 

berland-avenue,  London,  W.C. 
1881.  jOldfield,  Joseph.     Lendal,  York. 
1887.  tOldham,  Charles.    Syrian  House,  Sale,  near  Manchester. 

1892.  §01dham,  H.  Yule.     Lecturer  in  Geography  in  the  University  of 

Cambridge. 
1853.  :(Oldham,  James,  M.Inst.C.E.    Cottingham,  near  Hull. 

1885.  JOldham,  John.    River  Plate  Telegraph  Company,  Monte  Video. 

1893.  lOldham,  R.  D.,  Geological  Survey  of  India.    Care  of  Messrs.  H.  S. 

King  &,  Co.,  Comhill,  London,  E.C. 
1892.  :t01iphant,  James.     50  Palmerston-place,  Edinburgh. 
1863.  tOLiVBR,DANiEL,LL.D.,F.R.S.,  F.L.S.,  Emeritus  Professor  of  Botany 

in  University  College,  London.    10  Kew  Gardens-road,  Kew. 
1887.  tOliver,  Professor  F.  W.,  D.Sc.   10  Kew  Gardens-road,  Kew,  Surrey. 


Digitized  by  VjOOQIC 


LIST  OF  MEMBERS.  76 


Tear  of 
BlecUon. 


883.  ^Oliver,  J.  A.  Westwood.    The  Liberal  Club,  Glasgow. 
883.  §01iyer,  Samuel  A.    Bellingbam  House,  Wi^n,  Lancashire. 
889.  SOliver,  Professor  T.,  M.D.    7  Ellison-place,  Newcastle-upon-Tyne. 

882.  JOlaen,  0.  T.,    F.R,A.S.,   F.RG.S.      116   St.   Andrew's  -  terrace, 

Grimsby. 

860.  •Ommannbt,  Admiral  Sir  Ebasicits,  C.B.,  LL.D.,  F.RS.,  F.RA.S., 

F.R.G.S.    29  Connaught-square,  Hyde  Park,  London,  W. 
880.  *Ommanney,  Rev.  E.  A.   St  Michael's  and  All  Angels,  Portsea,  Hants. 
887.  XCyNeilly  Charles,     GUn  AUan,  Manley-road,  Alexandra  Park,  Man* 

cheater, 
.872.  lOnslow,  D.  Robert.    New  University  Club,  St.  James's,  London, 

S.W. 
.883.  JOppert,  Gustav,  Professor  of  Sanskrit.    Madras. 
867.  tOrdbar,  James  G.    9  William-street,  Forebank,  Dundee. 

883.  t^My  ^^  Maria.    Fern  Lea,  Park-crescent,  Southport. 
883.  tOrd,  Miss  Sarah.    2  Pembrok&-vale,  Clifton,  Bristol. 

880.  tCReilly,  J.  P.,  Professor  of  Mining  and  Mineralogy  in  the  Royal 

College  of  Science,  Dublin. 

861.  lOrmerod,  Henry  Mere.    Clarence-street,  Manchester. 
858.  lOrmerod,  T.  T.    Brighouse,  near  Halifax. 

883.  lOrpen,  Miss.    58  Stephen's-green,  Dublin. 

884.  •Open,  Major  R.  T.,  KE.    Gibraltar. 

884.  •Orpen,  Rev.  T.  H.,  M.A.    Binnbrooke,  Cambridge. 

838.    Orr,  Alexander  Smith.     57  Upper  SadcviUe-street,  Dublin. 

873.  iOsbom,  George,    47  Kingecron^treet^  Halifax, 

887.  SO'Shea,  L.  T.,  B.Sc.    Firth  College,  Sheffield. 

*OsLEB,  A.  FoLLETT,  F.RS.    South  Bank,  Edgbaston,  Birmingham. 

865.  *08ler,    Henry   F.      Coppy    Hill,    Linthurst,    near    Bromsgrove, 
Birmingham. 

_  .0.  *  Osier  J  Sidney  F.     Chesham  Lodge,  Lower  Norwood,  Surrey,  S,E, 
884.  tOsler,  WilUam,  M.D.,  Professor  of  the  Institutes  of  Medicine  in 

McGill  University,  Montreal,  Canada. 
884.  tCSullivan,  James,   F.C.S.     71  Spring  Terrace-road,  Burton-on- 

Trent. 

882.  *08wald,  T.  R    Castle  Hall,  Milfoid  Haven. 

881.  *C)ttewell,  Alfred  D.    14  Sansome-street,  San  Francisco,  U.S.A. 

882.  JOwen,  Rev.  C.  M.,  M.A.    St.  George's,  Edgbaston,  Birmingham. 
889.  •Owen,  Aldennan  H.  C.    Compton,  Wolverhampton. 

888.  *Owen,  Thomas.    8  Alfred-street,  Bath. 

877.  JOxland,  Dr.  Robert,  F.C.S.    8  Portland-square,  Plymouth. 

889.  tPag^y  I^Jf-  F.    1  Saville-place,  Newcastle-upon-Tyne. 

883.  JPage,  George  W.    Fakenham,  Norfolk. 

883.  {Page,  Joseph  Edward.     12  Saunders-street,  Southport. 

872.  *Paget,  Joseph.    Stufiynwood  Hall,  Mansfield,  Nottingham. 
894.  §Paget,  Octavius.    158  Fenchurch-street,  London,  E.C. 

884.  JPame,  Cyrus  F.    Rochester,  New  York,  U.S.A. 

875.  JPaine,  William  Henry,  M.D.,  F.G.S.    Stroud,  Gloucestershire. 
870.  •Palgrave,   R  H.  Ikqlib,  F.RS.,   F.S.S.     Belton,  Great   Yar- 
mouth. 
883.  tPalgrave,  Mrs.  R  H.  In^lis.    Belton,  Great  Yarmouth. 
889.  iPalher,  Sir  Chables  Mabx,  Bart.,  M.P.    Grinkle  Park,  Yorkshire. 

873.  {Palmer,  George,  M.P.    The  Acacias,  Reading,  Berks. 

878.  •Palmer,  Joseph  Edward.    8  Upper  Mount-street,  Dublin. 

866.  §Palmer,  William.    Waverley  House,  Waverley-street,  Nottingham* 
872.  *  Palmer,  W.  JR.    1  The  Cloistere,  Temple,  RC. 


Digitized  by 


Google 


76  LIST  OF  MEMBERS. 

Year  of 
Eleetion. 

Palmes,  Rev.  William  Lindsay,  M.A.    Naburn  Hall,  York. 

1800.  XP^^^trst,  JR.  M,,  LL.D.    8  RvMeU-^uare,  London,  W.C. 

1888.  $Pant,  F.  J.  Van  der.    Clifton  Lodge,  Kingston-on-Thames. 

1886.  tPanton,   George    A.,  F.R.S.E.      73    Westfield-road,    Edgbaatou, 

Birmingham. 
1884.  JPanton,  Professor  J.  Hoyes,  M.A.,  F.G.S.     Ontario    Agricultmal 

College,  Guelph,  Ontario,  Canada. 
1883.  JPark,  Henry.    Wigan. 
1883.  tPark,  Mrs.    Wigan. 
1880.  •Parke,   George   Henry,    F.L.S.,   F.G.S.     St.  John's,  Wakefield, 

Yorkshire. 
1803.  fParker,  Henry.    Low  Elswick,  Newcastle-upon-Tyne. 
3874.  XParker,  Henry  R,  LL.D.    Methodift  ColUge,  Belfast. 

1886.  j:P<urker,  Lawley.    Chad  Lodge,  Edgbaston,  Birmingham. 

1891.  tParker,  William  Newton,  Ph.D.,  F.Z.S.,  Professor  of  Biology  in 
University  College,  Cardiff. 

1865.  *Parkes,  Samuel  Hiclding,  F.L.S.    Ashfield-road,  King*s  Heath,  Bir- 

min^am. 

1870.  JParkin,  William.    The  Mount,  Sheffield. 

1887.  §  Parkinson,  James.    Station-road,  Turton,  Bolton. 

1869.  ^Parkinson,  Robert,  Ph.D.    Yewbarrow  House,  Grange-OTer-Sands. 

1862.  *Pamell,  John,  M.A.    Hadham  House,  Upper  Clapton,  London,  N.E. 
1883.  tParson,  T.  Cooke,  M.R.C.S.    Atherston  House,  Clifton,  Bristol. 

1877.  jParson,  T.  Edgcumbe.    36  Torrington-place,  Plymouth. 

1865.  ^Parsons,  Charles  Thomas.    Norfolk-road,  Edgbaston,  Birmingham. 

1878.  JParsons,  Hon.  C.  A.    Elvaston  Hall,  Newcastle-upon-Tyne. 

1883.  JPart,  Isabella.    Rudleth,  Watford,  Herts. 

1875.  tPass,  Alfred  C.    Rushmere  House,  Durdham  Down,  Bristol. 
1881.§§Patchitt,  Edward  Cheshire.     128  Derby-road,  Nottingham. 

1887.  JPaterson,  A.  M.,  M.D.,  Professor  of  Anatomy  in  University  College, 
Liverpool. 

1884.  *Paton,  David.    Johnstone,  Scotland. 

1883.  ♦PatoD,  Henry,  M.A.     15  Myrtle-terrace,  Edinburgh. 

1884.  *Paton,  Hugh.    Oil  Sherbrooke-street,  Montreal,  Canada. 

1883.  XPaton,  Rev.  William.     Tlie  Fenu,  Parkside,  Nottingham. 

1871.  *Patter8on,  A.  Henry.    3  New-square,  Lincoln^s  Inn,  London,  W.C. 

1884.  XPo^^^<y^9  Edicard  Mortim>er.  Fredericton,  New  Brtmsvnck,  Canada, 
1876.§§Patter8on,T.  L.    Mavbank,  Greenock. 

1874.  JPatterson,  W.  H.,  M.R.I.A.    26  High-street,  Belfast. 

1863.  JPattinson.  John,  F.C.S.    75  The  Side,  Newcastle-upon-Tyne. 
1863.  JPattinson,  William.    Felling,  near  Newcastle-upon-Tyne. 

1867.  JPattison,  Samuel  Howies,  F.G.S.    11  Queen  Victoria-street,  London, 
E.C. 

1879.  •Patzer,  F.  R.    Stoke-on-Trent. 

1863.  JPaul,  Benjamin  H.,  Ph.D.    1  Victoria-street,  Westminster,  S.W. 

1802.  JPaul,  J.  Balfour.    30  Heriot-row,  Edinburgh. 

1863.  JPavt,  Frederick  William,  M.D.,  F.R.S.    35  Grosvenor-Btreet, 

London,  W. 
1887.  tFAx^AO)  James.    Hill  House,  Colchester. 

1887.  •Payne,  Miss  Edith  Annie.    Hatchlands,  Cuckfield,  Hayward's  Ileatlu 
1881.  JPayne,  J.  Buxton.     15  Mosley-street,  Newcastle-upon-Tyne. 

1877.  'Payne,  J.  0.  Charles,    Botanic-avenue,  The  Plains,  Belfast. 
1881.  tPay°e,  Mrs.    Botanic-avenue,  The  Plains,  Belfest. 

1866.  JPayne,  Joseph  F.,  M.D.     78  Wimpole-street,  London,  W. 

1888.  'Paynter,  J.  B.    Hendford  Manor  House,  Yeovil. 
1886.  JPayton,  Henry.    Wellington-road,  Birmingham. 

1876.  JPeace,  G.  H.    Monton  Grange,  Eccles,  near  Manchester. 


Digitized  by 


Google 


LIST  OF  MEMBERS.  77 

Year  of 
Eleotlon. 

1879.  tPeace,  Wmiam  K.    Moor  Lodge,  Sheffield. 

1885.  tPBACH,  B.  N.,  F.R.S.,  F.R.S.E.,  F.Q.S.    Geological  Survey  Office, 

Edinburgh. 

1883.  {Peacock,  Ebenezer.    8  Mandeville-place,  Manchester-equare,  Lon- 

don, W. 
1875.  tPeacock,  Thomas  Francis.    12  South-square,  Gray's  Inn,  London, 

W.C. 
1881.  •Pbabce,  Horace,  F.R.  A.S.,  F.L.S.,  F.G.S.  The  Limes,  Stourbridge. 

1886.  •Pearce,  Mrs.  Horace.    The  Limes,  Stourbridge. 

1888.  §  Pearce,  Rev.  R.  J.,D.C.L.,  Professor  of  Mathematics  in  the  Univer- 

sity of  Durham.    7  South  Bailey,  Durham. 

1884.  JPearce,  William.    "Winnipeg,  Canada. 

1880.  JPearsall,  Howard  D.     19  Willow-road,  Hampstead,  London,  N.W. 
1883.  JPearson,  Arthur  A.    Colonial  Office,  London,  S.W. 

1891.  jPearson,  B.    Dowlais  Hotel,  Cardiff*. 

1893.  •Pearson,  Charles  E.    Chilwell  House,  Nottinghamshire. 
1883.  t  Pearson,  Miss  Helen  E.    69  Alexandra-road,  Southport. 

1892.  J  Pearson,  J.  M.    John  Dickie-street,  Kilmarnock. 

1881.  JPearson,  John.    Glentworth  House,  The  Mount,  York. 
1883.  tPearaon,  Mrs.    Glentworth  House,  The  Mount,  York. 

1872.  •Pearson,  Joseph.    Grove  Farm,  Merlin,  Raleigh,  Ontario,  Canada. 

1881.  JPearson,  Richard.     67  Bootham,  York. 

1870.  XPcai'son,  Reo.  Samuel,  M.A,     Hiffhbury-quadrant,  London,  N. 

1883.  •Pearson,  Thomas  H.    Redclyffia,  Newton-le- Willows,  Lancashire. 
1863.  §  Pease,  H.  F.,  M.P.    Brinkbum,  Darlington. 

1889.  t  Pease,  Howard.    Enfield  Lodge,  Benwell,  Newcastle-upon-Tyne. 
1863.  JPease,  Sir  Joseph  W.,  Bart.,  M.P.      Hutton   Hall,  near   Guis- 

borough. 
1863.  tl*ease,  J.  W.    Newcastle-upon-Tyne. 

1883.  JPeck,  John  Henry.    62  Hoghton-street,  Southport. 

PecMtt,  Henry.    Carlton  Husthwaiie,  Thirsk,  Yorkshire. 
•Peckover,    Alexander,  F.S.A.,    F.L.S.,   F.R.G.S.      Bank  House, 
Wisbech,  Cambridgeshire. 
1888.  JPeckover,  Miss  Alexandrina.  Bank  House,  Wisbech,  Cambridgeshire. 

1885.  JPeddie,  William,  D.Sc.,  F.R.S.E.     2  Cameron  Park,  Edinburgh. 

1884.  JPeebles,  W.  E.    9  North  Frederick-street,  Dublin. 

1883.  tPBBK,CuTHBEBTE.,M.A.,F.S.A.  25  Bryanston-square,  Tx)ndon,  W. 

1.878.  •Peek,  William.    The  Manor  House,  Kemp  Town,  Briofh ton. 

1881.  tPeg?8»  -^'  Wallace.    21  Queen  Anne's-gate,  London,  S.W. 

1861.  'Peile,  Geoiye,  jun.    Shotiey  Bridge,  Co.  Durham. 

1878.  JPemberton,  Charles  Seaton.    44  Lincoln's  Inn-tields,  London,  W.C. 

1866.  jPemberton,  Oliver.     1 8  Temple-row,  Birmingham. 

1861.  'Pender,  Sir  John,  G.C.M.G.,  M.P.     18  Arlington-street,  London, 
S.W. 

1887.  §Pbndlbburt  William  H.,  M.A.,  F.C.S.     6  Gladstone-terrace, 

Priory  Hill,  Dover. 

1894.  §Pengelly,  Miss.    Lamoma,  Torquay. 
1894.  §Pengelly,  Miss  Hester.    Lamoma,  Torquay. 
1881.  tPenty,  W.  G.    Melbourne-street,  York. 

1875.  t Perceval,  Rev.  Canon  John,  M.A.,  LL.D.     Rugbv. 

1880.  JPercivnl,  Archibald  Stanley,  M.A.,  M.B.     16  Eilison-place,  New- 

castle-upon-Tyne. 
•Perigal,  Frederick.     Cambridge  Cottage,  Kingswood,  Reigate. 
1894.  SPerkin,   A.   G.,   F.R.S.E.,  F.C.S.,   F.I.C.      8    Montpelier-terrace, 

Wood  house  Cliff,  Leeds. 
1868.  •Pebkin,  William  IIexrt,  Ph.D.,  F.R.S.,  F.C.S.    The  Chestnuts, 

Sudbury,  Harrow,  Middlesex. 


Digitized  by  VjOOQIC 


78  LIST  OF  MEMBERS. 

Year  of 
Election. 

1884.  JPebkik,  William  Henry,  jun.,  Ph.D.,  F.R.S.,  F.C.S.,  Professor  of 

Organic  ChemiBtry  in  Owens  Colle^,  Manchester. 
3804.  •Perkins,  V.  R.    Wotton-under-Edge,  Gloucestershire. 

1885.  JPerrin,  Miss  Emily.    31  St  John's  Wood  Park,  London,  N.W. 

1886.  jPerrin,  Henry  S.    31  St.  John's  Wood  Park,  London,  N.W. 
1886.  tPerrin,  Mrs.    23  Holland  Villas-road,  Kensington,  London,  W. 

1879.  jPsny,  James,    Roscommon, 

1874.  •Pbbrt,  John,  M.E.,D.Sc.,  F.R.S.,  Professor  of  Engineering  and 
Applied  Mathematics  in  the  Technical  College,  Finsbury.  31 
Brunswick- square,  London,  W.O. 

1883.  tPerry,  Ottley  L.,  F.R.G.S.    Bolton-le-Moors,  Lancashire. 

1883.  JPerry,  Russell  R.    84  Duke-street,  Brighton. 

1883.  tFetrie,  Miss  Isabella.    Stone  Hill,  Rochdale. 

1871.  •Peyton,  John  E.H.,F.R.A.S.,F.G.S,   13  Fourth  Avenue,  Brighton. 

1882.  JPfoundes,  Charles.    Spring  Gardens,  London,  S.W. 

1886.  ^Phelps,  Colonel  A.    23  Augustus-road,  Edgbaston,  Birmingham. 

1884.  {Phelps,  Charles  Edgar.     Carisbrooke  House,  The  Park,  Notting- 

ham. 

1884.  {Phelps,  Mrs.    Carisbrooke  House,  The  Park,  Nottingham. 

1886.  {Phelps,  Hon.  E.  J.  American  Legation,  Members'  Mansions,  Victoria- 
street,  London,  S.W. 

1886.  XPhelps,  Mrs,    Hamshall,  Bii-mingham, 

1863.  •PHEJrt,  John  Samuel,  LL.D.,F.S.A.,  F.G.S.,  F.R.G.S.    5  Carlton- 

terrace,  Oakley-street,  London,  S.W. 
1892.  {Philip,  R.  W.,  M.D.    4  Melville-crescent,  Edinburgh. 

1870.  {Philip,  T.  D.    61  South  Castle-street,  Liverpool. 

1863.  •Philips,  Rev.  Edward.    Hollington,  Uttoxeter,  Staffordshire. 
1863.  •Philips,  Herbert.    The  Oak  House,  Macclesfield. 
1877.  §Philips,  T.  Wishart.   3  Tower-villas,  George-lane,  Woodford,  Essex. 
1863.  {Philipson,  Dr.    7  £ldon-e(]^uare,  Newcastle-upon-Tyne. 

1889.  {Philipson,  John.    9  Victonarsjiuare,  Newcastle-upon-Tyne. 

1883.  {Philhps,  Arthur  G.    20  Canning-street,  Liverpool 

1894.  SPhilUfw,  Staff-Commander  E.  0.  D.,  R.N.,  F.R.G.S.  14  Hargreaves- 
buildings,  Chapel-street^  Liverpool. 

1887.  {Phillips,  H.  Harcourt,  F  C.S.  183  Moss-lane  East,  Manchester. 
1892.  §Phillip8,  J.  H.    Poole,  Dorset. 

1880.  fPhillips,    John     H.,  Hon.  Sec.  Philosophical   and  Ardueological 

Society,  Scarborough. 

1890.  §Phillips,  R.  W.,  MA.,  Professor  of  Biology  in  University  College, 

Bangor. 

1883.  {Phillips,  S.  Rees.    Wonford  House,  Exeter. 

1881.  {Phillips,  William.    9  Bootham-terrace,  York. 

1808.  {Phipson,  T.  L.,  Ph.D.,  F.C.S.     4  The  Cedars,  Putney,  Surrey, 

S.W. 
1894.  §Vickard-Cambridge,  Rev.  0.    Bloxworth  Rectory,  Wareham. 

1884.  •Pickard,  Rev.  H.  Adair,  M.A.    6  Canterbury-road,  Oxford. 

1883.  *Pickard,  Joseph  William.    Lindow  Cottage,  Lfuicaster. 

1886.  •PiCKBRmG,SPENCEEU.,M.A.,F.R.S.,  F.C.S.  48  Bryanston-square, 
London,  W. 

1884.  •Pickett,  Thomas  E.,  M.D.    Maysville,  Mason  County,  Kentucky-, 

U.S.A. 

1888.  •Pidgeon,  W.  R.    42  Porchestei^square,  London,  W. 

1871.  {Pigot,  Thomas  F.,  M.R.I.A.  Royal  CoUepre  of  Science,  Dublin. 
1884.  {Pike,  L.  G.,  M.A.,  F.Z.S.  4  The  Grove,  Highgate,  London,  N. 
1866.  {Pike,  L.  Owen.    201  Maida-vale,  London,  W^ 

1873.  {Pike,  W.  H.    University  College,  Toronto,  Canada. 
1883.  XPiUivg,  It.  C,     The  Rolnn's  Nest,  Blackburn. 


Digitized  by  VjOOQIC 


LIST  OF  MEMBERS.  79 

T€«rof 
Election. 

Pirn,  George^  M.R.I.A.    BreDanstown,  Cabinteely,  Co.  Dublin. 

1877.  tPim,  Joseph  T.    Greenbank,  Monkstown,  Co.  Dublin. 

1868.  JPinder,  T.  B.    St.  Andrew's,  Norwich. 

1876.  JPiRiE,  Rev.  G.,  M.A.,  Professor  of  Mathematics  in  the  University  of 

Aberdeen.    83  College  Bounds,  Old  Aberdeen, 

1884.  tPirz,  Anthony.    Long  Idand,  New  York,  U.S.A. 

1887.  tPitldn,  James.    66  Red  Lion-street,  Clerkenwell,  London,  E.C. 
1875.  tPitman,  John.    Redcliif  Hill,  Bristol. 

1883.  ti%^,  George  NewtoUy  M^,,  M.D.    34  AMumrplace,  South  Ken- 

trngtouy  London,  8,  W, 
1864.  tPitt,R.    5  Widcomb-terrace,  Bath. 

1883.  JPitt,  Sydney.     12  Brunswick-gardens,  London,  W. 
1893.  •Pitt,  Walter,  M.In8t.0.E.    South  Stoke  House,  near  Bath. 

1868.  tPrrr-RivBBs,  Lieut.-General  A.  H.  L.,  D.C.L.,  F.R.S.,  F.G.S., 
F.S.A.    4  Grosvenor-gardens,  London,  S.W. 

1842.  Platfair,  The  Right  Hon.  Lord,  K.C.B.,  Ph.D.,  LL.D.,  F.R.S., 
F.RS.E.,  F.O.S.  68  Onslow-^pordens,  South  Kensmgton,  Lou- 
don, S.W. 

1867.  tPLATPAiR,  lieut-Colonel  Sir  R.  L.,  K.C.M.G.,  H.M.  Consul,  Algeria. 
(Messrs.  King  &  Co.,  Pall  Mall,  London,  S.W.) 

1884.  •Playfair,  W.  S.,  M.D.,  LL.D.,  Professor  of  Midwifery  in  Kings 

College,  London.    81  George-street,  Hanover^square,  London,  W. 
1883.  ^Plimpton,  R.  T.,  M.D.    23  Lansdowne-road,  Clapham-road,  London, 
S.W. 

1893.  §Plowright,  Henry  J.,  F.G.S.    Brampton  Foundries,  Chesterfield. 

1867.  JPlunkett,  Thomas.    Ballybrophy  House,  Borris-in-Ossory,  Ireland. 

1861.  •PocHiw,  Hbnrt  Davis,  F.C.o.    Bodnant  Hall,  near  Conway. 
1881.  §Pocklington,  Henry.    20  Park-row,  Leeds. 

1888.  jPocock,  Rev.  Francis.    4  Brunswick-place,  Bath. 

1846.  tPotB,  William,  Mus.Doc.,  F.R.S.,  M.In8t.C.E.    Athenaeum  Club, 
Pall  Mall,  London,  S.W. 
*Pollexfen,  Rev.  John  Hutton,  M.A.    Middleton   Tyaa  Vicarage, 
Richmond,  Yorkshire. 

1862.  •Polwhele,  Thomas  Roxburgh,    M.A.,    F.G.S.      Polwhele,    Truro, 

Cornwall. 

1891.  tPomeroy,  Captain  Ralph.    201  Newport-road,  Cardiff. 

1892.  JPopplewell,  W.  C,  B.Sc.     Claremont-road,  Irlams-o-th'-Height, 

Manchester. 

1868.  JPoRTAL,  Wtkdham  S.    Malshnnger,  Basingstoke. 

1883.  "Porter,  Rev.  C.  T.,  LL.D.  Brechin  Lodge,  Cambridge-road,  South- 
port. 

1886.  XPorter,  Paxton,    Birmingham  and  Midland  Institute,  Birmingham, 
1883.  JPostgate,  Professor  J.  P.,  M.A.    Trinity  College,  Cambridge. 

1863.  JPotter,  D.  M,    Cramlington,  near  Newcastle-upon-Tyne. 

1887.  JPotter,  Edmund  P.    HoUinhurst,  Bolton. 

1883.  JPotter,  M.  C,  M.A.,  F.L.S.,  Professor  of  Botanv  in  the  College  of 
Science,  Newcastle-upon-Tyne.  14  Portland-terrace,  New- 
castle-upon-Tyne. 

1883.  §Potts,  John.    Thorn  Tree  House.  Chester-road,  Macclesfield. 

1886.  •PouLTON,  Edward  B.,  M.A.,  F.R.S.,  F.L.S.,  F.Z.S.,  Professor  of 

Zoology  in  the  University  of  Oxford.  Wykehara  House,  Oxford. 
1873.  •Powell,  Sir  Francis  S.,  Bart.,  M.P.,  F.R.G.S.    Horton  Old  Hall, 
Yorkshire ;  and  1  Cambridge-square,  London,  W. 

1887.  •Powell,  Horatio  Gibbs.     Wood  Villa,  TettenhaU  Wood,  Wolrer- 

hampton. 
1883.  JPowell,  John.    W^aunarlwydd  House,  near  Swansea. 

1894.  •Powell,  Richard  Douglas,  M.D.    62  Wimpole-street,  London,  W. 


Digitized  by  VjOOQIC 


80  LIST  OF  MEMBERS. 

Tear  of 
Election. 

1875.  t  Powell,  William  A.ugudtu8  Frederick.    Norland  House,  CliftoD, 

Bristol. 
1887.  §Powuall,  George  11.    Manchester  and  Salford  B.ink,  Mosley-etreet, 

Manchester. 

1887.  JPowrie,  James.    Reswallie,  Forfar. 

1855.  •Poynter,  John  E.    Clyde  Neuk,  Uddingston,  Scotland. 

1883.  tPoYNTiNO,  J.  H.,D.Sc.,  F.R.S.,  Professor  of  Physics  in  the  Mason 

College,  Birmingham.     11  St.  AugustineVroad,  Birmingham. 

1884.  §  {Prance,  Courtenay  C.    Hatherley  Court,  Chelt«nham. 
1884.  •Prankerd,  A.  A.,  D.C.L.    Brazeno^  College,  Oxford. 

1891.  :( Pratt,  Bickerton.      Brynderwen,  Maindee,   Newport,  Monmouth- 

shire. 
1869.  •Pkeecb,  William    Hbnrt,   C.B.,   F.RS.,  M.InstC.E.      Gothic 
Lodge,  Wimbledon  Common,  Surrey. 

1888.  *Preece,  W.  Llewellyn.    Telegraph  Department,  Midland  Railway, 

Derby. 
1884.  *Premio-Keal,  His  Excellency  the  Co  ant  of.    Quebec,  Canada. 
1894.  §Prentice,  Manning,  F.C.S.     Woodfield,  Stowmarket. 

1892.  §Prentice,  Thomas.     WiUow  Park,  Greenock. 

1889.  §Preston,  Alfred  Eley.     14  The  Exchunge,  Bradford,  Yorkshire. 
1894.  §Preston,  Arthur  E.'  Piccadilly,  Abingdon,  Berkshire. 

1893.  •Preston,  Martin  Inett.    9  St.  JamesVteiTace,  Nottingham. 
189d.§§PRE8T0ir,  Professor  Thomas.    Trinity  College,  Dublin. 

•Prestwich,  Joseph,  M.A.,  D.C.L.,  !F.R.S.,  F.G.S.,  F.C.S.    Shore- 
ham,  near  Seveuoaks. 

1884.  *Prevost,  Major  L.  de  T.     2nd  Batulion  Argyll  and  Sutherland 

Highlanders. 
1850.  •Pricb,  Rev.  Bartholomew,  M.A.,  D.D.,  F.R.S.,  F.R A.S.,  Master 
of  Pembroke  College,  Oxford. 

1882.  JPrice,  John  E.,  F.S.A.    27  Bedford-place,    Russell-square,    Lon- 

don, W.C. 
Price,  J.  T.    Neath  Abbey,  Glamoivanshire. 

1888.  tPKiCE,  L.  L.  F.  R.,  M.A.,  F.S.S.    Oriel  College,  Oxford. 

1875.  •Price,  Rees.     163  Bath-street,  Glasgow. 

1891.  t Price,  William.    40  Park-place,  Cardiff. 

1892.  t  Prince,  Profeswr  Edioard  £.    St.  Mungo's  College,  Glasgow. 
1^75.  XPrince,  Thomas.    6  Marlboroughr-road,  Brat^ord,  Yorkshire. 

1883.  iPrt'wctf,  Thomas.    Horsham-roadj  Dorking. 

1864.  •Prior,  R.  C.  A.,  M.D.     48  York-terrace,  Regents  Park,  London, 
N.W. 

1889.  •Piitchard,  Eric  Law,  M.D.,  M.R.C.S.    St.  Giles,  Norwich. 

1876.  •Pritchard,  Urbait,  M.D.,  F.R.C.S.  26  Wimpole-street,  London,  W. 
1888.  JProbyn,  Leslie  C.    Onslow-square,  London,  S.W. 

1881.  §  Procter,  John  William.    Ashcroft,  Nunthorpe,  York. 
1863.  JProctor,  R.  S.    Grey-street,  Newcastle-upon-Tyne. 

Proctor,  WiDiam.    Elmhurst,  Higher  Erith-road,  Torquay. 

1885.  JProfeit,  Dr.    Bahnoral,  N.B. 

1863.  XProudf  Joseph.    South  Hetton,  Neweaatle-uponrTyne. 

1884.  •Proudfoot,  Alexander,  M.D.    2  Phillips-place,  Montreal,  Canada. 
!879.  •Prouse,  Oswald  Milton,  F.G.S.,  F.R.G.S.    Alvington,  Slade-road, 

llfracombe. 
1372.  •Pryor,  M.  Robert.    Weston.  Stevenage,  Herts. 
1871.  •Puckle,  Thomas  John.    42  Cado^an-place,  London,  S.W. 
1673.  tPuUan,  Lawrence.    Bridge  of  Allan,  N.B. 
1867.  •Pullar,  Robert,  F.R.S.E.    Taysidb,  Perth. 
1883.  •Pullar,  Rufus  D.,  F.C.S.    Ochil,  Perth. 
1891.  tPuUen,  W.  W.  F.    University  College,  Cardiff. 


Digitized  by  VjOOQIC 


LIST  OF  MI':MBERS.  81 

Election. 

1842.  *Pamphrejy  Charles.    SouthBeld,  King's  Norton,  near  Birmingham. 

1887.  $PuxPHRBT,  William.    Lyncombe,  Bath. 

1836.  §Pardie,  Thoma?,  B.Sc.,  Ph.D.,  Professor  of  Chemistry  in  the  Uni- 

yersity  of  St.  Andrews.    14  South-street,  St.  Andrews,  N.B. 
1862.  tPurdon,  Thomas  Henry,  M.D.    Belfast. 

1881.  JPurey-Cuet,  Very  Kev.  Arthur  Perciral,  M.A.,  Desn  of  York.    The 

Deanery,  York. 

1882.  tl^urrott,  Charles.    West  End,  near  Southampton. 
1874.  tPuBssR,  Frederick,  M.A.    Rathmines,  Dublin. 

1866.  ^PxnEtSER,    Professor    John,    M.A.,    M.R.I.A.      Queen's    Colleg;e 

Belfast. 
1878.  tPurser,  John  Mallet.    3  Wilton-terrace,  Dublin. 
1884.  •Purves,  W.  Lrfddlaw.    20  StaflTord-place,  Oxford-street,  London,  W. 
1860.  •Pusey,  S.  E.  B.  Bouverie.    Pusey  House,  Faringdon. 
l883.S§Pye-Smith,  Arnold.     16  Fairfield-road,  Croydon. 
1883.§§Pye-Smith,  Mrs.     16  Fairfield-road,  Croydon. 
1868.  JPyb-Smith,  P.  H.,  M.D.,  F.R.S.    48  Brook-street,  W. ;  and  Guy's 

Hospital,  London,  S.E. 
1870.  tPye-Smith,  R.  J.    360  Glossop-road,  Sheffield. 
1801.  •Pyne,  Joseph  John.    The  Willows,  Albert-road,  Southport. 


1803.  §Quick,  James.    University  Collegfe,  Bristol. 

1804.  {Quick,  Professor  Walter  J.  University  of  Missouri,  Columbia,  U.S.  A .. 


1870.  tRabbits,  W.  T.    6  Cadogan-gardens,  London,  S.W. 

1887.  ^Rabone,  John,    PendereU  House,  Hamstead^road,  Birmingham. 
1870.  JRadcliffe,  D.  R.    PhoBnix  Safe  Works,  Windsor,  Liverpool. 
1877.  ^Radford,  George  D.    Mannamead,  Plymouth. 

1870.  XRa^fordj  R.  Ueber,     Wood  Bank,  Titsmoor,  Sheffield, 
•Radford,  William,  M.D.     Sidmount,  Sidmouth. 

1866.  *Radstock,  The  Right  Hon.  Lord.    Mayfield,  Woolston. 

1888.  JRadwav,  C.  W.    9  Bath-street,  Bath. 

1887.  *Ra^ale,  John  Rowland.    The  Beeches,  Whitefield,  Manchester.. 

1864.  JRainey,  James  T.    3  Kent-gardens,  Ealing,  London,  W. 
Rake,  Joseph.    Charlotte-street,  Bristol. 

1804.  •Rambaut,    Arthur    A.,    M.A.,    D.Sc.,    F.R.A.S.,     M.R.I.A.,. 
Andrews'  Professor  of  Astronomy  in  the  University  of  Dublin, 
and  Astronomer  Royal  for  Ireland.     Dunsink  Observatorv, 
Co.  Dublin. 

1885.  tBamsay,  Major.    Straloch,  N.B. 

1803.  tl^AifSAT,  Albxander,  F.G.S.  2  Cowper-road,  Acton,  Middlesex,  W. 

18d4,  JRamsay,  George  G.,  LL.D.,  Professor  of  Humanity  in  the  University 
of  GIasa^>w.    6  The  College,  Glasgow. 

18^4.  t  Ramsay,  Mrs.  G.  G.    6  The  College,  Glasgow. 

1861.  JRamsay,  John.    Kildalton,  Argyllshire. 

1880.  {Ramsay,  Major  R.  G.  W.     Bonnyrigg,  Edinburgh. 

1867.  ^Bamsay,  W,  -F.,  M.D,    100  Sinclair-road,  West  Keyisingtm,  Park,, 

London^  W, 

1870.  •Ramsat,  William,  Ph.D.,  F.R.S.,  F.C.S.,  Professor  of  Chemistry  in 
University  College,  London,  W.C. 

1883.  ]:Ram8ay,  Mrs.    12  Arundel-gardens,  London,  W. 

1887.  tHamsbottom,  John.    Femhill,  Alderley  Edge,  Cheshire. 

1836.  •Ranee,  Henry.    6  Ormonde- terrace,  Regent's  Park,  London,  N.W, 

1800.  •Ranee,  II.  W.  Ilenniker,  LL.D.     10  Castle  town-road,  West  Ken- 
sington, London,  S.W. 
1804.  p 


Digitized  by  VjOOQIC 


82  LIST  OF  MEMBERS. 

Year  of 
Blection. 

1868.  *Ran8om,  Edwin,  F.R.G.S.    Askburnliaiii-road,  Bedford. 
189d.§§Raii8om,  W.  B.,  M.D.    The  Payement,  Nottingham. 
1863.§§Ravsox,  William  Hekby,  M.D., F.R.8.  Tlie  Pavement,Nottiugb«m. 
1861.  IIUhbomb,   Abxhttb,   M.A.,    M.D.,    F.ILS.     Denadale,  Bowdon, 
Manchester. 
Ransome,  Thomas.    Hest  Bank,  near  Lancaster. 
1872.  •Ranyard,  Arthur  Oowper,  F.R.A.S.    11  Stone-buildings,  lincoln's 

iun,  London,  W.C. 
1889.  §Rapkin,  J.  B.    Sidcup,  Kent. 

Rashleigb,  Jonathan.  3  Oomberland-terrace,  Regent's  Park,  Lond<Hi, 
N.W. 
1864.  JRate,  Rev.  John,  M.A.    Fairfield,  East  Twickenham. 
1870.  ^Rathbone,  Benson.    Exchange-buildings,  Liverpool. 
1802.  §  Rath  bone,  Miss  May.    Backwood,  Neston,  Cheshire. 
1870.  iRathbone,  Philip  H.    Greenbank  Cottage,  Wavertree,  LiverpooL 
1870.  §Rathbone,  R.  R.    Beechwood  House,  Liverpool. 
1874.  IRavbnstbin,  E.  G.,  F.RG.S.,  F.S.S.    01  Upper  Tulse-hill,  London, 
S.W. 
Rawdon,  William  Frederick,  M.D.    Bootham,  York. 
1889.  tR*^li°fi^»  Edward.   Richmond  House,  Wimbledon  Common,  Surr^. 
1870.  jRawlins,  G.  W.    The  Hollies,  Rainhill,  Liverpool. 
1866.  *RAWLDr80ir,  Rev.  Canon   George,  M.A.     The  Oaks,  Precincts, 

Canterbury, 
1856.  •Rawlikbon,  Sajor-General  Sir  Hsstrt  C,  Bart.,  G.C.R,  LL.D., 
F.R.S., F.RG.S.  21  Charles-street,  Berkeley-sauare,  London, W. 

1887.  tR&^80^»  Harry.    Earlswood,  EUesmere  Park,  Eccles,  Manchester. 
1876.  §Raw801T,   Sir'RAWBOW  W.,  K.C.M.G.,  C.B.,  F.RG.S.    68  Com- 

widl-gardens,  Queen  Vgate,  London,  S.  W. 
1886.  JRawson,  W.  Stepney,  M.A.,  F.C.S.    68  Cornwall-gapdena,  QneenV 

gate,  London,  S.W. 
1868.  •RAYLBieH,  The  Right  Hon.  Lord,  M.A.,  D.C.L.,  LL.D.,  SecRS., 

F.R.A.S.,  F.R.G.S.,  Professor  of  Natural  PhUosophy  in  the 

Royal  Institution,  London.    Terling  Place,  Witham,  Essex. 

1883.  *Rayne,  Charles  A.,  M.D.,  M.RC.S.     Queen-street,  Lancaster. 
*Read,  W.  H.  Rudston,  M.A .,  F.L.S.    12  Blake-street,  York. 

1870.  ^Rbadb,  Thomas  Mellard,  F.G.S.    Blundellsands,  Liverpool. 

1884.  §Readman,  J.  B.,  D.Sc.,  F.R.S.E.    4  lindsay-pbice,  Edinburgh. 
1862.  ^Redfbrk,  Professor  Peter,  M.D.    4  Lower-crescent,  Belfast. 

1802.  ^Redgrave,  Gilbert  R,  AssocM.Inst.C.E.    Grove  Lodge,  Muswell 

Hill,  London,  N. 

1803.  JRedmayne,  Giles.    20  New  Bond-street,  London,  W, 
1880.  tRedmayce,  J.  M.    Harewood,  Gateshead. 

1880.  JRodmayne,  Norman.    26  Grey-street,  Newcastle-upon-Tyne. 

1888.  tRednaU,  Miss  Edith  E.    Ashfield  House,  Neston,  near  Cheater. 

1890.  •Redwood,  Boverton,  F.R,S.E.,  F.C.S.    4  Bishop9gat<«treet  Within, 

London,  £.C. 
Redwood,  Isaac.    Cae  Wem,  near  Neath,  South  Wales. 
1801.  ^R^OO;  Lewis  Thomas.    Somerset  House,  Roath,  Cardiff. 
1861.  JRbbo,  Sir   Edward  J.,    K.C.B.,  M.P.,   F.RS.    76  Ilaningtoih 

gardens,  London,  S.W. 

1889.  tR^^y  ^^'  George.    Bellingham  Vicarage,  Bardon  MilL 
1801.  'Reed,  Thomas  A.    Bute  Docks,  Cardiff. 

1801.  §Rees,  I.  Trehame,  M  Inst.C.E.    The  Elms,  Penarth. 
1801.  JRees,  Samuel.    West  Wharf,  Cardiff. 

1891.  JRees,  William.    26  Park-place,  Cardiff. 

1388.  JRees,  W.  L.     11  North-crescent,  Bedford-square,  London,  W.C. 
1876.  JRees-Mogg,  W.  Wooldridge.    Cholwell  House,  near  Bristol. 


Digitized  by  VjOOQIC 


UST  OF  MEMBERS.  83 

Tmt  of 

Blectton. 

1881.  SRfiid,  Arthur  S.,  B.A.,  F.G.S.    Trinity  College,  Glenalmond,  KB. 
188a.  •Rbid,  Clement,  F.G.S.    28  Jermyn-atreet,  London,  S.W. 

1802.  §Reid,  E.  Waymouth,  B.A.,  Professor  of  Physiology  in  University 
College,  Dundee. 

1689.  i^Reid,  George,  Belgian  Consul.  Leazes  House,  Newcastle-upon- 
Tyne. 

1876.  JReid,  James.    10  Woodside-terrace,  Glasgow. 

1884.  JReid,  Rev.  James,  B.A.    Bay  City,  Michigan,  U.S.A. 

1892.§$Reid,  Thomas.    University  College,  Dundee. 

1887.  •Reid,  Walter  Francis.    Fieldside,  Addlestone,  Surrey. 
1850.  JReid,  William,  M.D.    Cruivie,  Cupar,  Fife. 

1893.  {Reinach,  Baron  Albert  von.    Frankfort. 

1876.  IRbiwold,  a.  W.,  M.A.,  F.R.S.,  Professor  of  Physical  Science  in  the 

Royal  Naval  College,  Greenwich,  S.E. 
1863.  tHsNALS,  E.    *  Nottingham  Express '  Office,  Nottingham. 

1894.  §Rendall,  G.  H.,  M.A.,  Principal  of  University  College,  Liverpool. 
1891.  ^Rendell,  Rev.  J.  R.     Whinside,  Whalley-road,  Accrington. 

1886.  t Rennett,  Dr.    12  Golden-square,  Aberdeen. 

1889.  •Rennie,  Georjre  B.    Hooley  Lodge,  Redhill. 

1867.  JRenny,  W.  W.    8  Douglas-terrace,  Broughty  Ferry,  Dundee. 

1888.  •Reynolds,  A.  H.    Manchester  and  Salford  Bank,  Southport. 

1871.  tRBTNOLns,  James  Emerson,  M.D.,  D.Sc.,  F.R.S.,  V.P.C.S,,  M.R.L A., 
Professor  of  Chemistry  in  the  University  of  Dublin.  The  Labora- 
tory, Trinity  College,  Dublin. 

1870.  •Rbtnolbs,  Osborne,  M.A.,  LL.D.,  F.R.S.,  M.Tnst.C.E.,  Professor 
of  Engineering  in  Owens  College,  Manchester.  23  Lady  Barn- 
road,  Fallowfield,  Manchester. 

1868.  §Retnolds,  Richard,  F.C.S.    13  Briggate,  Leeds. 

1 887.  X  Rhodes,  George  W.    The  Cottage,  Victoria  Park,  Manchester. 

1883.  {Rhodes,  Dr.  James.    26  Victoria-street,  Glossop. 

1890.  tRbodes,  J.  M.,  M.D.    Ivy  Lodge,  Didsbury. 

1868.  ^Rhodes,  John.    18  Albion-street,  Leeds. 

1877.  •Rhodes,  John.    360  Blackburn-road,  Accrington,  Lancashire. 

1888.  §  Rhodes,  John  George.      Warwick  House,  46  St.   George  Vroad, 

London,  S.W. 

1884.  t^^bodes,  Lieut.-Colonel  William.    Quebec,  Canada. 

1877.  •Riccardi,  Dr.  Paul,  Secretary  of  the  Society  of  Natumlists.    Via 

Stimmate,  16,  Modena,  Italy. 
3891.  tRichards,  D.    1  St.  Andrew's-crescent,  Cardiff. 

1891.  JRichards,  H.  M.     1  St.  Andrew's-crescent,  Cardiff. 

1889.  JRichards,  Professor   T.    W.,   Ph.D.     Cambridge,    Massachusetts, 

U.S.A. 

1888.  •RiOHABDSON,  Arthttk,  M.D.     University  College.  Bristol. 

1863,  JRiCHARDSoN,  Sir  Benjamin  Wakd,  M.A.,  M.D.,  LL.D.,  r^.S.    26 

Manchestei^uare,  London,  W. 
1861.  JRichardson,  Charles.    10  Berkeley-square,  Bristol. 

1869.  *  Richardson,  Charles.    15  Bumaby-gardens,  Chiswick,  Ix)ndon,  W, 

1882.  SRichardson,  Rev.  George,  M.A.    The  CoUege,  Winchester. 

1884.  *Richardson,  George  Straker.  Isthmian  Club,  160  Piccadilly, 
London,  W. 

1889.  §Richardson,  Hugh.     Sedbergh  School,    Sedbergh    RS.C,  York- 

shire. 
1884.  *Richardson,  J.  Clarke.    Derwen  Fawr,  Swansea. 

1870.  tlUchardson,  Ralph,  F.R.S.E.    10  Magdala-place,  Edinburgh. 
1889.  {Richardson,  Thomas,  J.P.     7  Windsor-terrace,    Newcast]e*upon« 

Tyne. 
1881.  tRichardson,  W.  B.    Elm  Bank,  York. 

Digitized  by  VjOOQIC 


84  LIST  OF  MEMBERS. 

Tmt  of 
Blectiou. 
1870.  flUchardscin,  William  Iladen.     City  Gla^s  Works,  Glasgow. 

1891.  i  Riches,  Carlton  11.     21  Dumfries-place,  Cardiff. 

1801.  SRiches,  T.  Harry.    8  Park-grove,  Cardifl*. 

1886.  §  Richmond,  Robert.     I^ighton  Buzzard. 

1808.  ^RicKETTS,  Charlss,  M.D.,  F.G.S.    19  Hamilton-square,  Birkenhead. 
1877.  XRickettSf  James,  M,D.    St.  Helens,  Lancasltire, 

•RiDDELL,  Major-General  Charles  J.  Buchanait,  O.R,  R.A.,  F.R&. 
Oakiands,  Chudleigh,  Devon. 

1883.  •RiDEAL,  Samuel,  D.Sc.,  F.CS.  28  Victoria-mansions,  London,  S.W. 

1802.  t72iV^tt7fly,  Henry  Ackroyd,  B.A.    Bank  Field,  Halifax. 
1894.  §RiDLET,  E.  P.     (Local  Secretary).    0  Paget-road,  Ipswich. 

1801.  JRidley,  John.     19  Belsize-park,  Hampstead,  London,  ls.W. 
J889.  tRidleyi  Thomas  D.    Coatham,  Red<5ar. 

1884.  J  Ridout,  Thomas.    Ottawa,  Canada. 

1881.  •Rigg,  Arthur.    7  Portadown-road,  Maida  Vale,  London,  W. 
1S83.  •Rigg,  Edward,  M. A.    Roval  Mint,  London,  E. 
1883.  t^Wf  ^'  ^%  ^•^-    '^2  Queen' s-road,  Southport, 

1 802.  §§  Rintoul,  D.,  M. A.     Clifton  College,  Bristol. 

1873.  t^ipley,  Sir  Edward,  Bart.    Acacia,  Apperley,  near  Leeds. 

•RiPON,  The  Most  Hon.  the  Marquess  of,  K.G.,  G.C.S.I.,  CLE., 
D.C.L.,  F.R.S.,  F.L.S.,  F.R.Q.S.  9  Chelsea  Embankment, 
London,  S.W. 

1892.  tRitchie,  R.  Peel,  M.D.,  F.R.S.E.     1  Melville-crescent,  Edinburgh. 
1867.  tl^tehie,  William.    Emslea,  Dundee. 

1889.  JRitson,  U.  A.     1  Jesmond-gardens,  Newcastle-upon-Tyne. 

1809.  •Rivington,  John.    Babbicombe,  near  Torquay. 
1888.  tRobb,  W.  J.    Firth  College,  Sheffield. 

1809.  •RoBBiKS,    John,  F.CS.     67    Warringtou-crescent,    Maida    Vale, 

liondon,  W. 
J878.  tRoberts,  Charles,  F.R.CS.    2  Bolton-row,  Ix)ndon,  W. 

1887.  •Roberts,  Evan.    Thorncliffe,  6  York-road,  Southport. 

1869.  JRoberts,  George  Christopher.    Hull. 

1870.  •Roberts,  Isaac,  D.Sc.,  F.R.S.,  F.R.A.S.,  F.G.S.    Starfield,  Crow- 

borough,  Sussex. 
1894.  •Roberts,  Miss  Janora.    6  York-road,  Birkdale,  Southport. 

1891.  XBoherts,  JRev.  John  Crossby,  F.li.G,S.     41  Derby-road,  East  Dark,, 

Northampton, 

1881.  JRoberts,  R.  D.,  M.A.,  D.Sc.,  F.G.S.  17  Charterhouse^uare, 
London,  E.C 

1879.  tRoberts,  Samuel.    The  Towers,  Sheffield. 

1879.  JRoberts,  Samuel,  jun.    The  Towers,  Sheffield. 

1833.  JRoBERTs,  Sir  William,  M.D.,  F.R.S.  8  Manchester-square, 
London,  W. 

J808.  •RoBERTs-AusTBW,  W.  Chandler,  C.B.,  F.R.S.,  F.CS.,  Chemist  to 
the  Royal  Mint,  and  Professor  of  Metallurgy  in  the  Royal  Col- 
lege of  Science,  London.    Royal  Mint,  London,  E. 

1883.  tl^^'1^601^9 -^^6^^^°^®^*    Montreal,  Canada. 

1869.  1  Robertson,  Dr.  Andrew.    Indego,  Aberdeen. 

1884.  ^Robertson,  E.  Stanley,  M.A.    43  Waterloo-road,  Dublin. 

1871.  IRobertson,  George,  M.InstCE.,  F.R.S.E.    Athenieum  Club,  Lon- 

don, S.W. 
1883.  tRo^'^on,  George  H.    Plas  Newydd,  Llangollen. 
1883.  t Robertson,  Mrs.  George  H.    Plas  Newydd,  Llangollen. 

1870.  XRobertson,  R.  A.    Newthom,  Ayton-road,  Pollokshtelds,  OUtSffow. 

1892.  tRo^rtaon,  W.  W.    3  Parliament-square,  Edinburgh, 

1888.  •Robins,  Edward    Cookworthy,  F.S.A.     8  Marlborough- road,  St, 

John*3  Wood,  London,  X!  \V. 


Digitized  by  VjOOQIC 


LIST  OF  MEMBERS,  86 

Tear  of 
Election. 

1880.  •Robinson,  C.  R.     27  Elvetham-road,  Binninghara. 

1880.  lEobinson,  Edxcard  E,    60  Dovey^reet,  Liverpool. 
IBOl.  :(Robinson,  Enoch.    Dukinfield,  Ashton-under-Lyne. 

1887.  J  Robinson,  Henry.    7  Westminster-chambers,  London.  S.W. 

1887.  X^obinson,  James.    Akroydon  Villas  Mali/ax^  Yorkshire. 

1801.  X Robinson,  Jokn,  M.Inst.C.E.      Atlas  WorkSj  Manchester. 

1-883.  JRobinson,  John.    Engineer's  Office,  Barry  Dock,  Cardifl'. 

1803.  JRobinson,  J.  H.     6  Montallo-terrace,  Barnard  Casile. 

1878.  JRobinson,  John  L.     198  Great  Brunswick-street,  Dublin. 

1870.  fRobinson,  M.  E.    0  Park-circus,  Glasgow. 

1887.  §Robinson,  Richard.    Belllield  Mill,  Rochdale. 

188L  jRobinson,  Richard  Atkinson.     196  Brompton-road,  London,  S.W. 
1876.  •Robinson,  Robert,  M.In8t.0.E.,  F.G.S.    Iteechwood,  Darlington. 
1684.  JRobinson,  Stillman.     Columbus,  Ohio,  U.S.A. 
1803.  tRobinson,  T.  W.  U.    Houghton-le-Snrinjr,  Durham. 
1 89 1.§§ Robinson,  William,  AssocM.Inst.C.L.,  Professor  of  Engineering  in 
University  College,  Nottingham. 

1888.  tRobottom,  Arthur.    3  St.  Alban*s-villas,  Ilighgate-road,  London, 

1670.  •Robson,  E.  R.   Palace  Chambers,  9  Bridge-street,  Westminster,  S.W. 

1S7G.  X  Robson,  Hazlet on  R.     \A  Royal-crescent  JFest,  Glasgow. 

1872.  •Robson,William.  Marchholm,  Gillsland-road,  Merchiston,  Edinbui^h. 

1886.  •Rodger,  Edward.     1  Clairmont-gardens,  Glasgow. 

r8a4.  ♦Rodger,  J.  W.    80  Anerley-park,  London,  S.E. 

1886.  •Rodriguez,  Epifanio.     12  John-street,  Adelphi,  London,  W.C. 

1860.  JRoe,  Sir  Thomas,  M.P.    Grove-villas,  Litchurch. 

1807.  JRogers,  James  S.     Rosemill,  by  Dundee. 

1890.  •Rogers,  L.J.,  M.A.,  Professor  of  Mathematics  in  Yorkshire  College, 

Leeds.     13  Beech  Grove-terrace,  Leeds. 

1883.  JRogers,  Major  R.     Alma  House,  Cheltenham. 

1882.  §R(^er8,  Rev.  Saltren,  M.A.    Gwennap,  Redruth,  Cornwall. 

1884.  "Rogers,  Walter  M.     Lamowa,  Falmouth. 

1889.  JRogerson,  John.    Croxdale  Hall,  Durham. 

1870.  JRoLLiT,  Sir  A.  K.,  M.P.,  B.A.,  LL.D.,  D.C.L.,  F.R.A.S.,  Hon. 

Fellow  K.C.L.    Thwaite  House,  Cottingham,  East  Yorkshire. 
1892.  "Romanes,  John.     3  Oswald-road,  Edinburgh, 

1891.  JRonnfeldt,  W.     43  Park-place,  Cardiff. 

1894.  "Rooper,  T.  Godolphin.    The  Elms,  High  Harrogate. 
1809.  JRoper,  C.  H.    Majrdalen-street,  Exeter. 

1872.  •Roper,  Freeman  Clarke  Samuel,  F.L.S.,  F.G.S,     Palgrave  House, 
Eastbourne. 

1881.  •Roper,  W.  0.     Eadenbreck,  Lancaster. 

1866.  •RoscoE,  Sir  Henry  Enfield,  B.A.,  Ph.D.,  LL.D.,  D.C.L.,  M.P., 

F.R.S.,  F.C.S.     10  Bramham-gardens,  London,  S.W. 

1883.  •Rose,  J.  Holland,  M.A.    25  Dalebury-road.  Upper  Tooting,  Lon- 

don, S.W. 

1892.  JRose,  Hugh.     Kilravock  Lodge,  Black  ford-avenue,  Edinburgh. 
1894.  §Rose,  T.  K.    9  Royal  Mint,  London,  E. 

1886.  IRoas,  Alexander.    River  field,  Inverness. 

1874.  JRoss,  Alexander  Milton,  M.A.,  M.D.,  F.G.S.    Toronto,  Canada. 

1867.  X^ss,  David,  LL.D.    32  Nelson-Afreet,  Dublin. 

1887.  J  Ross,  Edward.    Marple,  Cheshire. 

1880.  tRoss,  Captain  G.  E.  A.,  F.R.G.S.  8  Colllngham-gardens,  Cromwell- 
road,  London,  S.W. 

1869.  •Ross,  Rev.  James  Co ulman.     Wadworth  Hall,  Doncaster. 

1809.  •RoBSB,  The  Right  Hon.  the  Earl  of,  K.P.,  B.A.,  D.O.L.,  LL.D., 
F.R.S.,  F.R. A.S.,  M.R.I.  A.   Birr  Castle,  Parsonstown,  Ireland. 


Digitized  by  VjOOQIC 


86  LIST  OF  MEMBERS. 

Teftrof 

Election. 

1801.  JRoth,  H.  Lingp.    32  Prescott-street,  Halifax,  Yorkp. 
180d.§$Rothera,  G.  B.    Sherwood  Rise,  NottioghAm. 

1865.  *Rothera,  George  Bell,  F.L.S.      Oraton  Houfie,    Sherwood    Rise, 

NottiDgham. 

1876.  tRottenburgh,  Paul.    1.3  Albion-creficent,  Glasgow. 

1884.  *Rou8e,  M.  L.    343  Church-Rtreet,  Toronto,  Canada. 

186].  tRouTH,  Edward  J.,  M.A.,  D.Sc.,  F.R.S.,  F.R.A.S.,  F.G.S.      St. 

Peter's  College,  Cambridge. 
1861.  JRowan,  David.    Elliot-street/ Glasgow. 
1883.  JRowan,  Frederick  John.    134  St.  Vincent-street,  Glasgow. 

1887.  JRowe,  Rev.  Alfi-ed  W.,  M.A.,  F.G.S.     Felstead,  Essex. 
1881.  jRowe,  Rev.  G.    Lord  Mayor's  Walk,  York. 

1866.  JRowe,  Rev.  John.     13  Hampton-road,  Forest  Gate,  Essex. 

1877.  jRowE,  J.   Brooking,  F.L.S.,  F.S.A.      16    Lockyer-street,    Ply- 

mouth. 
1890.  i^Rowley,  Walter,  F.S.A.    Alderhill,  Meanwood,  Leeds. 
1881.  •Rowntree,  Joseph.    37  St.  Mary's,  York. 

1881.  •Rowntree,  J.  S.    The  Mount,  York. 

1876.  J  Roxburgh,  John.    7  Royal  Bank-terrace,  Glasgow. 

1883.  JRoY,  Charles  S.,  M.D.,  F.R.S.,  Professor  of  Pathology  in  the  Uni- 

versity of  Cambridge.    Trinity  College,  Cambridge. 

1885.  |Roy,  .John.    33  Bel videre-street,  Aberdeen. 

1888.  jRov,  Parbati  Chum,  B. A.     Calcutta,  Bengal,  India. 

1875.  •RtJCKER,  A.  W.,  M.A.,  F.R.S.,  Professor  of  Physics  in  the  Royal 
College  of  Science,  London.    (General  Treasurer.)   19  Gled- 
how-gardens.  South  Kensington,  London,  S.W. 
1892.  §Riicker,  Mrs.     Levetleiph,  Bane-road,  St.  Leonard's-on-Sea, 
1869.  §Rudler,  F.  W.,  F.G.S.    The  Museum,    Jermyn-stieet,  London, 
S.W. 

1882.  JRumbaU,  Thomas,  M.Inst.CE.  8  Queen  Anne Vgate,  London,  S.W. 

1884.  XRuntz,    John,      Linton  Lodge^    Lordship-road^  Stoke   I^ewington, 

London  J  N, 
1887.  $Ruscoe,  John,  F.G.S.    Femdale,  Gee  Cross,  near  Manchester. 
1847.  jRusKiN,  John,  M.A.,  D.C.L.,  F.G.S.  Brantwood,  Coniston,  Amble* 

side. 

1889.  JRuBsell,  The  Right  Hon.  Farl.    Amberley  Cottage,  Maidenhead. 
1875.  •Russell,  The  Hon.  F.  A.  R.     Pembroke  Lodge,  Richmond  Park, 

Surrey. 
1884.  JRussell,  George.     13  Church-road,  Upper  Norwood,  London,  S.E. 

1890.  JRussell,  J.  A.,  M.B.     Woodville,  Canaan-lane,  Edinburgh. 

1883.  ♦Russell,  J.  W.     16  Bardwell-road,  Oxford. 

Russell,  John.    39  Mountjoy-square,  Dublin. 
1852.  •Russell,  Norman  Scott.    Arts  Club,  Hanover-square,  London,  W. 
1976.  JRussell,  R.,  F.G.S.    1  Sea  View,  St.  Bees,  Camforth. 

1886.  JRussell,  Thomas  H.    3  Newhall-street,  Birmingham. 

1852.  •Russell,  William  J.,  Ph.D.,  F.R.S.,  F.C.S.,  Lecturer  on  Chemistry 
in  St.  Bartholomew's  Medical  CoUege.  34  Upper  Hamilto!)- 
terrace,  St.  John's  Wood,  London,  N.W, 

1886.  JRust,  Arthur.    Eversleigh,  Leicester. 
1883.  •Ruston,  Joseph.    Monk's  Manor,  Lincoln. 

1891.  SRutherlord,  George.    Garth  House,  Taff's  Well,  Cardiff. 

1871.  §RuTHERF0RD,  WiLLiAiT,  M.D.,  F.R.S.,  F.R.S.E.,  Professor  of  the 
Institutes  of  Medicine  in  the  University  of  Edinburgh. 

1887.  JRutherford,  William.    7  Vine-grove,  Chapman-street,  Hulme,  Man- 

chester. 
Rutson,  William.    Newby  Wiske,  Northallerton,  Yorkshire. 
1879.  JRuxton,  Vice-Admiral  Fitzherbert,  R.N.,  F.RG.S.    41  Cromwell- 
gardens,  London,  S.W.  C  ^ r\r^n\r> 
'^              '                  '                                                  Digitized  by  VjOOQIc 


LIST  OF  MEMBER&  87 

TMTOf 

Blectloa. 

1875.  t^yalls^  Charles  Wager^  LL.D.     3  Brick-court.  Temple,  London^  E.C. 
1889.  |Ryder,  W.  J.  H.    62  Jesmond-road,  Newcastle-upon-Tyue. 

1865.  tRylftnd^  Thomas.    The  Redlands,  Erdington,  Birmingham. 

1861.  *Rtland8,  Thomas  Glazbbrook,  F.L.S.^  F.G.S.  mghiields,  Thel- 
-wall,  near  Warrington, 

1883.  tSadler,  Robert.    7  Lul worth-road,  Birkdale,  Southport. 

1871.  {Sadler,  Samuel  Champemowne.    186  Aldersgate-street,  London,E.C. 
1885.$$Saint,  W.  Johnston.     11  QueenVroad,  Aberdeen. 

1866.  *St.  Albai!^s,  His  Grace  the  Duke  of.    Bestwood  Lodge,  Arnold,  near 

Nottingham. 

1886.  SSt.  Clair,  George.  F.G.S.    225  Castle-road,  Cardiff. 

ll<03.    Salisbxtky,  The  Most  lion,  the  Marquis  of,  K.G.,  F.R.S.  (Pbesedbxt). 

20  Arlington  Street,  London,  S.W. 
1881.  }Salkeld,  William.    4  Paradise-terrace,  Darlington. 
1857.  JSalmow,  Rev.  Gisorgb,  D.D.,  D.C.L.,  LL.D.,  F.R.S.,  Provost  of 

Trinity  College,  Dublin. 

1883.  tSalmond,  Robert  G.    Kings  wood-road,  Upper  Norwood,  S.E. 
1873.  •Salomons,  Sir  David,  Bart.    Broomhill,  Tunbridffe  Wells. 

1872.  JSalvin,  Osbbrt,  M.A.,  F.R.S.,  F.L.S.    Hawksiold,  Uaslemere. 

1887.  {Samson,  C.  L.    Carmona,  Kersal,  Manchester. 
1861.  •Samson,  Henry.    6  St  Peter^s-sqnare,  Manchester. 

1884.  SSamttelson,  Sir  BEBifTHABD,  Bart.,  M.P.,  F.RS.     56  Prince Wate, 

London,  S.W. 
1878.  {Sanders,  Alfred,  F.L.S.    2  Clarence-place,  Giavesend,  Kent. 

1883.  *Sanders,  Charles  J.  B.    Pennsylvania,  Exeter. 

1884.  :(Sander8,  Henry.    185  James-street,  Montreal,  Canada. 

1883.  :(Sander8on,  Deputy  SuTgeon-General  Alfred.  East  India  United 
Service  Club,  St.  James's-square,  London,  S.W. 

1872.  §Sakder80N,  J.  S.  Burdon,  M. A.,  M.D.,  D.Sc.,  LL.D.,  D.C.L.,  F.RS., 
F.R.S.E.,  Professor  of  Physiology  in  the  University  of  Oxford. 
64  Banbury-road,  Oxford. 

1883.  tSanderson,  Mrs.  Burdon.    64  Banbury-road,  Oxford. 

1893.$§Sanderson,  Oundle.    9  The  Ropewalk*  Nottingham. 

Sandes,  Thomas,  A.B.    Sallow  Glin,  Tarbert,  Co.  Kerrv. 

1892.  §Sang,  William  D.    28  Whyte's  Causewav,  Kirkcaldy,  'Fife. 

1886.  ISankey,  Percy  K.    Hill  House,  Lyndhurst,  Hants. 

1886.  jSaubom,  John  Wentworth.     Albion,  New  York,  U.S.A. 

1886.  ISaundby,  Robert,  M.D.    83a  Edmund-street,  Birmingbanu 

1868.  tSaunders,A.,M.Inst.C.E.    Kinc^sLpn. 

1886.  ^Saunders,  C.  T.    Temple-row,  Birmmgham. 

1881.  JSaxtwdbrs,  Howabd,  F.L.S.,  F.Z.S.    7  Radnor-place,  London,  W- 

1883.  tSaunders,  Rev.  J.  C.    Cambridge. 

1846.  tSAT7NDSB8,  Trxlawnbt  W.,  F.K.G.S.  3  Elmfield  on  the  Enowles, 
Newton  Abbot,  Devon. 

1884.  {Saunders,  William.    Experimental  Farm,  Ottawa,  Canada. 
1891.  tSaunders,  W.  H.  R.    Llanishen,  Cardiif. 

1884.  tSaunderson,  C.  E.    26  St.  Famille-street,  Montreal,  Canada. 

1887.  §Savaffe,  Rev.  E.  B.,  M.A.,  F.S.A.   St.  Thomas'  Parsonage,  Douglas, 

Isle  of  Man. 

1871.  tSavage,  W.  D.    Ellerslie  House,  Brighton. 
1883.  JSavage,  W.  W.    109  St.  James's-street,  Brighton. 

1883.  JSavery,  G.  M.,  M.A.    The  College,  Harrogate. 

1872.  *Sawyer,  George  David.    55  Buckingham-place,  Brighton. 
1887.  §Satce,  Rev.  A.  H.,  M.A.,  D.D.    Queen's  College,  Oxford. 

1884.  JSayre,  Robert  H.    Bethlehem,  Pennsylvania,  U.S.A. 


Digitized  by  VjOOQIC 


90  LIST  OF  MEMBERS, 

Tear  of 
Election. 

1S92.  ^Shields,  Jolm,  D.Sc.,  Ph.D.    Dolphingston,  Tranent,  Scotland. 
1883.  *Shillitoe,  Buxton,  F.R.C.S.    2  Fredeiick-place,  Old  Jewry,  Lon- 
don, E.C. 
18C7.  tShinn,  William  G.  39  Varden Vroad,  Clapham  Junction,  Surrej,  S.W. 

1887.  *SaiPLET,  Abthvs  E.,  M.A.    Christ's  Ooll^j<e,  Cambridge. 
1889.  tShipley,  J.  A.  D.    Saltwell  Park,  Qateahead. 

1885.  tShirras,  G.  F.    16  Garden-place,  Aberdeen. 
1883.  :tShone,  Isaac.    Pentrefelin  House,  Wrexham. 

1870.  •Shoolbrbd,  James  N.,  M.Inst.C.E.,  F.G.S.     47   \^ictoria-strect, 

London,  S.W. 

1888.  tShoppee,  G.  H.    22  John-street,  Bedford-row,  London,  W.O. 
1888.§5Shoppee,  Q.  A.,  M.A.,  LL.D.    01  Doughty-street,  London,  W.C. 

1875.  IShoke,  Thouas  W.,  F.G.S.    Hartley  Institution,  Southampton. 

1882.  :(Shore,  T.  W.,  M.D.,  B.Sc.,  Lecturer  on  Comparative  Anatomy  at 

St.  Bartholomew's  Hospital. 

1889.  tSibley,  Walter  K.,  B. A.,  M.B.    7  Upper  Brook-street,  London,  W. 

1883.  ISibly,  Miss  Martha  A^es.    Flook  House,  Taunton. 
1883.  *Sidebotham,  Edward  John.    Erlesdene,  Bowdon,  Cheshire. 
1883.  *Sidebotham,  James  Nasmyth.    Parkfield,  Altrincham,  Cheshire. 

1877.  *Sidebotham,  Joseph  Watson,  M.P.    Erlesdene,  Bowdon,  Cheshire. 

1886.  •SiDGWiCK,  HB3fBT,M.A.,  IJtt.D.,  D.C.L.,  Professor  of  Moral  Philo- 

sophy in  the  University  of  Cambridge.     Hillside,  Chesterton- 
road,  Cambridge. 
Sidney,  M.  J.  F.    Oowpen,  Newcastle-upon-Tyne. 

1873.  ^Siemens,  Alexander.    7  Airlie-gardens,  Gampden  Hill,  London,  W. 

1878.  JSiGBBsoir,  Professor  George,  M.D.,  F.L.S.,  M.R.LA.      3  Clare- 

street,  Dublin. 
1859.  tSim,  John.    Hardgate,  Aberdeen. 

1871.  iSime,  James.    Oraigmount  House,  Grange,  Edinburgh. 

1862.  }Simms,  James.    138  Fleet-street,  London,  E.C. 

1874.  jSimms,  William.    Upper  Queen-street,  Belfast. 

1876.  ^Simon,  Frederick.    24  Sutherland-gardens,  London,  W. 

1887.  ^Simon,  Henry.    Lawnhurst,  Didsbury,  near  Manchester. 

1847.  tSiMON,  Sir  John,  K.O.B.,  D.C.L.,  F.R.S.,  F.R.C.S.,  Consultin|r 
Surgeon  to  St.  Thomas's  Hospital.  40  Eensiiigton-squarey 
London,  W. 

1806.  }:Simons,  George.    The  Park,  Nottingham. 

1893.§§Simp8on,  A.  H.,  F.R.Met.Soc.    Attenborough,  Nottinghamshire. 

1871.  'SiMFSON,  Alexander  R.,  M.D.,  Professor  ot  Midwifery  in  the  Uni- 
versity of  Edinburgh.    52  Queen-street,  Edinburgh. 

1883.  {Simpson,  Byron  R.    7  York-road,  Birkdale,  Southport. 

1887.  (Simpson,  F.    Estacion  Central,  Buenos  Ayres. 

1859.  (Simpson,  John.    Maykirk,  Kincardineshire. 

1863.  JSimpson,  J.  B.,  F.G.S.    Hedgefield  House,  Bla^don-on-Tyne. 
3857.  tSiMP805,  Maxwell,  M.D.,  LL.D.,  F.R.S.,  F.O.S.,  9  Barton-street, 

West  Kensington,  London,  W. 
1894.  §Simp8on,  Thomas.    Fennvmbre,  Ealing,  London,  W. 
1883.  (Simpson,  Walter  M.    7  York-road,  Birkdale,  Southport. 

Simpson,  William.    Bradmore  House,  Hammersmith,  London,  W. 
1887.  tSmdair,  Dr.    268  Oxford-street,  Manchester. 
1874.  (Sinclair,  Thomas.    Dunedin,  Belfast. 
1870.  •Sinclair,  W.  P.    Rivelyn,  Prince's  Park,  Liverpool. 

1864.  'Sircar,  The  Hon.  Mohendra  Lai,  M.D.,  CLE.    51  Sankaritola,  Cal- 

cutta. 
1892.$§Si8ley,  Richard,  M.D.   11  York-street,  Portman-square,  London,  W. 

1879.  (Skertchly,  Sydney  B.  J.,  F.G.S.    3  Lougbborough-terrace,  Oarahal- 

ton,  Surrey. 


Digitized  by  VjOOQIC 


LIST  OF  MEMBEES.  91 

Tetrof 
Election. 

1883.  tSkillicorne,  W.  N.    9  QueenVparade,  Cheltenham. 
1885.  jSkinner,  Provost.    InTerarie,  IS.B, 

1892.  tSkinner,  William.    35  Georyre-equare,  Edinbui^h. 

1888.  §Skbinb,  H.  D.,  J.P.,  D.L.    Claverton  Manor,  Bath. 

1870.  SSladen,  Walter  Pebct,  F.G.S.,  F.L.S.  13  Hyde  Park-gate,  Lon- 
don,  S.W. 

1873.  tSlater,  Clayton.    Bamoldswick,  near  Leeds. 

1889.  SSlater,  Matthew  K,  F.L.S.    Malton,  Yorkahire. 

1884.  tSktttery,  James  W.    9  StephenVgreeii,  Dublin. 

1877.  tSleeman,  Rev.  PhiHp,  L.Th.,  F.R,A.8.,  F.G.S.    Clifton,  Bristol. 

1891.  $Slocombe,  James.    Kedland  Honse,  Fitzalan,  Cardiff. 

1884.  f  Slooten,  William  Venn.    Nova  Scotia,  Canada. 
1849.  JSloper,  George  Elgar.    Devizes. 

1887.  §Small,  Evan  W.,  M.A.,  F.G.S.  County  Council  Offices,  Newport, 
Monmouthfiliire. 

1887.  §SmaU,  William.  Cuvendish-cresoent  North,  The  Park,  Notting- 
ham. 

1881.  t^^^fnalishan,  John.    81  Manchester^oad,  Souihpart. 

1885.  §Smart,  Jamee.    Valley  Works,  Brechin,  N.B. 

1889.  *Smart,  William,  LL.D.    Nunholme,  Dowanhill,  Glasgow. 
1858.  t^^neeton,  G.  H,     CommerciaMreet,  Ia^s, 

1876.  iSmellie,  Thomas  D.    213  St.  Vincent-street,  Glasgow. 

1877.  tSmelt,  Bev.  Maurice  Allen,  M.A.,  F.R.A.S.      Heath  Lodge,  Chel- 

tenham. 

1890.  §Smethur8t,  Charles.    Palace  House,  Harpurhey,  Manchester. 
1876.  iSmieton,  James.    Panmure  Villa,  Broughty  Feny,  Dundee. 

1876.  iSmieton,  John  G.    3  Pol  worth-road,  Coventry  Park,  Streatham, 

London,  S.W. 
1867.  tSniieton,  Thomas  A.    Panmure  Villa,  Broughty  Ferry,  Dundee. 

1892.  JSmith,  Abax  Gillies,  F.K.S.E.    35  Drumaheugh-gardens,  Edin- 

burgh. 
1892.  JSmith,  Alexander,  B.Sc.,  Ph,D.,  F.RS.E.    Wabash  College,  Craw- 

fordsville,  Indiana,  U.S.A. 
1872.  •Smith,  Basil  Woodd,  F.RA.S.     Branch  Hill  Lodge,  Hampstead 

Heath,  London,  N.W. 

1874.  'Smith,  Benjamin  Leigh,  F.RG.S.    Oxford  and  Cambridge  Club, 

Pall  Mall,  London,  S.W. 
1887.  jSmith,  Brj'ce.    Rye  Bank,  Chorlton-cum-Hardy,  Manchester. 

1878.  JSmith,  C.    Sidney  College,  Cambridge. 

1887.  •Smith,  Charles.    739  Rochdale-road,  Manchester. 
1889.  •Smith,  Professor  C.  Michie,  B.Sc.,  F.R.S.E.,  F.RA.S.     The  Ob- 
servatory, Madras. 

1865.  JSmith,  David,  F.RA.S.    40  BennettVhill,  Birmingham. 

1886.  JSmith,  Edwin.    33  WheeleyWoad,  Edgbaston,  Birmingham. 
1886.  •Smith,  Mrs.  Emma.    Henootes  House,  Hexham. 

1886.  JSmith,  E.  Fisher,  J.P.    The  Priory,  Dudley. 

1886.  {Smith,  E.  0.    Council  House,  Burmingham. 

1892.  {Smith,  E.  Wythe.    66  CoUege-etreet,  Chelsea,  London,  S.W. 

1866.  •Smith,  F.  C.    Bank,  Nottingham. 

1887.  §Smith,  Rev.  F.  J.,  M.A.,  RRS.    Trinity  College,  Oxford. 
1892.  JSmith,  Rev.  Frederick.    16  Grafton-street,  Glasgow. 
1885.  {Smith,  Rev.  G.  A.,  M.A.    21  Sardinia-terrace,  Glasgow. 

1860.  •Smith,  Heywood,  M.A.,  M.D.     18  HarleyHstroet,  Cavendish-square, 

London,  W. 
1870.  {Smith,  H.  L.    Crabwal!  Hall,  Cheshire. 
1889.  •Smith,  H.  Llewellyn,  B.A.,  B.Sc,  F.S.S.    49  Beaumont^uare, 

London,  E. 


Digitized  by  VjOOQIC 


«2  LIST  OF  MEMBERS. 

Tear  of 
Election. 

1888.  tSmith,  II.  W.    Owens  College,  Manchester. 
1885.  f  Smith,  Rev.  James,  B.D.    Manse  of  Newhilla,  N.B. 
1876.  'Smith,  J.  Guthrie.     64  West  Nile-street,  Glasgow. 

Smith,  John  Peter  George.     Sweyney  CUff,  Coalport,  Iron  Biidge, 

Shropshire. 
1383.  {Smith,  M.  Holroyd.    Roval  Insurance  Buildings,  CrosfilAV-street, 

Halifax. 
1837.     Smith,  Richard  Biran.    Villa  Nova,  Shrewsbury. 
1885.  ]:Smith,  Robert  H.,  M.Inst.C.E.,  Professor  of  Engineering  in  the 

Mason  Science  College,  Birmingham. 
1870.  {Smith,  Samuel.    Bank  of  Liverpool,  Liverpool. 

1866.  {Smith,  Samuel.    33  ComptonH»treet,  Goswell-road,  London,  E.C. 

1873.  {Smith,  Swire.    Lowfield,  Keighley,  Yorkshire. 

1867.  {Smith,  Thomas.    Dundee. 

1867.  {Smith,  Thomas.    Poole  Park  Works,  Dundee. 
1850.  {Smith,  Thomas  James,  F.G.S.,  F.C.S.    Hornsea  Burton,  East  York- 
shire. 
1894.  §Smith,  T.  Walrond.    45  Selborne-road,  Brighton. 

1884.  {Smith,  Vernon.    127  Metcalfe-street,  Ottawa,  Canada. 
1892.  {Smith,  Walter  A.     120  Princes-street,  Edinburgh. 

1885.  'Smith,  ^Vatson.    University  College,  London,  W.C. 

1887.  {Smith,  Dr.  Wilberforce.    14  Stratford- place,  London,  W. 
1852.  {Smith,  William.    Eglinton  Engine  Works,  Glasgow. 

1875.  *3mith,  William.    Sundon  House,  Clifton,  Bristot 

1876.  {Smith,  William.    12  Woodside-phice,  Glasgow. 

1883.  {Smithells,  Arthub,  B.Sc.,  Professor  of  Chemistry  in  the  York- 
shire CoUege,  Leeds. 

1883,  {Smithson,  Edward  Walter.     13  Lendal,  York. 

1883.  {Smithson,  Mrs.    13  Lendal,  York. 

1892.  §Smithson,  G.  E.  T.  Tvneside  Geographical  Society,  Barras  Bridgp, 
Newcastle-  upon-Ty  ne. 

1882.  §Smithson,  T.  Spencer.    Facit,  Rochdale. 

1874.  {Smoothy,  Frederick.    Booking,  Essex. 

1850.  •Smyth,  Charles  Piazzi,  F.R.S.E.,  F.R.A.S.     Clova,  Ripen. 

1883,  {Smyth,  Rev.  Christopher.    Firwood,  Chalford,  Stroud. 

1874.  {Smyth,  Henry.    Eastern  Villa,  Newcastle,  Co.  Down,  Ireland. 
1857.  •Smyth,  John,  M.A.,  F.C.S.,  F.R.M.S.,  M.InstC.E.L    MiUtown, 
Banbridge,  Ireland. 

1888.  •Shape,  H.  Ltx)yd,  D.Sc,  Ph.D.,  F.C.S.,  Professor  of  Chemistry  in 

University  College,  Ab^rystwith. 

1888.  {Snell,  Albion  T.    Brightside,  Salusbury-road,  Brondesbury,  London, 

N.W. 

1887.  {Snell,  Rev.  Bernard  J.,  M.A.     5  Park-place,  Broughton,  Man- 

chester. 

1878.  SSnell,  H.  Saxon.    22  Southampton-buildings,  London,  W.C. 

1889.  {Snell,  W.  H.    Lamoma,  Oxford-road,  Putney,  S.  W. 

1879.  •SoLLAS,  W.  J.,  M.A.,  D.Sc,  F.R.S.,  F.R.S.E.,  F.G.S.,  Professor 

of  Geology  in  the  University  of  Dublin.     Trinity  C\>llegv, 

and  Dartry  Park-road,  Rathgar,  Dublin. 
1892.  •Somervail,  Alexander.    Torquay. 

Sorbev,  Alfred.    The  Rookery,  Ashford,  Bakewell. 
1859.  •SoRBY,  H.  Clifton,  LL.D.,F.R.S.,  F.G.S.  Broomtield,  Sheffield. 
1879.  •Sorby,  Tbomas  W.    Storthfield,  Sheffield. 
1892.  {Sorley,  James,  F.R.S.E.     18  Magdala-crescent,  Edinburgb. 

1888.  {Sorley,  Professor  W.  R.    University  CoUege,  Cardiff. 

1886.  {Southall,  Alfred.    Carrick  House,  Richmond  Hill-road,  Birming- 

ham. 


Digitized  by  VjOOQIC 


LIST  OF  MEMBERS.  96 

Tear  of 
Election* 

1805.  *SouthAl1,  John  Tertius.  Parkfieldg,  Ross,  Herefordshire. 
1869.  XSouthall,  Norman,  44  Cannon-^^reet  West,  London j  J5,C, 
3887.  §Sowerbutt8,  Eli,  F.R.G.S.    44  Brown-street,  Manchester. 

1883.  JSpanton,  William  Dunnett,  F.R.O.S.    Ohatterley  House,  HaDley,. 

Staffordshire. 

1890.  t Spark,  F.R.    29  Hyde-terrace,  Leeds. 

1863.  •Spark,  H.  King,  F.G.S.    Startforth  House,  Barnard  Castle. 

1893.  *Speak,  John.    Eirton  Grange,  Kirton,  near  Boston. 
1889. '  tSpence,  Faraday,    67  Qrey-street,  Hexham, 

1837.  JSpencer,  F.  M.     Fernhill,  *Kniitsford. 

1884.  §Spencer,  John,  M.Inst.M.E.    Globe  Tube  ^'orks,  Wednesbury. 
] 889.  •Spencer,  John.    Newburn,  Newcastle-upon-Tyne. 

1891.  'Spencer,  Richard  Evans.    0  Working-street,  Cardiff. 

1863.  •Spencer,    Thomas.      The    Grove,    Ryton,   Blaydon-on-Tyne,    Ci>, 

Durham. 

1864.  •Spicer,  Henry,  B.A.,  F.L.S.,  F.G.S.    14  Aberdeen  Park,  High- 

bury,  London,  N. 

1894.  §  Spiers,  A.  H.     Newton  College,  South  Devon. 

1864.  •Spillbb,  Johw,  F.C.S.    2  St.  Mary's-road,  Canonbuy,  London,  N. 

1878.  §Spottiswoode,  George  Andrew.     3  Cadogan-square,  London,  S.W. 

1864.  'Spottiswoode,  W.  Hugh,  F.C.S.  41  Grosvenor-place,  London, 
S.W. 

1864.  •Sprasxtb,  Thomas  Bond,  M.A.,  LL.D.,  F.R.S.E.  26  St.  Andrew- 
square,  Edinbiuyh. 

1883.  JSpratling,  W.  J..   B.Sc.,  F.G.S.    I^Iaythorpe,   74  Wickham-road, 

Brockley,  S.E. 
1888.  JSpreat,  John  Henry.    Care  of  Messrs.  Vines  &  Froom,  76  Alders- 
gat&-8treet,  London,  E.G. 

1884.  'Spruce,  Samuel,  F.G.S.    Beech  House,  Tamworth. 

1877.  tSQTTABE,  William,  F.RC.S.,F.R.G.S.  4  Portknd-square,  Ply  mouths 
•Squire,  Lovell.    6  Munster-terrace,  Fulham,  London,  S.W. 

1888.  'Stacy,  J.  Sargeaiit.    7  and  8  Paternoster-row,  London,  E.G. 

1884.  :(Stancoffe,  Frederick.    Dorchester-street,  Montreal,  Canada. 

1892.  JStanfield,  Richard,  AssocMlnstCK,  F.R.S.E ,  Professor  of  En- 
gineering in  the  Heriot  Watt  College,  Edinburgh.  49  May- 
iield-road,  Edinburgh. 

1883.  •Stanford,  Edward,  jun.,  F.R.G.S.    Thombury,  Bromley,  Kent. 

1866.  JStanpord,  Edward  C.  C,  F.C.S.    Glenwood,  Dalmuir,  N.B. 

1881.  'Stanley,  William  Ford,  F.G.S.  Cumberlow,  South  Norwood^ 
Surrey,  S.E. 

1883.  JStanlev,  Mrs.     Cumberlow,  South  Norwood,  Surrey,  S.E. 

1894.  §Stan8field,  Alfred.    Royal  Mint,  London,  E. 

1893.§§Staple9,  Sir  Nathaniel.     Lisson,  Cookstown,  Ireland. 

Staple  ton,  M.  H.,  M.B.,  M.RI.A.    1  Mountjoy-place,  Dublin. 

1883.  JStapley,  Alfred  M.    Marion-terrace,  Crewe. 

1876.  jStarling,  John  Henry,  F.C.S.    3  Victoria-road,  Old  Charlton,  Kent. 

Staveley,  T.  K.    Ripon,  Yorkshire. 
1894.  SStavert,  Rev.  W.  J.,  M.A.,  F.C.S.    Burnsall  Rectory,  Skipton-in- 

Craven,  Yorkshire. 
1873.  'Stead,  Charles.    Red  Bam,  Freshfield,  Liverpool. 
1881.  tStead,  W.  H.    Orchard-place,  Blackwall,  London,  E. 
1881.  JStead,  Mrs.  W.  IL    Orchard-place,  Blackwall,  London,  E. 

1884.  ISteams,  Sergeant  P.    U.S.  Consul-General,  Montreal,  Canada. 
1892.  §SiEBBiiTo,  Rev.  Thomas  R.  R.,  M. A.   Ephraim  Lodge,  The  Con  m  ^n,, 

Tunbridge  Wells. 
1891.  tSteeds,  A.  P.     16  St.  HelenVroad,  Swansea. 
1873.  JSteinthal,  G.  A.    16  Hallfield-road,  Bradford,  Yorkshire. 


Digitized  by  VjOOQIC 


94  LIST  OF  MEMBERS. 

Yeftrof 
Bleotlon. 

1887.  tSteinthal,  Rev.  S.  Alfred.    81  Nel«on-«treet,  A[anchesler. 
1887.  tStelfox,  John  L.    6  Hilton-etreet,  Oldham.  Manchester. 
1884.  :(Stephen,  George.     140  Drummond-etreet,  Montreal,  Caoada. 
1884.  tStephen,  Mrs.  George.     140  Drummond-fitreet.  Montreal,  Canada. 

1884.  •Stephens,  W.   Hudson.     Lowville    (P.O.),  State  of   New   York, 

U.S.A. 

1879.  •Stbphbnson,  Sir  Hestbt,  J.P.    The  Glen,  Sheffield. 

1870.  *Stet>enSf  Miss  Anna  Maria,  23  Elm  Grove-terrate,  Zondon-roadj 
Salisbwy, 

1880.  ^Stevens,  J.  Edward,  LL.B.     I^  Mayals.  near  Swansea. 

1886.  {Stevens,  Marshall.    Highfield  House,  Umuton,  near  Manchester. 

1802,  jStevenson,  D.  A.,  B.Sc.,  F.R.S.E.,  M.InstC.E.    84  Geoi^:e-«treet, 

Edinburgh. 

1803.  •Stbvbnbow,  Jambs  C,  M.P.,  F.O.S.    Wostoe,  South  Shields. 

1889.  tStevenson,  T.  Shannon.     Westoe,  South  Shields, 

1890.  •Steward,  Rev.  Charles  J.,  F.R.M,S.    Somerleyton  Rectory,  Lowes- 

toft. 

1885.  •Stewart,  Rev.  Alexander,  M.D.,  LL,D.    Heathcot,  Aberdeen. 

1887.  •Stewart,  A.  H.    St.  Thomas's  Hospital,  London,  S.E. 
1892.  :(Stewart,  C.  Hunter.    :{  Oarlton-terrace,  Edinburgh. 

1864.  {Stewart,  Charles,  M.A.,  F.L.S.    St  Thomas's  Hospital,  London, 

S.E. 

1885.  t Stewart,  David.    Banchory  House,  Aberdeen. 

1886.  •Stewart,  Duncan.     12  Montgomerie-crescent,  Kelviuside,  Gla^ow. 

1887.  X^^^'^f  Oeorge  N,    Physioloffical  Laboratory,  (hoens  Cotieffe,  Man^ 

Chester, 

1875.  •Stewart,  James,  B.A.,  F.R.C.P.Ed,    Dunmurry,  Sneyd  Park,  near 

Clidon,  Gloucestershire. 
1892.  §Stewart,  S»imm4.     Knocknairn,  Bigston,  Qr»»enock. 

1876.  tStewart,  William.    Violet  Grove  House,  St.  George's-road,  Qlaf^w. 
1867.  iStirliflg,  Dr.  D.    Perth. 

1876.  JStirlino,  William,  M.D.,  D.Sc.,  F.R.S.E.,  Professor  of  Physiology 

in  the  Owens  College,  Manchester. 
1867.  •Stimip,  Mark,  F.G.S.    Stamford-road,  Bowdon,  Cheshire. 

1865.  •Stock,  Joseph  S.    St.  Mildred^s,  Walmer. 
1800.  iStockdale,  R.    The  Grammar  School,  Leeds. 

1883.  •Stocker,  W.  N.,  M.A.,  Professor  of  Physics  in  the  Royal  Indian 
Engineering  College.    Cooper's  Hill,  Staines. 

1854.  tStoess,  Le  Chevalier  Ch.  de  W.  (Bavarian  Consul).    liverpool. 

1845.  •Stokes,  Sir  George  Gabriel,  Bart.,  M.A.,  JXC.L.,  LLD.,  D.Sc., 
F.R.S.,  Lucasian  Professor  of  Alathematics  in  the  University 
of  Canihridge.    Lensfield  Cottage,  Cambridge. 

1887.  JStone,  E.  D.,  F.C.S.     10  Lever-street,  Piccadilly,  Manchester. 
1802.  JStonb,  Edward  Javes,  M.A.,  F.R.S.,  F.R.A.S.,  Director  of  the 

Radcliffe  Observatory,  Oxford. 
1886.  tStone,  J.  B.    The  Grange,  Erdington,  Birmingham. 
1880.  tStone,  J.  H.    Grosvenor-road,  Handsworth,  Birmingham. 
1874.  JStone,  J.  Harris,  M.A.,  F.L.S.,  F.C.S.    3  Dr.  Johnson Vbuildings, 

Temple,  London,  E.C. 

1888.  JStose,  John.    15  Royal-crescent,  Bath. 

1876.  tStone,  Octavius  C,  f'.R.G.S.    40  Bolsover-street,  Regent's  Park, 

London,  N.W. 
1883.  {Stone,  Thomas    William.    180  Goldhawk-road,  Shepherd's  Bush, 

London,  W. 
1857.  tSioNET,  BnrooN  R,  LL.D.,F.R.S.,  M.Inst.C.E.,  M.R.LA.,  Engineer 

of  the  Port  of  Dublin.     14  Elgin-road,  Dublin. 
1878.  •Stoney,  G.  Gerald.    00  Meldon-torrace,  Newcastle-upon-Tyne. 


Digitized  by  VjOOQIC 


LIST  OF  MEMBERS.  05 

Tear  of 

Election. 

1861.  •Stonbt,  George  JororsTOWE,  M.A.,  D.Sc.,  F,R.S.,  M.R.I.A.     8 

Upper  Homsey  Rise,  London,  N. 
1876.  §Stope8,  Henry,  F.G.S.    31  Tomngton-square,  London,  W.O. 

1883.  tStopes,  Mrs.    31  Torrington-square,  London,  W.O. 
1887.  {Storer,  Edwin.    Woodlands,  Orumpsall,  Manchester. 

1887.  *Storey,  H.  L.    Oaton,  near  Lancaster. 

1878.  SStorr,  William.    The  'Times'  Office,  Printing-house-square,  Lon- 

don, E.O. 

1884.  §StorrB,  George  H.    Gorse  Hall,  Stalybridge. 

1888.  •Stothert,  Percy  K.    Audley,  Park-gardens,  Bath. 

1874.  JStott,  William.    Scar  Bottom,  Greetland,  near  Halifax,  Yorkshire. 

187L  •SxRACHBT,  Lieut-General  Richabd,  R.E.,  C.S.I.,  LL.D.,  F.R.S., 
F.R.G.S.,  F.L.S.,  F.G.S.  69  Lancaster-gate,  Hyde  Park,  Lon- 
don, W. 

1881.  tStrahan,   Aubrey,    M.A.,  F.G.S.      Geological  Museum,  Jermyn- 

street,  London,  S.W. 
1876.  {Strain,  John.    143  West  Regent-street,  Glasgow. 
1863.  iStraker,  John.    Wellington  House,  Durham. 

1889.  tStraker,Oaptain  Joseph.    Dilston  House,  Riding  Mill-on-T3me. 

1882.  JStrange,  Rev.  Cresswell,  M.A.    Edgbaston  Vicarage,  Birmingham. 
1881.  JStrangways,  C.  Fox,  F.G.S.    Geolorical  Museum,  Jermyn-etreot, 

London,  S.W. 
1889.  SStreatfeild,  H.  S.     The  Limes,  Leigham  Court-road,  Streatham, 
S.W. 
^Strickland,  Charles.    21  Fitzwilliam-place,  Dublin. 

1879.  JStrickland,  Sir  Charles  W.,  K.C.B.    Hildenley-road,  Malton. 
1884.  JStringham,  Irving.    The  University,  Berkeley,  California,  U.S.A. 
1859.  tStronach,  William,  R.E.    Ardmellie,  Banff. 

1883.  SStrong,  Henry  J.,  M.D.    Colonnade  House,  ITie  Steyne,  Worthing. 
1887.  •Stroud,  Professor  H.,  M.A.,  D.Sc.    College  of  Science,  Newcastle- 
upon-Tyne. 

1887.  •Stroud,  William,  D.Sc,  Professor  of  Physics  in  the  Yorkshire  Col- 

lege, Leeds. 
1876.  •Struthbrb,  Joh5,  M.D.,  LL.D.,  Emeritus  Professor  of  Anatomy  in 
the  University  of  Aberdeen.    24  Buckingham-terrace,  Edin- 
burgh. 

1878.  tStrype,  W.  G.    Wicklow. 

1876.  •Stuart,  Charles  Maddock.    St.  Dunstan's  College,  Catford,  S.E. 

1872.  •Stuart,  Rev.  Edward  A.,  M.A.     St.  Matthew,  Bayswater,  6  PrinctjV 

square,  London,  W. 

1892.  tStuart,  Morton  Gray,  M.A.    Ettrickbank,  Selkirk, 

1884.  t'^^tuart,  Dr.  W.  Theophilus.    183  Spadina-avenue,  Toronto,  Canada. 
1893.§§Stubbe,  Arthur  G.     Sherwood  Rise,  Nottingham. 

1888.  •Stubbs,  Rev.  Elias  T.,  M.A.    4  Springfield-place,  Bath. 

1885.  §Stump,  Edward  C.     16  Herbert-street,  Moss  Side,  Manchester. 

1879.  •Styring,  Robert.    5  Leopold-street,  Sheffield. 

1891.  •Sudborougb,  J.  J.,  Ph.D.,  B.Sc.    9  Park-grove,  Wordsworth-road, 

Birmingham. 
1884.  jSumner,  George.    107  Stanley-street,  Montreal,  Canada. 

1887.  JSumpner,  W.  E.    37  Pennyfields,  Poplar,  London,  E. 

1888.  tSunderland,  John  E.    Bark  House,  Hatherlow,  Stockport. 

1883.  JSutclifle,  J.  S.,  J.P.    Beech  House,  Bacup. 

1873.  JSutcliffe,  Robert.    Idle,  near  Leeds. 

1863.  jSutherland,  Benjamin  John.    Thurso  House,  Newcastle-upon-Tvr.e. 
3886.  jSutherland,  Hugh.     Winnipeg,  Manitoba,  Canada. 

1893.  §Sotherland,  James  B.    10  Windsor-street,  Edinburgh. 

1884.  f  Sutherland,  J,  0.    Richmond,  Quebec,  Canada. 


Digitized  by  VjOOQIC^ 


06  LIST  OF  MEMBERS. 

Year  of 


18(53.  JStttton,  Francis,  F.C.S.    Bank  Plain,  Norwich. 

1880.  JSntton,  William.    Esbank,  Jesmond,  Newcastle-upon-Tjne. 

1881.  ISwamson,  George,  F.L.S.    North  Drive,  St.  Amie*8-on-Sea,  Lan- 

cashire. 
1881.  tSwales,  William.    Ashville,  Holgate  Hill,  York. 

1876.  ISwctUf  David,  jun.    Braeside,  Man/hill,  Glasgow, 

1881.  §SwAN,  JosBPH  Wilson,  M.A.,  F.R.S.    Lauriaton,  Bromley,  Kent. 
•Swansea,  The  Eight  Hon.  Lord,  F.G.S.    Park  Wern,  Swansea ; 

and  27  Belgrave-square,  London,  S.W. 
1879.  JSwanwick,  Frederick.     Whittington,  Chesterfield. 
1883.  ^Sweeting,  Rev.  T.  E.    60  Roe-lane,  Southport. 
1887.  §  Swinburne,  Jakes.    4  BEatherley-road,  Elew  Gardens,  Xiondon. 
1870.  ^Swinburne,  Sir  John,  Bart.,  M.P.  Capheaton,  Newcastle-upon-Tyne. 
3886.  XSmnddls,  Miss.    Sprin^ld  House,  Ilkley,  Yorkshire. 
1887.  'SwindelU,  Rupert,  F.R.G.S.      Wilton  VHla,  The  Firs,  Bowdon, 

Cheshire. 
1873.  *Swinglehurst,  Henry.    Hincaster  House,  near  Milnthorpe. 
1890.  §Swinhoe,  Colonel  0.    Avenue  House,  Oxford. 
1891.$§Swinnerton,  R.  W.,  Assoc. M.Inst C.E.    Bolarum,  Dekkan,  India. 

1889.  §Swom,  Sidney  A.,  B.A.,  F.C.S.    The  Municipal  Technical  School, 

Gravesend. 
1873.  tSykes,  Benjamin  Clifford,  M.D.    St.  John's  House,  Cleckheaton. 
1887.  •Sykes,  George  H.,  M.A.,  M.rnst.C.E.,  F.S.A.     Qlencoe,  Elmboume- 

road.  Tooting  Common,  London,  S.W. 

1890.  tSykes,  Joseph.    113  Beeston-hill,  Leeds. 
1887.  •Sykes,  T.H.    Cheadle,  Cheshire. 

Stlvesibr,  Jaiies  Joseph,  M.A.,  D.C.L.,  LL.D.,  F.R.S.,  Savillan 
Professor  of  Geometry  in  the  University  of  Oxford.     New 
College,  Oxford. 
1893.§§Symes,  Rev.  J.  E.,  M.A.    70  KedclifFe-crescent,  Nottingham. 

1870.  tSTMBS,  Richard  Glascott,  M.A.,  F.G.S. ,  Geological  Survey  ot 

Scotland.    Sheriff  Court-huildings,  Edinhurgh. 
1886.  JSymington,  Johnson,  M.D.    Queen's  College,  Belfast. 
1881.  *Symington,  Thomas.    Wardie  House,  Edinburgh. 
1869.  §Symon8,  G.  J.,  F.R.S.,  SecRMetSoc.    62  Oamden-square,  London, 

N.W. 
1866.  •Stmons,  William,  F.C.S.    Dragon  House,  Bilbrook,  near  Taunton. 
1886.  §Symons,  W.  IL,  F.I.O.,  F.R.M.S.    130  Fellowes-road,  Hampstead, 

London,  N.W. 
1872.  XSynge,  Major- General  MiUington,  RE.,  F.R.G.S.     United  Service 

Cluh,  Pall  MaU,  London,  S.  W. 

1866.  tTailyour,  Colonel  Renny,  R.E.    Newmanswalls,  Montrose,  N.B. 

1877.  •Tait,  Lawson,  F.R.C.S.    The  Crescent,  Birmingham. 

1871.  JTait,  Peter  Guthrie,  F.R.S.E.,  Professor  of  Natural  Philosophy 

in  the  University  of  Edinburgh.    George-squAre,  Edinburgh. 

1867.  JTait,   P.    M.,  F.S.S.     37  Charlotte-street,  PortUnd-place,   Lon- 

don, W. 
1894.  §Takaku8u,  Jyim,  B.A.    17  Worcester-terrace,  Oxford. 

1890.  jTalbot,  Rev.  E.  S.    The  Vicarage,  Leeds. 

1893.§§Talbot.,  Herbert,  M.I.E.E.    19  Addison-villas,  Addison-street,  Not- 
tingham. 

1891.  jTAmblyn,  James.    Glan  Llvnvi,  Maesteg,  Bridfrend. 

1891.  tTanner,  Colonel  H.  C.  B.,  F.R.G.S.    Fiesole,  Bathwick  Hill,  Bath. 
1890.  JTannbr,  H.  W.  Lloyd,  M.  A.,  Professor  of  Mathematics  and  Astro- 
nomy in  University  College,  Cardiff. 


Digitized  by  VjOOQIC 


LIST  OF  MEMBERS.  97 

Year  of 
Election. 

1892.  •Taneley,  Arthur  G.    167  Adelaide-road,  London,  N.W, 

1883.  §Tap8Cott,  R.  L.,  F.G.S.    62  Croxteth-road,  Liverpool. 
1878.  JTarpbt,  HreH.    Dublin. 

1861   •Tarratt,  Henry  W.  St.  Au^stine,  Southboume,  Chriatcliupcli,  Hants. 

1857.  *Tate,  Alexander.    Lon^wood,  Whitehouse,  Belfast. 
1893.§§Tate,  George,  Ph.D.,  F.C.S.    College  of  Chemistry,  Duke-street, 

Liverpool. 
1890.  tTate,  Thomas,  F.G.S.    6  Eldon-mount,  Woodhouse-lane,  Leeds. 

1858.  *Tatham,  Geoige,  J.P.    Springfield  Mount,  Leeds. 

1884.  rraylor,  Rev.  Charles,  D.D.    St.  John's  Lodge,  Cambridge. 

Taylor,  Frederick.    Laurel  Cottage,  Rainhill,  near  Prescot,  Lan- 
cashire. 
1887.  JTaylor,  G.  H.    Holly  House,  235  Eccles  New-road,  Salford. 
1874.  JTaylor,  G.  P.    Students'  Chambers,  Belfast. 
1887.  JTaylor,  George  Spratt,  F.C.S.      13    QueenVterrace,  St.  John's 
Wood,  London,  N.W. 

1881.  *Taylor,  H.  A.    25  Collingham-road,  South  Kensington,  London 

S.W. 
1884.  •Taylor,  H.  M.,  M.A.    Trinity  College,  Cambridge. 

1882.  •Taylor,  Herbert  Owen,  M.D.    17  Castlegate,  Nottingham. 
1887.  JTiTLOR,  Rev.  Canon  Isaac,  D.D.    Settnngton  Rectory,  York. 
1861.  rraylor,  John,  M.Inst.C.E.,  F.G.S.    The  Old  Palace,  Richmond, 

Surrey. 
1873.  tTayhr,  John  Ellor,  Ph.B.,  F.L.S.y  F.G.S,     The  Mount,  Ipswich. 
1881.  •Taylor,  John  Francis.    Holly  Bank  House,  York. 
1865.  {Taylor,  Joseph.    99  Constitution-hill,  Birmingham. 
1876.  {Taylor,  Robert.    70  Bath-street,  Glasgow. 
1SS4.  •Taylor,  Miss  S.    Oak  House,  Shaw,  near  Oldham. 
1881.  tTaylor,  Rev.  S.  B.,  M.A.    Whixley  Hall,  York. 

1883.  JTaylor,  S.  Leigh.    Birklands,  Westdiflfe-road,  Birkdale,  Southport, 

1870.  tTaylor,  Thomas.    Aston  Rowant,  Tetsworth,  Oxon. 
1887.  {Taylor,  Tom.    Grove  House,  Sale,  Manchester. 

1883.  JTaylor,  William,  M.D.    21  Crockherbtown,  Cardiff. 

1893.  §Taylor,  W.  F.    Boswell  Court,  Croydon,  Surrev. 

1894.  •Taylor,  W.  W.    10  King-street,  Oxford. 

1884.  JTaylor- Whitehead,  Samuel,  J.P.    Burton  Closes,  Bakewell. 

1858.  JTbalb,  Thomas  Pridgin,  M. A.,  F.RS.    38  Cookridge-street,  Leeds. 
1885*  JTball,  J.  J.  H.,  M.  A.,  F.R.S.,  F.G.S.    28  Jermyn-street,  London, 

S.W. 
1879.  JTemple,  Lieutenant  George  T.,  R.N.,  F.R.G.S.     The  Nash,  near 

Worcester. 
1380.  JTemplb,  Sir  Richard,  Bart.,  G.C.S.L,  C.I.E,,  D.C.L.,  LL.D.^ 

M.P.,  F.R.G.S.    Athenaeum  Club,  London,  S.W. 
1863.  JTennant,  Henry.    Saltwell,  Newcastle-upon-Tyne. 

1859.  JTennant,  James.    Saltwell,  Gateshead. 

1804.  §Terras,  J.  A.,  B.Sc.    Royal  Botanic  Gardens,  Edinburgh. 
1832.  §Terrill,  William.    42  St.'GeorgeVterrace,  Swansea. 
1881.  jTerry,  Sir  Joseph.    Hawthorn  Villa,  York. 
1892.  •Tesla,  Nikola.    45  West  27th-street,  New  York,  U.S.A. 
18S3.  JTetley,  C.  F.    The  Brewery,  Leeds. 
1883.  JTetley,  Mrs.  C.  F.    The  Brewery,  Leeds. 

1832.  •Thane,  George  Dancer,  Professor  of  Anatomy  in  University  College^ 
Qower-street,  London,  W.C. 

1885.  JThin,  Dr.  George,    22  Queen  Anne-street,  London,  W. 

1871.  f Thin,  James.    7  Billbank-terrace,  Edinburgh. 

1871.  JThiselton-Dybr,  W.  T.,  O.M.G.,  CLE.,  ALA.,  B.Sc.,Ph.D.,F.R.S., 
F.L.S.    Royal  Gardens,  Kew. 
1894.  G 


Digitized  by 


Google 


98  LIST  OF  MEMBERS. 

Year  of 
Ueetlou. 

1870.  JThom,  Robert  Wilson.    Lark-hill,  Ohorlev,  liancasliire. 
1891.  tThomafl,  Alfred,  M.P.     Pen-y-lan,  Oardifr. 

1871.  tThomas,  Ascanius  William  Nevill.    Ghudleigh,  De7nn. 

1891.  jThomas,  A.  Garrod,  M.D.,  J.P.    Cljtha  Park,  Newport,  Mon- 
mouthshire. 
1891.  •Thomas,  Miss  Ohmi.    Llwynmadoc,  Garth,  RS.O. 
1891.  tThomas,  Edward.    282  Bute-street,  Cardiff. 

1891.  §Thomas,  E.  Franklin.    Dan-y-Bryn,  Radyr,  near  Cardiff. 

1883.  X'^homaSf  Einfiest  C,  B.A,     13  South-Square,  Grays  Inn,  Londtnij 

W.C. 

1884.  JThomas,  F.  Wolfbrstah.    Molson's  Bank,  Montreal,  Canada. 

Thomas,  George.    Brislington,  Bristol. 
1875.  {Thomas^  Tlertort.    Ivor  House,  Redland,  Bristol. 
1809.  tThomas,  H.  D.    Fore-street,  Exeter. 

1881.  §Thoma9,  J.  BLOimT.    Southampton. 

1892.  jrAoTiMM,  J.  C,  B,Sc,      Queen  ElizabetKn  Grammar  School,  Car- 

marthen, 

1869.  JThomas,  J.  Henwood,  F.R.G.S.    Custom  House,  London,  E.C. 

1891.  ^Thomas,  John  Tabb,  L.RC.P.  Eastfields^  Newport,  Monmouth- 
shire. 

1880.  ^Thomas,  Joseph  William,  F.C.S.  Drumpelller,  Brunswick-road, 
Gloucester. 

1883.  SThomas,  Thomas  IL    45  The  Walk,  Cardiff. 

1383.  tThomas,  William.    Lan,  Swansea. 

1880.  tThomas,  William.    109  Tettenhall-road,  Wolverhampton. 

1886.§§Thomason,  Yeoville.  9  Observatory-gardens,  Kensington,  Loo- 
don,  W. 

1875.  tThompson,  Arthur.    12  St.  Nicholas-street,  Hereford. 

1891.  •Thompson,  Beeby,  F.C.S.,  F.G.S.    65  Victoria-road,  Northampton. 
1883.  tThompson,  Miss  'O.  E.    Heald  Bank,  Bowdon,  Manchester. 
3891.  tThompson,  Charles  F.    Penhill  Close,  near  Cardiff. 

1882.  tThompson,  Charles  0.    Terre  Haute,  Indiana,  U.S.A. 

1888.  ^Thompson,  Claude  M.,  M.A.,  Professor  of  Chemistry  in  Univenity 

College,  Cardiff. 
1885.  tThompson,  D'Arcy  W.,  B.A.,  Professor  of  Physiology  in  University 
College,  Dundee.     University  College,  Dundee. 

1883.  *Thompson,  Francis.    Lynton,  Haling  Park-road,  Croydon. 
1891.  tThompson,  G.  Carslake.    Park-road,  Penarth. 

1859.  tThompson,  George,  jun.    5  Golden-square,  Aberdeen. 
1893.  •Thompson,  Harry  J.,  M.Inst.C.E.,  Madras.  Care  of  Messrs.  Grindlay 
&  Co.,  Parliament-street,  London,  S.W. 
Thompson,  Harry  Stephen.    Kirby  Hall,  Great  Ouseburn,  Yorkshire. 
1870.  tTHOMPSOK,  Sir  ELsnrt.    35  Wimpole-street,  London,  W. 

1889.  XThompBon,  Henry.    2  Edington-terrace,  Netccastle-upon-Tyne, 
1883.  •Thompson,  Henry  G.,  M.D.    80  Lower  Addiscombe-road,  Croydon. 

Thompson,  Heni^  Stafford.    Fairfield,  near  York. 
1891.  tThompson,  Herbert  M.    Whitley  Batch,  Llandaff. 
1891.  tThompson,  H.  Wolcott.    0  Park-place,  Cardiff. 
1883.  •Thoitpsoit,  Isaac  Cooke,  F.L.S.,  F.R.M.S.    VVoodstock,  Waverlej- 

road,  Liverpool. 
1891.  tThompson,  J.  Tatham.    23  Chariee-street,  Cardiff. 
1861.  •Thokpbon,  .Joseph.    Biversdale,  Wilmslow,  Manchester. 

1876.  •Thompson,  Richard.     Dringcote,  The  Mount,  York. 
1883.  tThompson,  Richard.    Bramley  Mead,  Whalley,  Lancashire. 
1876.  tTnoMPsoN,   Silvanits  Phillips,  B.A.,  D.Sc.,  F.R.S.,  F.R.A.Sh 

Principal  and  Professor  of  Physics  in  the  City  and  Guilds  of 
London  Institute^  Finsbury  Technical  Institute,  E.O. 


Digitized  by  VjOOQIC 


i 


LIST  OF  MEMBERS. 


09 


Tear  of 
Bleotlon. 


894. 


.868. 


880. 
871. 
886. 

887. 


883.  ^Thompson,  T.  II.    Jleald  Bank,  Bowdon,  Mancheator. 

867.  tThoms,  William.     Mafl;daleQ-yard-road,  Dundee. 

§Tliom8on,  Arthur,  M.D.,  Professor  of  Human  Anatomy  in  the  Uni- 
versity of  Oxford.    Exeter  College,  Oxford. 
•Thomson,  James,  M. A.    22  Wentworth-place,  Newcastle-upon-Tyne. 
§TH0it80N,  Jaios,  F.G.S.     6  Stewart-street,  Shawlands,  Glasgow. 

876.  (Thomson,  James  R.    Mount  Blow,  Dalmuir,  Glasgow. 

801.  t^omson,  John.    70a  Grosvenor-street,  London,  W. 

890.§§Thomson,  J.  Arthur,  M.A.,  F.R.S.E.,  Lecturer  on  Zoology  at  the 
School  of  Medicine,  Edinburgli.    30  Royal-circus,  Edinburgh. 

883.  :tTH0M80ir,  J.  J.,  M.A.,  F.R.S.,  Professor  of  Experimental  Physics  in 
the  Universily  of  Cambridge.    6  Scrope  Terrace,  Cambridge. 

871.  ^Thomson,  John  Millar,  F.C.S.,  Professor  of  Chemistry  in  £ing*8 
College,  London.    53  Princess-square,  London,  W. 

886.  (Thomson,  Joseph.    Thornhill,  Dumfriesshire. 

863.  (Thomson,  Murray.    44  Victoria^road,  Gipsy  Hill,  London,  S.E. 
874.  §Thom80N,  WiLLLUf,  F.R.S.E.,  F.C.S.     Royal  Institution,  Man- 
chester. 

§Thomson,  William  J.    Ghyllbank,  St  Helens. 
(Thornbum,  Rev.  David,  M.A.     1  JohnVplace,  Jjeith. 
$Thomley,  J.  E.    Lyndon,  Bickenhill,  neai*  Birmingham. 
(Thornton,  John.    3  Park-street,  Bolton. 

867.  (Thornton,  Sir  Thomas.    Dundee. 

883.  §Thorowgood,  Samuel.    Castle-square,  Brighton. 

845.  (Thorp,  Dr.  Disney.    Lypiatt  LcMige,  Suffolk  Lawn,  Cheltenham. 

881.  (Thorp,  Fielden.    Blossom-street,  York. 

871.  (Thorp,  Henry.    Briarleigh,  Sale,  near  Manchester. 

881.  •Thorp,  Josiah.    87  Selborne-street,  Liverpool. 

864.  •Thorp,  William,  B.Sc.,  F.C.S.  24  Crouch  Ilall-road,  Crouch  End, 

London,  N. 
871.  (Thorpe,  T,  E.,  Ph.D.,  F.R.S.,  F.R.S.E.,  F.C.S.,  Principal  Chemist 

of  the  Grovernment  Laboratories,  Somerset  House,  London, 

W.C. 
883.  SThrelfall,  Henry  Singleton.     1 2  London-street,  Southport. 

868.  (Thuillibr,  General  Sir  H.  E.  L.,  R.A.,  C.S.I.,  F.R.S.,  F.R.G.S 

Tudor  House,  Richmond  Green,  Surrey. 
889.  (Thys,  Captain  Albert.    0  Rue  Briderode,  Brussels. 
870.  (Tichbome,  Charles  R.  C,  LL.D.,  F.C.S.,  M.R.I.A.    Apothecaries' 

Hall  of  Ireland,  Dublin. 

873.  •TiDDBMAN,  R  H.,  M.A.,  F.G.S.  28  Jermyn-street,  London, 
S.W. 

874.  (TiLDBN,  William  A.,  D.Sc.,  F.R.S.,  F.C.S.,  Professor  of  Chemistry 
in  the  Royal  College  of  Science,  South  Kensington,  London, 
S.W. 

873.  (TOi^hman,  B.  C.    Philadelphia,  U.S.A. 
883.  (TiUyard,  A.  L,  M.A.    Ford  field,  Cambridge. 
883.  (Tillyard,  Mrs.    Fordfield,  Cambridge. 

865.  (Tlmmins,  Samuel,  J.P.,  F.S.A.    Hul  Cottage,  Fillongley,  Coventrv. 
876.  (Todd,  Rev.  Dr.    Tudor  Hall,  Forest  Hill,  London,  S.E. 

§Todd,  Richard  Rees.    Portuguese  Consulate,  Cardiff. 
§Toll,  John  M.    Carlton  House,  Kirkby,  near  livernool. 
(  Tolmif  Mrs,    Melrose  Bouse ,  Higher  Brouffhton,  Manchester, 
(Tombe,  Rev.  Canon.    Gleneaiy,  Co.  Wicklow. 
(Tomkins,  Rev.  Henry  George.    Park  Lodge,  Weston-super-Mare. 
•ToMLiNsoiT,  Charles,  F.R.S.,   F.C.S.     7  North-road,  Highgate, 
London,  N. 

1887.  (Tonge,  Rev.  Canon.    Chorlton-cum-Hai*dy,  Manchester. 

g2 


801. 
880. 

887. 
857. 
888. 
864. 


Digitized  by  VjOOQIC  " 


100  LIST  OF  MEMBERS. 

Year  of 

Election. 

1887.  tTonjre,  James.     Woodbine  House,  West  Houghlon,  Bolton. 

1866.  JTonks,  Edmund,  B.C.L.  Packwood  Grange,  Knowle,  Warwick- 
shire. 

1806.  •Tonks,  William  Henry.    The  Rookery,  Sutton  Coldfipld. 

1873.  •Tookey,  Charles,  F.C.S.  Royal  School  of  Mines,  Jermyn-street^ 
London,  S.W. 

1887.  JTopham,  F.     16  Great  George-street,  London,  S.W. 

1886.  jTopley,  Mrs.  W.     13  Havelock-road,  Croydon. 

1875.  jTorr,  Charles  Hawley.    St.  Alban's  Tower,  Mansfield-ioad,  Sher- 

wood, Nottingham. 

1886,  JTorr,  Charles  Walker.    Cambridfre-street  Works,  Birmingham. 
1884.  JTorrance,  John  F.    Folly  Lake,  Nova  Scctia,  Canada. 

1884.  •Torrance,  Rev.  Robert,  D.D.    Guelph,  Ontario,  Canada, 

Towgood,  Edward.     St.  Neot's,  Huntingdonshire. 
1873.  JTownend,  W.  II.    Heaton  Hall,  Bradfoi-d,  Yorkshire. 

1876.  JTownsend,  Charles.     St.  Mary's,  Stoke  Bbhop,  Bristol. 
1B61.  J Townsend,  William.    Attleboi-ough  Hall,  near  Nuneaton. 

1877.  JTozer,  Henry.    Ashburton. 

1876.  •Trail,  J.  W.  H.,  M.A.,  M.D.,  F.R.S.,  F.L.S.,  Regius  Professor  of 

Botany  in  the  University  of  Aberdeen. 
18a'5.  JTraill,  a.,  M.D.,  LL.D.    Ballylough,  Bushmills,  Ireland. 

1870.  JTraill,   William    A.     GianVs    Causeway   Electric   Tramway, 

Portrush,  Ireland. 

1875.  XTrapneUy  Caleb.     Sevemleiah,  Sioke  Bishop. 

1868.  JTraquair,  Ramsay  H.,  M.I).,  LL.D.,  F.R.S.,  F.G.S.,  Keeper  of  tbe 
Natural  History  Collections,  Museum  of  Science  and  Art, 
Edinburgh. 

1801.  jTrayes,  Valentine.  Maindell  Hall,  near  Newport,  Monmouth- 
shire. 

1884.  JTrechmann,  Charles  0..  Ph.D.,  F.G.S.    Hartlepool. 

1868.  JTrehane,  John.    Exe  View  Lawn,  Exeter. 

1891.  JTreharne,  J.  LI.    02  Newport-road,  Cardiff. 

Trench,  F.  A.    Newlands  House.  Clondalkin,  Ireland. 

1887.  •Trench-Gascoipe,  Mrs.  F.  R.    Parlinprton,  Aberford,  Leeds. 

1883.  JTrendell,  Edwin  James,  J. P.    Abbey  House,  Abingdon,  Berks. 

1884.  JTrenham,  Norman  W.     18  St.  Alexis-street,  Montreal,  Canada. 
1884.  STribe,  Paul  C.  M.     44  West  Oneida-street,  Oswego,  New  York, 

U.S.A. 
1879.  jTrickett,  F.  W.    12  Old  Havmarket,  Sheffield. 

1877.  JTrimbn,  Henry,  M.B.,  F.llS.,  F.L.S.    Peradeniya,  Ceylon. 
1871.  JTrimen,  Roland,  F.R.S.,   F.L.S.,  F.Z.S.     Colonial   Secretary's 

Office,  Cape  Town,  Cape  of  Good  Hope. 
1860.  §Tri8TRam,  Rev.  Henry  Baker,  D.D.,  LL.D.,  F.R.S.,  F.L.S.,  Canon 
of  Durham.    The  College,  Durham. 

1884.  •Trotter,  Alexander  Pelham.    22  Cottesmore-gardens,  Victoria-road » 

Kensington,  London,  W. 

1835.  §Trottbr,  Couttb,  F.G.S.,  F.R.G.S,  17  Charlotte-square,  Edin- 
burgh. 

1891.  JTrounce,  W.  J.    67  Newport-road,  Cardiff. 

1887.  'Trouton  Frederick  T.,  M.A..,  DSc.,  Trinity  College,  Dublin. 
3869.  JTroyte,  C.  A.  W.    Huntsham  Court,  Bampton,  Devon. 

1885.  •Tubby,  A.  H.    Guy's  Hospital,  London,  S.E. 
1847.  •Tuckett,  Francis  Fox.     Frenchay,  Bristol. 

1888.  JTuckeit,  William  Fothergill,  M.D.     18  Daniel-street,  Bath. 

Tuke,  James  H.     Bancroft,  Hitchin. 

1871.  tTuke,  J  Battv,  M.D.    Cupar,  Fifeshire. 
1«87.  tTuke,  W.  C.  '  29  Princess-street,  Manchrster. 


Digitized  by  VjOOQIC 


LIST  OF  MEMBERS.  101 

Tear  of 
Bleoiion. 

1883.  tTuppEB,The  Hon.  Sir  Chablbs,  Bart.,  G.C.M.G.,  O.B.,  Iliffh  Com- 
missioner for  Canada.     9  Victoria-chambers,  Loudon,  §.W. 
1892.§§Turnbull,  Alexander  R.    Ormiston  House,  Hawick. 
1855.  JTurnbull,  John.    37  West  George-street,  Glasgow. 

1893.  §Turner,  Dawson,  M.B.    37  George-square,  Edinburgh. 
1891.  JTurner,  Miss  E.  R.    Ipswich. 

1882.  XTumer,  O,  S,    9  Carlton^crescent,  Southampton, 

1883.  XTumer,  Mrs,  G.  S,    9  Carlton-crescent,  Southampton, 

1894.  •Ttjbnbb,  H.  H.,M.A.,  B.Sc.,  Sec.  R. A. S.,  Professor  of  Astronomy 

in  the  University  of  Oxford.    The  Observatory,  Oxford. 

1888.  JTumer,  J.  S.,  J.P.    Gi-anville,  Lansdowne,  Bath. 

1830.  •Tubneb,  Thomas,  A.R.S.M.,  F.C.S.,  F.I.O.  County  Offices, 
Stafford. 

1863.  •Tubneb,  Sir  William,  M.B.,  LL.D.,  D.C.L.,  F.R.S.,  F.R.S.E.,  Pro- 
fessor of  Anatomy  in  the  University  of  Edinburgh.  G  Eton- 
terrace,  Edinburgh. 

1S03.§§Ti:bnet,  Sir  John,  J.P.    Alexandra  Park,  Nottingham. 

1890.  *Turpin,  G.  S.,  M.A.,  D.Sc.     2  St.  JamesVterrace,  Nottingham. 

1885.  JTurrell,  Miss  S.  S.    High  School,  Redland-grove,  Bristol. 

1884.  'Tutin,  Thomas.    The  Orchard,  Chellaston,  Derby. 

1884.  •Tweddell,  Ralph  Hart.    Meopham  Court,  Gravesend,  Kent. 

1886.  *Twig8r,  G.  H.      66  Claremont  Road,  Ilandsworth,  Birmingham. 
1888.  §Tvack,  Llewellyn  Newton.     University  College,  Bristol. 

1 882.  §Tyer,  Edward. '  Ilomeck,  16  FitzjohnVaTenue,  Hampstead,  London, 

18G5.  §Tylob,  Edwabd  Bubnett,  D.C.L.,  LL.D.,  F.R.S.,  Keeper  of  the 
University  Museum,  Oxford. 

1883.  JTyrer,  Thomas,  F.C.S.    Garden-wharf,  Battersea,  London,  S.W. 
18G1.  •Tysoe,  John.    Ileald-road,  Bowdon,  near  Manchester. 

1884.  ♦UnderhUl,  G.  E.,  M.A.    Magdalen  College,  Oxford. 
1888.  t Underbill,  H.  M.    7  High-street,  Oxford. 

1886.  iUnderhill,  Thomas,  M.D.    West  Bromwich. 

1885.  §Unwin,  Howard.    Newton-grove,  Bedford  Park,  Chiswick,  Loudoii. 
1883.  §Unwin,  John.    EastcliifiB  Lodge,  Southport. 

1883.  §Unwin,  William  Andrews.  The  Briars,  Freshfield,  near  Liver- 
pool. 

1876.  •Unwin,  W.  C,  F.R.S.,  M.In8t.C.E.,  Professor  of  Engineering  at 
the  Central  Institution  of  the  City  and  Guilds  of  London  In- 
stitute.   7  Palace-gate  Mansions,  Kensington,  London,  W. 

1887.  tUpton,  Francis  R.    Orange,  New  Jersey,  U.S.A. 
1872.  JUpward,  Alfred.     150  Holland-road,  London,  W. 
1876.  JUre,  John  F.    6  Claremont-terrace,  Glasgow, 

1859.  JUrquhart,  W.  PoUard.    Craigston  Castle,  N.B.;  and  Castlepollard, 

Ireland. 
1866.  JUrquhart,  William  W.    Rosebav,  Broughty  Ferrv,  by  Dundee. 
1880.  tUssHEB,  W.  A.  E.,  F.G.S.    28  Jermyn-street,  London,  S.W. 


1885.  tVachell,  Charies  Tanfield,  M.D.    38  Charles- street,  Cardiff. 

1887.  •Valentine,  Miss  Anne.    The  Elms,  Hale,  near  Altrincham. 

1888.  tVallentin,  Rupert.     18  Kimberley-road,  Falmouth. 

1884.  t  Van  Home,  Sir  W.  C,  K.C.M.G.    Dorchester-street  West,  Montreal^ 

Canada. 
1883.  •Vansittart,  The  Hon.  Mrs.  A.  A,    Haywood  House,  Oaklands-road, 

Bromley,  Kent. 


Digitized  by  VjOOQIC    


103  LIST  OF  MEMBERS. 

Tfluro' 
BleoUoiu 

1886,  JVardt,  Rev.  A.  R.,  M.A.    Kinpr  Edward's  School,  BirmiDjfham. 

1868.  JVarley,  Frederick  H.,  F.R.A.S.    MUdmay  Park  Works,  Mildmay- 

avenue,  Stoke  Newin^on,  London,  N. 
1865.  •Varlet,  S.  Alfred.  5  Gavton-road,  Hampsfead,  London,  N.W. 
3870.  JVarley,  Mrs.  S.  A.    5  Gay  ton-road,  Hampstead,  London,  N.W. 

1869.  JVarwell,  P.    Alphinpton-street,  Exeter. 

1884.  tVasey,  Charles.   112  Camhridfre-gardens,  London,  W. 

1887.  •Vaugha.n,  His  Eminence  Cardinal.    Arcbbishop*s  House,  Carlele- 

place,  Westminster,  S.W. 
1875.  tVauglian,  Miss.    Burlton  Hall,  Shrewsbury. 
1883.  tVau<rhan,  William.    42  Sussex-road,  Southport. 
1881.  ^Veley,  V.  IL.  M.A.,  F.R.S.,  F.C.S.    22  Norhara-rond,  Oxford. 
1873.  •Vernet,  Sir  Edmund  H.,  Bart.,  R.N.,  F.R.G.S.    Claydon  House, 

Winslow,  Bucks. 
1883.  •Vemey,  I^ady.    Clavdon  House,  Winslow,  Bucks. 
188:3.  JVernox,  H.  H.,  M.D.    York-road,  Birkdale,  Southport. 
1864.  •VicARY,  William,  F.G.S.    The  Priory,  OoUeton-crescent,  Exeter. 
1800.  •Villamil,  Major  R.  de,  RE.    Care  of  Messrs.  Cox  &  Co.,  16  Char- 

injr  Cross,  London,  S.W. 
1868.  t Vincent,  Rov.  William.    Postwick  Rectory,  near  Norwich. 
1883.  •Vines,  Sydney  Howard,  M.A. ,  D.Sc,  F.R.S.,  F.L.S.,  Pi-ofessor  of 

Botany  in  the  University  of  Oxford.    Ileadington  Hill,  Oxford. 
1891.  jVivian  Stephen.    Llantrisant. 


1886.  *Wackrill.  Samuel  Thomas,  J.P.    Leamington. 
1860.  tWaddingham,  John.  Guiting  Grange,  Winchcombe,  Gloucestershire. 
1890.  jWadsworth,  George  Henry.    3  Southfield-square,  Bradford,  York- 
shire. 
1888.  tWadworth,  H.  A.    Brcinton  Court,  near  Hereford. 

1890.  §  Wager,  Harold  W.  T.    Yorkshire  College,  Leeds. 
189! .  t  Wailes.  T.  W.    23  Richmond-road,  Cardiff. 

188J.  j  Wait,  Charles  E.,  Professor  of  Chemistry  in  the  UniverMty  of  Ten- 
nessee.   Knoxville,  Tennessee,  U.S.A. 
1886.  t  Waite,  J.  W.    The  Cedars,  Bestcot,  Walsall. 
1 870 .  t  W  A  KE,  Charles  Stanila  nd.    Wei  ton,  near  Brough ,  East  Yorkshire. 
189?.  tWalcot,  John.    50  Northumberland-street,  Edinburgh. 

1884.  JWaldstein,  Charles,  M.A.,  Ph.D.    Cambridge. 

1891.  t Wales,  H.  T.    PontTpridd. 

1891.  tWalford,  Edward,  M.D.    Thanet  House,  Cathedral-road,  Cardiff. 
1894.  §  Walford,  Edwin  A.,  F.O.S.     West  Bar,  Banbury. 

1882.  •Walkden,  Samuel.     3  West  End-terrace,  Winchester. 
1898.  §  Walker,  Alfred  0.,  F.L.S.    Nant-y-Glyn,  Colwyn  Bay. 

1890.  §  Walker,  A.  Tannett.    Hunslet,  Leeds. 

1885.  J  Walker,  Mr.  Baillie.    52  Victoria-street,  Aberdeen. 

1885.  t  Walker,  Charies  Clement,  F.R.A.S.    lillieshall  Old  Hall,  Newport, 

Shropshire. 
1883.§§ Walker,  ^Frs.  Emma.    18  Lendal,  York. 

1883.  t Walker,  E.  R.    Pagefield  Ironworks,  Wigan. 

1891.  §  Walker,  Frederick  W.    Hunslet,  Leeds. 

1883.  J  Walker,  George.    11  Hamilton-square,  Birkenhead,  Idyerpool. 
1804.  SWalker,  G.  T.    Trinity  College,  Cambridge. 
1 866.  t Walker,  H.    Westwood,  Newport,  by  Dundee. 
1890.  J  Walker,  Dr.  James.    8  Windsor-terrace,  Dundee. 
3804.  •Walker,  James,  M.A.    30  Norham-jrardens,  Oxford. 
1885.  tWALKER,  General    J.    T.,  C.B.,   RE.,  LL.D.,  r.R.S.,  F.R.G.S. 
13  Cromwell-road,  London,  S.W. 

Digitized  by  VjOOQIC 


LIST  OF  MEMBERS.  103 

Year  of 
Election. 

1866.  •  Walkbr,  John  Francis,  M. A.,  F.C.S.,  F.G.S.,  F.L.S.  45  Bootham, 
York. 

1866.  JWaxker,  John  James,  M.A.,  F.R.S.     12  Denning-road,  Hamp- 

stead,  London,  N.W. 

1867.  •Walker,  Peter  G.    2  Airlie-place,  Dundee. 

1886.  •Walker,  Major  Philip  Billingsley.    Sydney,  New  South  Wales. 

1866.  t  Walker,  S.  V,    38  HampdennBtreet,  Nottingham . 

1884.  JWalker,  Samuel.    Woodhury,  Sydenham  Hill,  London,  S.E. 
1888.§§  Walker,  Sydney  F.    195  Severn-road,  Cardiff. 

1887.  JWalker,  T.  A.    15  Great  George-street,  London,  S.W. 
1883.  JWalker,  Thomas  A.    66  Leyland-road,  Southport. 

Walker,  William.    47  Northumherland-street,  Edinburgh. 

1881.  •Walker,  William.    18  Lendall,  York. 

1883.  JWall,  Henry.    14  Park-road,  Southport. 

1863.  t Wallace,  Alfred  Rus8EL,D.0.L.,F,R.S.,F.L.S.,F.R.G.S.  Corfe 
View,  Parkstone,  Dorset. 

1892.  t Wallace,  Robert  W.    14  Frederick- street,  Edinburgh. 

1887.  'Waller,  ArersTrs,  M.D.,  F.R.S.  Weston  Lodge,  16  Grove  End- 
road,  London,  N.W. 

1889.  •Wallis,  Arnold  J.,  M.A.    5  Belvoir-terrace,  Cambridge. 

1883.  JWallis,  Rev.  Frederick.    Caius  College,  Cambridge. 

1884.  f  Wallis,  Herbert.    Redpath-street,  Montreal,  Canada. 

1886.  JWallift,  Whitworth,  F.S.A.    Westfield,  Westfield-road,  Edgbaston, 

Birmingham. 
1883.  JWalmesley,  Oswald.    Shevington  Hall,  near  Wigan. 
ia04.  •Walmisley,  A.  T.,  M.Inst.C.E.    9  Victoria-street,  London,  S.W. 

1887.  i^Walmsley,  J.    Monton  Lodge,  Eccles,  Manchester. 

1891.  SWalmsley,  Professor  R.  M.,  D.Sc.     Heriot  Watt  College,  Edin 
burgh. 

1883.  JWalmsley,  T.  M.    Clevelands,  Chorley-road,  Heaton,  Bolton. 

1862.  JWalpolb,  The  Right   Hon.    Spencer  Horatio,    M.A.,  D.C.L.. 

F.RS.    Ealing,  Middlesex,  W. 
1881.  tWalton,  Thomas,  M.A.    Oliver's  Mount  School,  Scarborough. 

1863.  JWanklyn,  James  Alfred.    7  Westminste3><jhambers,  London^  S.W, 

1884.  JWanless,  John,  M.D.    88  Union-avenue,  Montreal,  Canada. 

1887.  JWard,  A.  W.,  M.A.,  Litt.D.,  Principal  of  Owens  College,  Manchester. 
1874.  §Ward,  F.  D.,  J.P.,  M.R.I.A.    Wyncroft,  Adelaide  Park,  Belfast, 

1881.  §Ward,  George,  F.C.S.    Buckingham-terrace,  Headingley,  Leeds. 

1879.  JWard,  H.  Marshall,  M.A.,  F.R.S.,  F.L.S.,  Professor  of  Botany  in 

the  Royal  Indian  Civil  Engineering  College,  Cooper's  llill, 
Egham. 

1890.  JWard,  Alderman  John.    Moor  Allertx)n  House,  Leeds. 
1874.  SWard,  John,  F.S.A.    Lenoxvale,  Belfast. 

1887.  §Ward,  John,  F.G.S.    23  Stafford-street,  Longton,  Staffordshire. 

1867.  t^&^y  John  S.    Prospect  Hill,  Idsbum,  Ireland. 

1880.  'Ward,  J.  Wesney.      Red  House,  Ravensboume  Park,  Catford, 

S  E 
1884.  •Ward,  John  William.    Newstead,  Halifax. 
1883.  JWard,  Thomas,  F.C.S.    Arnold  House,  Blackpool. 
1887.  JWard,  Thomas.    Brookfield  House,  Northwich. 

1882.  JWard,  William.    Cleveland  Cottage,  Hill-lane,  Southampton. 

1867.  ^Warden,  Alexander  J.    23  Panmure-street,  Dundee. 

1868.  tWardle,  Thomas.    Leek  Brook,  Leek,  Staffoidshire. 
1884.§§  Wardwell,  George  J.    Rutland,  Vermont,  U.S.A. 
1887.  •Waring,  Richard  S.    Pittsburg,  Pennsylvania,  U.S.A. 

1878.  SWarinqton,  Robert,  F.R.S.,  F.C.S.  Harpenden,  St  Albans, 
Herts. 


Digitized  by  VjOOQIC 


104  LIST  OF  MEMBERS. 

Year  of 
Elfstion. 

1882.  tWarner,  F.  I.,  F.L.S.    20  Hvde-atreet,  Winchester. 
1884i  •Warner,  James  D.     199  Ballics-atreet,  Brooklyn,  U.S.A. 

1875.  JWarren,  Algernon.    6  Windsor-terrace,  Clifton,  Bristol. 

1887.  tWARREW,  Major-General  Sir  Charles,  R.E.,  K.C.B.,  G.C.M.G., 

F.R.S.,  F.R.G.S.    Athenaeum  Club,  London,  S.W. 
]893.§§ Warwick,  W.  D.    Balderton  House,  Newark-on-Trent. 

1876.  *Waterhouse,   Lieat-Colonel    J.      40    Hamilton-terrace,    London. 

N.W. 
1870.  jWaters,  A.  T.  H.,  M.D.    29  Hope-street,  Liverpool. 
1892.  JWaterston,  James  H.    37  Lutton-place,  Edinbui^h. 
1876.  JWatherston,  Rev.  Alexander  Law,  M. A.,  F.R.A.S.    The  Grammar 

School,  Hincklev,  Leicestershire. 

1881.  SWatherston,  E.  J.    12  Pall  Mall  East,  London,  S.W. 

1887.  t Watkin,  F.  W.    40  Auriol-road,  West  Kensington,  London,  'A\'. 
1884.  JWatson,  A.  G.,  D.C.L.     Uplands,  Wadhurst,  Sussex. 
1886.  •Watson,  C.  J.    Alton  Cottage,  Bottville-road,  Acock's  Green,  Bir- 
mingham. 

1883.  JWatson,  C.  Knight,  M.A.   Society  of  Antiquaries,  Burlington  House, 

London,  W . 
1892.  §  Watson,  G.    9  Victoria-chambers,  South  Parade,  Leeds. 

1886.  JWatson,  Deputy  Surgeon- General  G.  A.    Heudi-e,  Overton  Park, 

Cheltenham. 

1882.  JWATSoir,  Rev.  H.  W.,  D.Sc.,  F.R.S.    Berkeswell  Rectory,  Coventry. 

1887.  X  Watson^  J.  Beauchamp,     Gilt  HaU,  Carlisle. 

1884.  t Watson,  John.    Queen's  University,  Kingston,  Ontario,  Canada. 

1889.  t Watson,  John,F.I.C.    6  Loraine-terrace,  Low  Fell,  Gateshead. 
1863.  jWatson,  Joseph.    Bensham-grove,  Gateshead. 

1863.  JWatson,  R.  Spence,  LL.D.,  F.R.G.S.    Bensharo-grove,  Gateshead. 
1867.  jWatson,  Thomas  Donald.    23  Cross-street,  Rnsbuiy,  London,  E.C. 
1892.  5 Watson,  William,  M.D.    Slateford,  Midlothian. 
1879.  •Watson,  William  Henry,  F.C.S.,  F.G.S.    Braystones,  Cumber- 
land. 
1894.  •Watson,  W.    20  Reset ti-mansions,  London,  S.W. 

1882.  jWatt,  Alexander.    89  Hartington-road,  Sefton  Park,  Liverpool. 
1884.  JWatt,  D.  A.  P.    284  Upper  Stanley-street,  Montreal,  Canada. 

1869.  JWatt,  Robert  B.  E.,  F.R.G.S.    Ashley-avenue,  Belfast. 

1888.  t  Watts,  B.  H.     10  Rivers-street,  Bath. 

1891.  •Watts,  E.  Hannay,  F.R.G.S.     Springfield,  Newport,  Monmouth- 
shire. 
1876.  •Watts,  John,  B.A.,  D.Sc.    Merton  College,  Oxford. 
1884.  •Watts,  Rev.  Robert  R.     Stourpaine  Vicarage,  Blandford. 

1870.  SWatts,  William,  F.G.S.    Oldham   Corporation  Waterworks,  Pie- 

thorn,  near  Rochdale. 
1873.  •Wattb,  W.  Mabshall,  D.Sc.    Giggleswick  Grammar  School,  near 
Settle. 

1883.  §Watta,  W.  W.,  M.A.,  F.G.S.    Geological  Survev  Office,  Jermyn- 

street,  London,  S.W. ;  and  Comdon,  Worcester-road,  Sutton, 

Surrey. 
1891.  JWaugh,  James.     Higher  Grade  School,  110  Newport-road,  Cardiff, 
1869.  X^^Ji  Samuel  James.    Adelaide,  South  Australia. 
1883.  J  Webb,  George.    6  Tenterden-street,  Bury,  Lancashire. 

1871.  tWebb,  Richard  M.    72  Grand-parade,  Brighton. 

1890.  jWebb,  Sidney.    4  Park-village  East,  London,  N.W. 

1866.  •Wbbb,  William  Fbederick,  F.G.S.,  F.R.G.S.     Newstead  Abbey, 

near  Nottingham. 
1886.  §Webbkb,   Major-General  C.  E.,  C.B.,  M.Infit.C.E.     17  Egerton- 

gardens,  London,  S.W. 


Digitized  by  VjOOQIC 


LIST  OF  MEMBERS.  106 

Tenr  of 
Election. 

1 891. §§ Webber,  Thomas.    Kensington  Villa,  0  Salisbury-road,  Cardiff. 

1860.  tWebster,  John.    Edgehill,  Aberdeen. 

1834.  JWebster,  Richard,  F.R.A..S.    6  Queen  Victoria-street,  London,  E.G. 

1882.  •Webster,  Sir    Richard  Everard,  LL.D.,    Q.O.,    M.P.       Homton 

Lodge,  Homton-street,  Kensington,  London,  S.W. 
1889.  •  JVebtier,  WiUiam,  F.CS.    60  Lee  Parky  Lee,  Kent 
1884.  *Wede]dnd,  Dr.  Ludwig,   Professor  of  Mathematics  at  Karlsruhe. 

Karlsruhe. 

1889.  t Weeks,  John  G.    Bedlington. 

1890.  §Wei8s,  F.  Ernest,  B.Sc.,  F.L.S.,  Professor  of  Botany  in  Owens 

College,  Manchester. 

1886.  JWeiss,  Henry.    Westbourne-road,  Birmingham. 

1866.  JWelch,  Christopher,  M.A.  United  University  Club,  Pall  Mall 
East,  London,  S.W. 

1894.  §Weld,  Miss.    Conal  More,  Norham  Gardens,  Oxford. 

1876.  •Weldon,  W.  F.  R.,  M.A.,  F.R.S.,  Professor  of  Comparative  Ana- 
tomy and  Zcoloey  in  University  College,  London.  30a  Wim- 
pole-street,  London,  W. 

1880.  •Weldon,  Mrs.    30a  Wimpole-street,  London,  W. 

1881.  §WeUcome,  Henry    S.    First   Avenue    Hotel,    Holborn,    London. 

W.C. 
1879.  SWELLS,  Chables  a.,  A.I.E.E.    219  High-street,  Lewes. 
1881.  swells.  Rev.  Edward,  B.A.    West  Dean  Rectory,  Salisbury. 
1894.  swells,  J.  G.    Selwood  House,  Shobnall-etreet,  Burton-on-Trent. 

1883.  jWelsh,  Miss.    Girton  CoUege,  Cambridge. 

1887.  •Welton,  T.  A.    Rectory  House-mrove,  Olapham,  London,  S.W. 
1860.  JWemyss,  Alexander  Watson,  M.l).    St.  Andrews,  N.B. 

1881.  •Wenlock,  The  Right  Hon.  Lord.    8  Great  Cumberland-place,  Lon- 

don, W. ;  and  Escrick  Park,  Yorkshire. 
Wentworih,  Frederick  W.  T.  Vernon.    Wentworth  Castle,  near 

Bamsley,  Yorkshire. 
1864.  •Were,  Anthony  Berwick.    Hensingham,  Whitehaven,  Cumberland. 
1886.  SWertheimer,  Julius,  B.A.,  B.Sc.,  F.C.S.,  Professor  of  Chemistry  in 

the  Merchant  Venturers*  Technical  College,  Bristol. 
1866.  t Wesley,  William  Henry.    Rojal  Astronomical  Society,  Burlington 

House,  London,  W. 
1863.  JWest,  Alfred.    Holdemesfr-road,  Hull. 
1863.  tWest,  Leonard.    Summergangs  Cottage,  Hull. 
1863.  t  West,  Stephen.    Hesde  Orangey  near  Hull, 

1882.  •  Westlake,  Ernest,  F.G.S.    Vale  of  Health,  Hampstead,  N.W. 

1882.  IWestlake,  Richard.    Portswood,  Southampton. 

1876.  •Weston,  Sir  Joseph  D.,  M.P.  Dorset  House,  Clifton  Down, 
Bristol. 

1883.  :(W£THEBED,  Edwabd,  F.G.S.     4  St.  MargaretVterrace^  Chelten- 

ham. 

1884.  JWharton,  E.  R,  M.A.    4  Broad-street,  Oxford. 

1886.  •Whaktow,  Captain  W.  J.  L.,  R.N.,  F.R.S.,  F.R.A.S.,  F.R.G.S., 
Hydrompher  to  the  Adnairalty.  Florys,  PiinceVroad,  Wim- 
bledon Park,  Surrey. 

1888.  JWheatcroft,  WiDiam  G.     6  Widcombe-terrace,  Bath. 
1863.  JWheatley,  E.  B.    Cote  Wall,  Mirfield,  Yorkshire. 

1866.  iWheatstone,  Charles  C.     19  Park-crescent,  Regent's  Park,  London, 

N.W. 
1884.  tWheeler,  Claude  L.,  M.D.    261  West  62nd-street,  New  York  City, 

U.8.A. 
1883.  •Wheeler,  George  Brash.    Elm  Lodge,  Wickham-road,  Beckenham, 

Kent. 


Digitized  by  VjOOQIC 


106  LIST  OF  MEMBERS. 

Year  of 
Election. 

1878.  •Wheeler,  W.  II.,  M.InBt.C.E.    Boston,  Lincolnshire. 

1888.  §Whelen,  John  Leman.    Bank  House,  16  Old  Broad-street^  London, 

E.C. 
1883.  tWhelpton,  Miss  K.    Newnham  College,  Cambridge. 
1893.  •  Whbtham,  W.  0.  D.,  M.A.    Trinity  College,  Cambridge. 
1888.  *\Vhidborne,  Miss  Alice  Maria.    Charant^,  Torquay. 
1888.  •Whidbome,Mi8S  Constance  Mary.    Charant^,  Torquay. 

1879.  •Whidbobnb,  Rer.  Georob  Fbrbib,  M.A.,  F.G.S.    St.  Georges 

Vicar^e,  Battersea  Park-road,  London,  S.W. 
1874.  JWhitaker,  Henry,  M.D.    Fortwilliam  Terrace,  Bel&Bt. 

1883.  •Whitaker,  T.    Savile  Heath,  Halifax. 

1850.  •Whitakbr,  William,  B.A.,  F.R.S.,  F.G.S.  Geological  Survey 
Office,  Jermyn-street,  London,  S.W. ;  and  33  East  Park- 
terrace,  Southampton. 

1884.  ]:Whitcher,  Arthur  Henry.      Dominion    Lands   Office,  Winnipeg^ 

Canada. 

1886.  fWhitcombe,  E.  B.    Borough  Asylum,  Winson  Green,  Hrmingbam. 

1886.  tWhite,  Alderman,  J.P.  Sir  HarryWoad,  Edgbaston,  Birming- 
ham. 

1876.  JWhite,  Angus.    Easdale,  Argyllshire. 

1886.  iWhite,  A.  Silva.    47  Clanricarde-gardens,  London,  W. 
1883.  |\\liite,  Charles.    23  Alexandra-road,  Southport. 

1882.  fWTiite,  Rev.   George  Cecil,  M.A.    Nutahalling  Rectoiy,    South- 

ampton. 

1885.  •White,  J.  Martin.    Balrudder}',  near  Dundee. 

1873.  JWhite,  John.    Medina  Docks,  Cowes,  Isle  of  Wight. 
1859.  i White,  Johw  Forbes.    811  Union-street,  Aberdeen. 

1883.  JWhite,  John  Reed.    Rossall  School,  near  Fleetwood. 
1865.  JWhite,  Joseph.    Regent-street,  Nottingham. 

1884.  t White,  R.    '  Gazette'  Office,  Montreal,  Canada. 
1859.  t  White,  Thomas  Henry.    Tandragee,  Ireland. 

1877.  •White,  William.    8  Albemarle-etreet,  London,  W. 
1888.  •White,  Mrs.    8  Albemarle-street,  London,  W. 

1886.  •White,  William.    The  Ruskin  Museum,  Sheffield. 

1861.  ^Wkiteheadj  Peter  Ormerod.  99  New  Johf^-^treet  West,  Birmingham. 

1883.  ^Whitehead,  P.  J.    6  Cross-street,  Southport 

1884.  XmiiteUy.JoBepk.    Buddersfield, 

1893.  § Whiteley,  R.  Lloyd,  F.C.S.,  F.I.C.     239  Woodborough-road,  Not- 

tinprbam. 
1881.  JWhitfield,  John,  F.C.S.    113  Westborough,  Scarborough. 

1862.  JWhitla,  Valentine.    Beneden,  Belfast. 

Whitley,  Rev.  Canon  C.  T.,  M.A.,  F.R.A.S.    Bedlington  Yicange, 
Northumberland . 

1891.  SWhitmell,  Charles  Thomas,  M.A.,  B.Sc.,  F.G.S.     47  Park-place, 

Cardiff. 
1857.  •Whittt,  Rev.  John  Ibwinb,  M.A.,  D.C.L.,  LL.D.    1  Rodboume- 
villas,  Crescent-road,  Ramsgate. 

1887.  JWhitwell,  William.    Overdene,  Saltbum-by-the-Sea. 

1874.  •Whitwill,  Mark.    Redland  House,  Bristol. 

1883.  tWhitworth,  James.    88  Portland-street,  Southport 

1870.  IWhitworth,  Rev.  W.  Allen,  M.A.    7  Margaret-street,  London,  W. 

1892.  §Whyte,  Peter,  M.InstC.E.    3  Clifton-terrace,  Edinbuigh. 

1888.  I  Wickham,  Rev.  F.  D.  C.    Horsington  Rectory,  Bath. 

1865.  tWiggin,  Sir  Henry,  Bart.    MetcUey  Grange,  Harbome,  Bimung- 

ham. 
1886.  tWiggin,  Henry  A.    The  Lea,  Harbome,  Birmingham. 

1885.  X  WifffflestcortJtf  Alfred,     OordondaU  House,  Aberdeen, 


Digitized  by  VjOOQIC  ■ , 

I 


LIST  OF  MEMBERS.  107 

Yeor  of 
Electiou. 

1883.  JWigglesworth,  Mrs.    Ingleside,  "West-street,  Scarborough. 

1881.  •Wigglesworth,  Robert.    Beckwith  Knowle,  near  Harrogate. 

1878.  JWigham,  John  R.    Albany  House,  Monkstown,  Dublin. 

1883.  JWigner,  G.  W.     Plough-court,  87  Lombard-street,  London,  E.C. 

1889.  •Wilberforce,  L.  R.,  M.A.    Trinity  College,  Cambridge. 
1881.  tWiLBKRPORCE,  W.  W.    Fishergate,  York. 

1887.  JWild,  George.    Bardsley  Colliery,  Ashton-under-Lyne. 

1887.  •Wilde,  Henkt,  F.R.S.    The  Hurst,  Alderley  Edge,  Manchester. 

1887.  JWilkinson,  C.  H.    Slaithwaite,  near  Huddersfield. 

1867.  J  Wilkinson,  George.    Temple  Hill,  Killiney,  Co.  Dublin. 

1 892.  §§  Wilkinson,  Rev.  J.  Frome.  Kivington  Rectory,  Orston,  Nottingham. 

1886.  'Wilkinson,  J.  H.    Corporation-street,  Birmingham. 

1879.  t  Wilkinson,  Joseph.    York. 

1887.  •Wilkinson,  Thomas  Read.    The  Polygon,  Ardwick,  Manchester. 
1872.  JWilkinson,  William.    168  North-«treet,  Brighton. 

1890.  JWillans,  J.  W.    Kirkstall,  Leeds. 

1872.  tWiLLETT,  Hknbt,  F.G.S.    Arnold  House,  Brighton. 

1891.  t Williams,  Arthur  J.,  M.P.    Ooedymwstwr,  near  Bridgend. 

1861.  •Williams,  Charles  Theodore,  M.A.,  M.B.      2  Upper  Brook-street, 
Grosvenor-square,  London,  W. 

1887.  t Williams,  Sir  E.  Leader,  M.ln8t.C.E.    The  Oaks,  Altrincham. 
1883.  •Williams,  Edward  Starbuck.    Ty-ar-y-graig,  Swansea. 

1861.  •Williams,  Harry  Samuel,  M.A.,  F.R.A.S.    6  Heathfield,  Swansea. 
1876.  •Williams,  Rev.  Herbert  Addams.    Llangibby  Rectory,  near  New- 
port, Monmouthshire. 
1883.  tWilliams,  Rev.  H.  Alban,  M.A.    Christ  Church,  Oxford. 
1867.  t  Williams,  Rev.  James.    Llanfiuringhomwy,  Holyhead. 

1888.  {Williams,  James.    Bkdud  Villa,  EntryhiU,  Bath. 

1891.  §  Williams,  J.  A.  B.,  M.ln8t.C.E.  The  Cedars,  Llandaff-road,  Cardiff. 

1887.  fWilliams,  J.  Francis,  Ph.D.     Salem,  New  York,  U.S.A. 

L888.  •Williams,  Miss  Katherine.    Llandaff  House,  Pembroke-vale,  Clifton, 
Bristol. 

1876.  •Williams,  M.  B.    Elillav  House,  near  Swansea. 

1879.  {Williams,  Matthew  W.,  F.C.S.    26  Elizabeth-street,  Liverpool. 
1891.  t  Williams,  Morgan.    6  Park-place,  Cardiff. 
1886.  JWilliams,  Richard,  J.P.    Brunswick  House,  Wednesbury. 
1883.  IWiUiams,  R.  Price.    North  Brow,  Primrose  Hill,  London,  N.W. 
1883.  t Williams,  T.  H.    2  Chapel-walk,  South  Castle-street,  Liverpool. 

1888.  tWilliams,  W.    Cloud  House,  Stapleford,  Nottinghamshire. 

1877.  •Williams,  W.  Cakubtow,  F.C.S.    Firth  Colle^,  Sheffield. 
1883.  t  Williamson,  Miss.    Sonnybank,  Ripon,  Yorkshire. 

1860.  •WiLLiAMsoK,  Alsxandsr  WiiaLiAM,  Ph.D.,  LL.D.,  D.C.L.,  F.R.S., 

F.C.S.,  Corresponding  Member  of  the  French  Academy.    High 

Pitfold,  Haslemere. 
1867.  JWiLLiAMSON,  BKff/AMiir,  M.A.,  D.C.L.,  F.R.S.     Trinity  College, 

Dublin. 
1876.  JWilliamson,  Rev.  F.  J.    Ballantrae,  Girvan,  N.R 
1863.  t Williamson,  John.    South  Shields. 

Williamson,  William    C,  LL.D.,  F.R.S.,  Emeritus   Professor 

of  Botany  in  Owens  College,  Manchester.    48  ELma-road,  Clap* 

ham  Common,  London,  S.  W. 
1882.  :(Willmore,  Charles.    Queen  wood  College,  near  Stockbridge,  Hants. 
1869.  •Wills,  The  Hon.  Sir  Alfred.    Chelsea  Lodge,  Tite-street,  London, 

S.W. 
1886.  twills,  A.  ^V.    Wylde  Green,  Erdington,  Birmingham. 
]8«6.  t  Wilson,  Alexander  B.    Holy  wood,  Belfast. 
1886.  I  Wilson,  Alexander  H.    2  Albyn-place,  Aberdeen. 

Digitized  by  VjOOQIC 


108  LIST  OF  MEMBERS. 

Year  of 

Election. 

1878.  JWilwn,  Professor  Alexander  S.,  M.A.,  B.Sc.    Free  Church  Manee, 

North  Queenaferpy. 

1870.  t Wilson,  Dr.  Andrew.     118  Gilmore-place,  Edinburgh. 

1894.  •Wilson,  Charles  J.,  F.I.C.,  F.C.S.  19  Little  Queen-street,  West- 
minster, S.W. 

1874.  JWiuBON,  Colonel  Sir  C.  W.,  R.E.,  K.O.B.,  K.C.M.G.,  D.C.L., 
F.R.S.,  F.R.G.S.    The  Athenseum  Club,  London,  S.W. 

1876.  JWilson,  David.     124  Bothwell-street,  Glasgow. 

1890.  {Wilson,  Edmund.    Denison  Hall,  Leeds. 

1863.  t  Wilson,  Frederic  R     Alnwick,  Northumberland. 

1847.  •Wilson,  Frederick.    99  Albanv-street,  RegentVpark,  London,  N.W. 

1876.  JWiLSON,  Gborgb  Fbbgusson,  i'.R.S.,  F.C.S.,  F.L.S.  Ueatherbank, 
Weybridge  Heath,  Surrey. 

1874.  •Wilson,  George  Orr.    Dunardagh,  Blackrock,  Co.  Dublin. 

1863.  t Wilson,  George  W.    Heron  Hill,  Hawick,  N.B. 

1888.  •Wilson,  Henry,  M.A.    Famborough  Lodge,  R.S.O.,  Kent. 

1879.  t  Wilson,  Henry  J.    266  Pitsmoor-road,  Sheffield. 

1886.  t  Wilson,  J.  Dove,  LL.D.     17  Rubislaw-terrace,  Aberdeen. 

1886.  JWilson,  J.  E.  B.     Woodslee,  Wimbledon,  Surrey. 
1890.  t Wilson,  J.  Mitchell,  M.D.     61  Hall  Gate,  Doncaster. 

1866.  JWiLSON,  Ven.  James  M.,  M.A.,  F.G.S.    The  Vicarage,  Rochdale. 
1884.  t  Wilson,  James  S.  Grant.    Geological  Survey  Office,  Sheritt'  Court- 

buildings,  Edinburgh. 
1879.  JWilson,  John  Wycliffe.    Eastbourne,  East  Bank-road,  Sheffield. 
1894.  §Wilson,  Rev.  R.  J.,  M.A.,  Warden  of  Keble  College.  Oxford. 
Oxford. 

1876.  JWilson,  R.  W.  R.    St.  Stephen*s  Club,  Westminster,  S.W. 
1847.  *  Wilson,  Rev.  Sunmer.    Preston  Candover  Vicarage,  Basingstoke. 
1883.  JWilsoD,  T.    Rivers  Lodge,  Harpenden,  Hertfordshire. 

1892.  §  Wilson,  T.   Stacey,  MTD.      VVyddrington,  Edgbaston,    Birming- 

ham. 
1861.  JWilson,  Thos.  Bright.    4  Hope  View,  Fallowfield,  Manchester. 

1887.  §  Wilson,  W.,  jun.    Hillock,  Terpersie,  by  Alford,  Aberdeenshire. 

1871.  •Wilson,  William  E.    Daramona,  Streete,  Rathowen,  Ireland. 

1861.  •WiLTSHiEE,  Rev.  Thomas,  M.A.,  F.G.S.,  F.L.S.,F.RA.S.,  Pro- 
fessor of  Geology  and  Mineralogy  in  King's  College,  London. 
26  Granville-park,  Lewisham,  London,  S.E. 

1877.  tWindeatt,  T.  W.    Dart  View,  Totnes. 

1886.§SWiiffDU8,  Bertram  C.  A.,  M.A.,  M.D.,  D.Sc.,  Professor  of  Ana- 
tomy in  Mason  College,  Birmingham. 

1887.  JWindsor,  William  Tesamond.    Sandiway,  Ashton-on-Mersey. 

1893.  'Winter,  G.  K.,  M.InstC.E.,  F.R.A.S.    Arkonam,  Madras,  India. 
1863.  •WiNwooD,  Rev.    H.  H.,  M.A.,  F.G.S.     11  Cavendiah-crescent, 

Bath. 

1894.  §Witley,  Arthur.    37  Acton-lane,  Harlesden,  London,  N.W. 

1888.  JWoDEHOUsB,  E.  R.,  M.P.     66  Chester-square,  London,  S.W. 

1883.  tWolfenden,  Samuel.    Cowley  Hill,  St.  Helens,  Lancashire. 

1884.  tWomack,  Frederick,  Lecturer  on  Physics  and  Applied  Mathematics 

at  St.  Bartholomew's  Hospital.  68  Abbey-road, London,  N.W. 
1881.  'Wood,  Alfred  John.    6  Cambridge-gardens,  Richmond,  Surrey. 
1883.  §Wood,  Mrs.  A.  J.    6  Cambridge-gardens,  Richmond,  Surrey. " 
1868.  'Wood,  Collingwood  L.    Freeland,  Forgandenny,  N.B. 
1861.  •  Wood,  Edward  T.    Blackhurst,  Brinscall,  Chorley,  Lancashire. 
1883.  tWood,  Miss  Emily  F.    Egerton  Lodge,  near  Bolton,  Lancashire. 
1876.  'Wood,  George  William  Rayner.    Singleton,  Manchester. 

1878.  JWooD,  Sir  H.  Trubman,'  M.A.     Society   of  Arts,  John-atrcet, 

Adelphi,  London,  W.C. 


Digitized  by  VjOOQIC 


LIST  OF  MEMBERS.  109 

Tear  of 
Election. 

1883.  •Wood,  Jaiosb,  LL.D.    Grove  House,  Scarisbrick-fftreet,  Soutbport. 
1881.S§Wood,   John,   B.A.      Wharfedale   Oollejfe,    Boston    Spa,    York- 
shire. 
1883.  •Wood,  J.  H.    Woodbine  Lodge,  Scarisbrick  New-road,  Southport. 

1886.  t^ood,  jRev,  Joseph,     Carpenter-road,  Birminffham. 

1803.§S  Wood,  Joseph  T.  29  MusterWoad,  W^est  Bridgefoid,  Nottingham- 
shire. 

1883.  JWood,  Mrs.  Mary.    Care  of  E.  P.  Sherwood,  Esq.,  Holmes  Villa, 

Rotherham. 
1864.  tWood,  Richard,  M.D.    Driffield,  Yorkshire. 
1800.  'Wood,  Robert  H.,  M.Inst.C.E.     15  Bainbrigge-road,  Headingley, 

IjOeds. 

1871 .  J  Wood,  Provost  T.    Baileyfield,  Portobello,  Edinburgh. 
1850.  tWood,  Rev.  W^alter.    Elie,  Fife. 

1872.  tWood,  William  Robert.    Carlisle  House,  Briprhton. 
•Wood,  Rev.  William  Spicer,  M.A.,  D.D.    Higham,  Rochester. 

1863.  •WooDALL,  John  Woodall,  M.A.,  F.G.S.  St.  Nicholas  House, 
Scarborough. 

1884.  JWoodbury,  C.  J.  H.    81  Milk-street,  Boston,  U.S.A. 

1883.  JWoodcock,  Herbert  S.    The  Elms,  Wigan. 

1884.  t Woodcock,  T.,M. A.    160  Cromwell-road,  London,  8. W. 
1884.  J Woodd,  Arthur  B.    Woodlands,  Hampstead,  London,  N. W. 

1888.  •Woodiwiss,  Mrs.  Alfred.    Belair,  Trafalgar-road,  Birkdale,  South- 
port. 
1872.  JWooaman,  James.    20  Albany-villas,  Hove,  Sussex. 

•Woods,   Edward,  M.Inst.C.E.      8  Victoria-street,  Westminster, 
London,  S.W. 

1883.  t Woods,  Dr.  G.  A.,  F.R.S.E.,F.R.M.S.     16  Adelaide-street,  Lea- 

mington. 
"Woods,  Samtjel.    1  Drapers'-gardens,  Throgmorton-street,  London. 
EC 
1888.  tWoodthorpe,  Colonel.    Messrs.  King  &  Co.,  46  Pall  Mall,  Lon- 
don, S.W. 

1887.  •WooDWABD,  Abthxtb  Smith,  F.L.S.,  F.G.S.,  Assistant  Keeper  of 

the  Department  of  Geology,  British  Museum  (Natural  History), 
Cromwell-road,  London,  S.W. 

1869.  •W^ooDWARD,  C.  J.,  B.Sc    97  Harbome-road,  Birmingham. 

1886.  JWoodward,  Harry  Page,  F.G.S.  129  Beaufort-street,  London^ 
S.W. 

1860.  {Woodward,  Henry,  LL.D.,  F.R.S.,  F.G.S.,  Keeper  of  the  Depart- 
ment  of  Geologv,  British  Museum  (Natural  History),  Cromwell- 
road,  London,  S.W. 

1870.  {Woodward,  HoracbB., F.G.S.  Geological  Museum,  Jermyn-street 

London,  S.W. 

1884.  •  Woolcock,  Henry.    Rickerbv  House,  St,  Bees. 

1890.  §  WooUcombe,  Robert  Lloyd,  M.A.,  LL.D.,  F.LInst.,  F.S.S.,  M.R.L  A., 
F.R.S. A.  (Ireland).    1 4  Waterloo- road,  Dublin. 

1877.  JWoollcombe,  Surgeon-Major  Robert  W.     14  Acre-place,  Stoke, 

Devonport. 
1883.  •Woolley,  George  Stephen.    Victoria  Bridge,  Manchester. 
1866.  JWooUey,  Thomas  Smith,  jun.    South  Collingham,  Newark. 
1874.  tW'orkman,  Charles.    Ceara,  Windsor,  Belfast. 

1878.  jWormell,  Richard,  M.A.,  D.Sc.      Roydon,  near  Ware,  Hertford- 

shire. 
1863.  •W^orsley,  Philip  J.    Rodney  Lodge,  Clifton,  Bristol. 
1866.  *WorthiDgton,  Rev.  Alfred  William,  B.A.    Stourbridge,  Worcester- 
shire. 


Digitized  by  VjOOQIC 


110  UST  OF  MEMBERS. 

Year  of 
Election. 

WorthingtoD,  James.    Sale  Hall,  Ashton-on-Mersey. 
1856.  JWorthy,    George    S.     2   Arlington-terrace,    Mornington-creacent, 

Ham]^tead-road,  London,  N.W. 
1884.  jWragge,  Edmund.     109  Wellesley-etreet,  Toronto,  Canada. 
1879   tWrentmore,  Francis.    34  Holland  Villas-road,  Kensington,  London, 

S.W. 
1883.  •Wright,  Rev.  Arthur,  M.A.     Queen's  College,  Cambridge. 

1883.  •Wright,  Rev.  Benjamin,  M.A.    Sandon  Rectory,  Chelmsford. 
1890.  JW^right,  Dr.  0.  J.    Virginia-road,  Leeds. 

1867.  JWright,  E.  Pbrceval,  M.A.,  M.D.,  F.L.S.,  M.R.IA.,  Professor 
of  Botany  and  Director  of  the  Museum,  Dublin  University. 
5  Trinity  College,  Dublin. 

1880.  jWright,  Frederick  William.    4  Full-street,  Derby. 

1884.  J  Wright,  Harrison.    Wilkes'  Barr^,  Pennsylvania,  U.S.A. 
1876.  jWright,  James.     114  John-atreet,  Glasgow. 

1865.  JWright,  J.  S.    168  Brearley-street  West,  Birminjrham. 

1884.  JWright,  Professor  R.  Ramsay,  M.A.,  B.Sc.     Univereity  College, 

Toronto,  Canada. 

1831.    Wright,  T.  G.,  M.D.    91  Northgate,  Wakefield. 

1876.  JWright,  William.    31  Queen  Mary-evenue,  Glasgow. 

1871.  JWEiQiciBOir,  Thomas,  M.P.,  M-InstCE.,  F.G.S.  Norton  Hall, 
Stockton-on-Tees. 

1887  JWrigley,  Rev.  Dr.,  M.A.,  M.D.,  F.R.A.S.  16  Gauden-road,  L«)n- 
don,  S.W. 

1876.  JWiJNSCH,  Edward  Alfred,  F.G.S.  Carharrack,  Scorrier,  Corn- 
wall. 

1892.  JTTyW,  Norman,     Univerniy  Hall,  Edinburgh. 

1883.  IWyllie,  Andrew.     1  Leicester-street,  South  port. 

1885.  jWyness,  James  1).,  M.D.    349  Union-street,  Aberdeen. 
1871.  jWynn,  Mrs.  Williams.    Cefn,  St.  Asaph. 

1862.  JWtwnb,  Arthur  Bkbvor,  F.G.S.  Geological  Survey  Office,  14 
Hume-street,  Dublin. 

1876.  JYabbicom,  Thomas  Henry.    37  WTiite  Ladies-road,  Clifton,  BristoL 

•Yarborough,  George  Cook.    Camp's  Mount,  Doncaster. 
1894.  •Yarrow,  A.  F.    Poplar,  London,  E. 
1865.  XYates,  Edwin,     Stonchtry,  Edgbaston,  Birmingham, 
1833.  §Yate8,  James.    Public  Library,  Leeds. 
1867.  JYeaman,  James.    Dundee. 
1887.  J  Yeats,  Dr.    Chepstow. 

1884.  J Yee,  Funj?.    Care  of  R.  E.  C.  Fittock,  Esq.,  Shanghai,  China. 
1877!  jYouge,  Rev.  Duke.    Puslinch,  Yealmpton,  Devon. 

1891.  jYorath,  Alderman  T.  V.    Cardiff. 

1884.  jYork,  Frederick.    87  Lancaster-road,  Notting  Hill,  London,  \V. 
1891.  SYoung,  Alfred  C,  F.C.S.    64  Tyrwhitt-road,  St.  John's,  London, 
S.E. 

1886.  •Young,  A.  H.,  M.B.,  F.R.C.S.,  Professor  of  Anatomy  in  Owens 

College,  Manchester. 
1894.  •Young,  George,  Ph.D.    Firth  College,  Sheffield. 
1884   lYoung,  Sir  Frederick,   K.C.M.G.    6  Queensberry-place,   London, 
S.W. 

1884.  J  Young,   Professor  George   Paxton.      321    Bloor-street,    Toronto, 

Canada. 
1876.  jYoxTKO,  John,  M.D.,  Professor  of  Natural  History  in  the  Univerdty 
of  Glasgow.    38  Cecil-street,  Hillhead,  Glasgow. 

1885.  JYoung,  RTBruce.    8  Ci own-gardens,  Dowanhill,  Glasgow. 

Digitized  by  VjOOQIC 


] 


LIST  OF  MEMBERS.  Ill 

YcaroC 
Blcctiou. 

1886,  SYoung,  R  Fisher.    New  Bamet,  Herts. 

1883.  •YoTOG,  Stdnbt,  D.Sc.,  F.R.S.,  F.C.S.,  Professor  of  Chemistry  in 
TJniyersity  College,  Bristol. 

1887.  JYoung,  Sydney.    29  Mark-lane,  London,  E.C. 

1890.  tYoung,  T.  Graham,  F.RS.E.    Westfield,  West  Calder,  Scotland. 
1868.  JYoungs,  John.    Richmond  Hill,  Norwich. 

1886.  JZair,  George.    Arden  Grange,  Solihull,  Birmingham. 
1886.  XZviir,  John.    Merle  Lodge,  Moseley,  Birmingham. 


Digitized  by  VjOOQIC 


112  COKRESPONDIXa  MEMBERS. 


CORRESPONDING  MEMBERS. 


Tear  of 
Election. 

1887.  Professor  Cleveland  Abbe.    Weather  Bureau,  Department  of  Agri- 
culture, Washington^  United  States. 
1892.  Svante  Arrhenius.    The  Univerdt^,  Stockholm. 
1881.  Professor  G.  F.  Barker.      University  of  Pennsylvania,  Philadelphia, 

United  States. 
1887.  Professor  A.  Bemthseo,  Ph.p.    Mannheim,  L  7,  6a,  Germany. 

1892.  Professor  M.  Bertrand.    L'Ecole  des  Mines,  Paris. 

1893.  Professor  Christian  Bohr.    62  Bredgade,  Copenhagen. 
1880.  Professor  Ludwig  Boltzmann.    Miinchen. 

1887.  His  Excellency  K.  Bonghi.    Rome. 

1887.  Professor  Lewis  Boss.     Dudley  Observatory,  Albany,  New  York, 

United  States. 
1884.  Professor  H.  P.  Bowditch,  M.D.     Boston,  Massachusetts,  United 

States. 
1800.  Professor  Brentano.    Maximilian-platz,  Miinchen. 

1893.  Professor  W.  0.  Brogger.    Christiania. 
1887.  Professor  J.  W.  Bruhl.    Heidelberg. 

1884.  Professor  George  J.  Brush.     Yale  College,  New  Haven,  United 

States. 
1887.  Professor  G,  Capellini.    Royal  University  of  Bologna. 
1887.  Professor  J.  B.  Camoy.    Louvain. 
1887.  Dr.  H.  Caro.    Mannheim. 

1861.  Dr.  Cams.    Leipzig. 

1887.  F.   W.  Clarke.     United   States  Geological   Survey,  Washington, 

United  States. 
1866.  Professor  Dr.  Ferdinand  Cohn.    The  University,  Breslau,  Prussia. 

1873.  Professor  Guido  Cora.    74  Corso  Vittorio  Emanuele,  Turin. 
1880.  Professor  Comu.    L'ficole  Polytechnique,  Paris. 

1870.  J.  M.  Crafts,  M.D.    Uficole  des  Mines,  Paris. 
1876.  Professor  Luigi  Cremona.    The  University,  Rome. 

1889.  W.  H.  Dall.    United  States  Geological  Survey,  Washmgton,  United 

States. 

1862.  Wilhelm  Delffe,  Professor  of  Chemistry  in  the  University  of  Hadel- 

berg. 
1864.  M.  Des  Cloizeauz.    Rue  Monsieur,  13,  Paris. 
1872.  Professor  G.  Dewalque.    Li^ge,  Belgium. 
1870.  Dr.  Anton  Dohm.    Naples. 

1890.  Professor  V.  Dwelshauvers-Dery.    Li^ge,  Belgium. 

1894.  Professor  W.  Einthoven.     Leiden. 

1892.  ProftfPSor  F.  Elfving.    Helsingfors,  Finknd. 

1876.  Prof  iFsor  Alberto  Eccher.    Florence. 

1892.  Professor  L^o  Errera.    The  University,  Brussels. 

1874.  Dr.  W.  Feddersen.    Leipzig. 
1886.  Dr.  Otto  Finsch.    Bremen. 


Digitized  by  VjOOQIC 


CORRESPONDING  MEMBERS.  113 

Tear  of 
Bleotion. 

1887.  Professor  R.  Fittig.    Strasburg. 
1872.  W.  cle  Fonvielle.    60  Rue  dea  Abliesses,  Paris. 
1887.  Professor  Dr.  Anton  Fritsch.    The  University,  Prague. 
1892.  Professor  Dr.  Qustay  Fritsch.    The  University,  Berlin. 
1881.  Professor  C.  M.  Qariel,  S-^cretary  of  the  French  Association  for  the 
Advancement  of  Science.     39  Rue  Jouffroy,  Paris. 

1866.  Dr.  Gaudry.    Paris. 

1861.  Dr.  Geinitz,  Professor  of  Mineralogy  and  Geolog-v.    Dresden. 

1884.  Professor  J.  Willard  Gibbs.   Yale  College,  New  Haven,  United  States. 

1884.  Professor  Wolcott  Gibbs.  Harvard  University,  Cambridge,  Massa- 
chusetts, United  States. 

1 889.  G.  K.  Gilbert.  United  States  Geological  Survey,  Washington,  United 
States. 

1892.  Daniel  C.  Oilman.  Johns  Hopkins  University,  Baltimore,  United 
States. 

1870.  William  Gilpin.    Denver,  Colorado,  United  States. 

1889.  Professor  Gustave  Gilson.     Louvain. 

1889.  A.  Gobert.     222  Chauss^e  de  Charleroi,  Brussels. 

1876.  Dr.  BCTJamin  A.  Gould.     Cambridge,  Massachusetts,  United  States. 

1884.  General  A.  W.  Greely.    Washington,  United  States. 

1892.  Dr.  C.  E.  Guillaume.    Bureau  International  des  Poids  et  Mesures, 

Pavilion  de  Breteuil,  S6vres. 

1862.  Dr.  D.  Bierens  de  Haan,  Member  of  the  Royal  Academy  of  Sciences, 

Amsterdam.    Leiden,  Holland. 
1876.  Professor  Ernst  Haeckel.    Jena. 
1889.  Horatio  Hale.    Clinton,  Ontario,  Canada. 
1881.  Dr.  Edwin  H.  Hall.    Baltimore,  United  States. 

1872.  Professor  James  Hall.    Albany,  State  of  New  York. 
1889.  Dr.  Max  von  Hantken.    Budapesth. 

1887.  Fr.  von  Hefiier-Alteneck.    Berlin. 

1893.  Professor  Paul  Heger.    The  University,  Brussels. 
1893.  Professor  Richard  Hertwig.    Munich. 

1887.  Professor  W.  His.     Leipzig. 

1893.  Professor  Hildebrand.     Stockholm. 

1887.  S.  Dana  Horton.     New  York. 

1881.  Professor  A.  A.  W.  Hubrecht,  LL.D.,  O.M.Z.S.     Utrecht. 

1887.  Dr.  Oliver  W.  Huntington.  Harvard  University,  Cambridge,  Massa- 
chusetts, United  States. 

1884.  Professor  C.  Loring  Jackson.  Harvard  University,  Cambridge,  Mas- 
sachusetts, United  States. 

1867.  Dr.  J.  Janssen,  LL.D.    The  Observatory,  Meudon,  Seine-et-Oiae. 
1876.  Dr.  W.  J.  Janssen.     Villa  Frisia,  Aroza,  Graubiinden,  Switzerland. 
1881.  W.  Woolsey  Johnson,  Professor  of  Mathematics  in  the  United  States 

Naval  Academy.    Annapolis,  United  States. 
1887.  Professor  C.  Julin.    Li^ge. 

1876.  Dr.  Giuseppe  Jung.    7  Via  Principe  Umberto,  Milan. 

1877.  M.  Akin  KAroly.  '  92  Rue  Richelieu,  Paris. 
1862.  Aug.  Kekul^,  Professor  of  Chemistry.    Bonn. 

1884.  Professor  Dairoku  Eikuchi,  M. A.    Imperial  University,  Tokio,  Japan. 

1873.  Dr.  Felix  Klein.    The  University,  Leipzig. 

1874.  Professor  Dr.  Knoblauch.    The  University,  Halle,  Germany. 
1856.  Professor  A.  Kolliker.    Wurzburg,  Bavana. 

1887.  Professor  Dr.  Arthur  Konig.  Physiolo^cal  Institute,  The  Uni- 
versity, Berlin. 

1887.  Professor  Krause.    31  Brueckenallee,  Berlin. 

1877.  Dr.  Hugo  Kronecker,  Professor  of  Physiology.  The  University,  Bern, 
Switzerland. 


1894. 


Digitized  by 


Google 


114  CORRESPONDING   MEMBERS. 

T6arof 

Election. 

1887.  Lieutenant  R.  Kund.    German  African  Society,  Berlin. 
1887.  Professor  A.  Ladenburg.    Breslau. 

1887.  Professor  J.  W.  Langley.    847J  Fairmount-etreet,  Cleveland,  Ohio, 
United  States. 

1882.  Dr.  S.  P.  Langley,  D.C.L.,  Secretary  of  the  Smithsonian  Institution. 

Washington,  United  States. 
1887.  Professor  Count  Solms  Laubach.     Strasburg. 
1887.  Dr.  Leeds,  Professor  of  Chemistry  at  the  Stevens  Institute,  Hoboken, 

New  Jersey,  United  States. 
1872.  M.  Georges  Lemoine.    76  Rue  d'Assas,  Paris. 
1887.  Professor  A.  Lieben.    Vienna. 

1883.  Dr.  F.  Lindemann.    40  Georgenstrasse,  Munich. 

1877.  Dr.  M.  Lindemann,  Hon.  Sec.  of  the  Bremen  Geographical  Society. 

Bremen. 
1887.  Professor  Dr.  Qeorg  Lunge.    The  University,  Zurich. 
1871.  Professor  Jacob  Liiroth.    The  University,  Freiburg,  Germany. 
1871.  Dr.  Liitken.    Copenhagen. 

1887.  Dr.  Henry  C.  McOook.    Philadelphia,  United  States. 
1867.  Professor  Mannhdm.    Rue  de  la  JPompe,  11,  Passy,  Paris. 
1881.  Professor  O.  C.  Marsh.    Yale  College,  New  Haven,  United  Statee. 
1887.  Dr.  C.  A.  Martins.    Berlin. 
1890.  Professor  E.  Mascart,  Membre  de  Tlnstitut.    176  Rue  de  rUnivermttf , 

Paris. 
1887.  Professor  D.  Mendel^eff,  D.C.L.    St.  Petersburg. 
1887.  Professor  N.  Menschutkin.    St.  Petersburg. 
1887.  Professor  Lothar  Meyer.    Tubingen. 

1884.  Albert  A.  Michelson.    Cleveland,  Ohio,  United  States. 
1848.  Professor  J.  Milne-Edwards.    Paris. 

1887.  Dr.  Charles  Sedgwick  Minot.    Boston,  Massachusetts,  United  States. 
1893.  Professor  H.  Moissan.    Paris. 

1877.  Professor  V.  L.  Moissenet.    L'Ecole  des  Mines,  Paris. 
1864.  Dr.  Arnold  Moritz.    The  University,  Dorpat,  Rusda. 

1887.  E.  S.  Morse.    Peabody  Academy  of  Science,  Salem,  Massachusetts, 
United  States. 

1889.  Dr.  F.  Nansen.    Christiania. 

1864.  Herr  Neumayer.    Deutsche  Seewarte,  Hamburg. 

1884.  Professor  Simon  Newcomb.    Washington,  United  States. 

1869.  Professor  H.  A.  Newton.    Yale  College,  New  Haven,  United  States. 
1887.  Professor  Noelting.    Miihlhausen,  Elsass. 

1890.  Professor  W.  Ostwald.    LeiMig. 

1889.  Professor  A.  S.  Packard.     Brown  University,  Providence,  Rhode 

Island,  United  States. 

1890.  Maffeo  Pantaleoni,  Director  of  the  Royal  Superior  School  of  Com- 

merce.   Bari,  Italy. 
1887.  Dr.  Pauli.    H6chst-on-Main,  Germany. 
1890.  Professor  Otto  Pettersson.    Stockholm. 

1870.  Professor  Felix  Plateau.    162  Chauss^e  de  Courtrai,  Gand. 

1884.  Major  J.  W.  Powell,  Director  of  the   Geological  Survey  ot   the 

United  States.    Washington,  United  States. 
1887.  Professor  W.  Preyer.    The  University,  Berlin. 

1886.  Professor  Putnam,  Secretary  of  the  American  Association  for  the 

Advancement  of  Science.     Harvard   University,  Cambridge, 
Massachusetts,  United  States. 

1887.  Professor  G.  Quincke.    Heidelberg. 

1868.  L.  Radlkofer,  Professor  of  Botany  in  the  University  of  Munich. 
1886.  Rev.  A.  Renard.    Royal  Museum,  Brussels. 

1878.  Professor  Baron  von  Richthofen.    Eurfiirstenstrasse,  117,  Berlin. 


Digitized  by  VjOOQIC 


CORRESPONDmO  MEMBERS.  116 

Tear  of 
Eleotion. 

1887.  Dp.  C.  V.  ROey.    Washington,  United  States. 

1892.  Professor  Rosenthal,  M.D.    Erlangen,  Bayaria. 

1890.  A.  Lawrence  Rotch.    Boston,  Massachusetts,  United  States. 

1881.  Professor  Henry  A.  Rowland.    Baltimore,  United  States. 

1887.  M,  le  Marquis  de  Saporta.    Aix-en-Provence,  Bouches  du  Rh6n6. 

1883.  Dr.  Ernst  Schroder.    Karlsruhe,  Baden. 
1874.  Dr.  G.  Schweinfurth.    Cairo. 

1846.  Baron  de  Selys-Longchamps.    li^ge,  Belgium. 

1873.  Dr.  A.  Shaferik.    Prague. 

1876.  Professor  R.  D.  Silva.    L'ficole  Oentrale,  Paris. 
1892.  Dr.  Maurits  Snellen,  Chief  Director  of  the  Royal  Meteorological 
Institute  of  the  Netherlands.    Utrecht. 

1887.  Ernest  Solvay.    Brussels. 

1888.  Dr.  Alfred  Springer.    Cincinnati,  Ohio,  United  States. 
1866.  Professor  Steenstrup.    Copenhagen. 

1889.  Professor  G.  Stefanescu.    JBucharest. 

1881.  Dr.  Cyparissos  Stephanos.    The  University,  Athens. 

1881.  Professor  Dr.  Rudolf  Sturm.    The  University,  Breslau. 

1870.  Professor  Tchehichef,  Memhre  de  TAcad^mie  de  St.  P^tershourg. 

1884.  Professor  Robert  H.  Thurston.    Sibley  College,  Cornell  University, 

Ithaca,  New  York,  United  States. 

1864.  Dr.  Otto  Torell,  Professor  of  Geology  in  the  University  of  Lund, 
Sweden. 

1887.  Dr.  T.  M.  Treub.    Java. 

1887.  Professor  John  Trowbridge.    Harvard  University,  Cambridge,  Massa- 
chusetts, United  States. 
Arminius  Vamb^ry,  Professor  of  Oriental  Languages  in  the  University 
of  Pesth,  Hungary. 

1890.  Professor  J.  H.  Van't  Hoff.    Amsterdam. 

1889.  Wladimir  Vernadsky.     Mineralogical  Museum,  Moscow. 

1887.  Prof essor  John  VUanova,    Madrid. 

1886.  M.  Jules  Vuylsteke.    80  Rue  de  Lille,  Menin,  Belgium. 
1^87.  Profftpsor  H.  F.  Weber.    Zurich. 

1887.  Professor  L.  Weber.    Kiel. 

1887.  Professor  August  Weismann.     Freiburg-im-Breiegau. 

1887.  Dr.  H.  C.  White.    Athens,  Georgia,  United  States. 

1881.  Professor  H.  M.  Whitney.      Beloit  College,    Wisconsin,    United 

States. 
1887.  Professor  E.  Wiedemann.    Erlangen.     [C/o  T.  A.  Barth,  Johannis- 

gasse,  Leipzig.] 

1874.  Professor  G.  Wiedemann.    Leip^. 

1887.  Professor  R.  Wiedersheim.    Freiburg-im-Baden. 

1887.  Professor  J.  Wislicenus.    Leipzig. 

1887.  Dr.  Otto  N.  Witt.    33  Lindenall^,  Westend-Charlottenburg,  Berlin, 

1876.  Professor  Adolph  WiiUner.    Aix-la-Chapelle. 

1887.  Professor  C.  A.  Young.    Princeton  College,  United  States. 

1887.  Professor  F.  Zirkel.    Leipzig. 


Digitized  by  VjOOQIC 


116 


LIST   OF  SOCIETIES   AND   PUBLIC   INSTITUTIONS 

TO   WHICH  A   COPY   OF   THE   REPORT  IS   PRESENTED. 


GllEAT  BWTAIN  AND  IRELAND. 


Admiralty,  Library  of  the. 

Autliropological  Inistitute. 

Arts,  Society  of. 

Asiatic  Society  (Royal). 

Astronomical  Society  (Royal). 

Belfast,  Queen's  College. 

Birmingham,  Midland  Institute. 

Brighton  Public  Library. 

Bristol  Naturalists'  Society, 

Cambridge  Philosophical  Society. 

Cardiff,  University  College  of  South 
Wales. 

Chemical  Society. 

Civil  Engineers,  Institution  of. 

Cornwall,  Royal  Geological  So- 
ciety of. 

Dublin,  Geological  Survey  of  Ireland. 

,  Royal  College  of  Surgeons  in 

Ireland. 

,  Royal    Geological    Society   of 

Ireland. 

,  Royal  Irish  Academy. 

,  Royal  Society  of. 

Dundee,  University  College. 

East  India  Library. 

Edinburgh,  Royal  Society  of. 

,  Royal  Medical  Society  of. 

,  Scottish  Society  of  Arts. 

Exeter,  Albert  Memorial  Museum. 

Ghiographical  Society  (Royal). 

Geological  Society. 

Geology,  Museum  of  Practical. 

Glasgow  Philosophical  Society. 

,  Institution  of  Engineers  and  Ship- 
builders in  Scotland. 

Greenwich,  Royal  Observatory. 

Kew  Observatory. 

Leeds,  Mechanics'  Institute. 


Leeds,  Philosophical  and  Liteiary  So- 
ciety of. 

Linnean  Society. 

Liverpool,  Free  Public  libiaiy  and 
Museum. 

,  Royal  Institution. 

London  Institution. 

Manchester  Literary  and  Philosophical 
Society. 

,  Mechanics'  Institute. 

Mechanical  Engineers,  Institution  of. 

Meteorological  Office. 

Meteorological  Society  (Royal)* 

Newcastle-upon-Tyne,  Literary  and 
Philosophical  Society. 

,  Public  Library. 

Norwich,  The  Free  Library. 

Nottingham,  The  Free  Library. 

Oxford,  Ashmolean  Society. 

,  Radcliffe  Observatory. 

Plymouth  Institution. 

Royal  College  of  Physicians. 

Royal  College  of  Surgeons. 

Royal  Engineers'  Institute,  Chatham. 

Royal  Institution. 

Royal  Society. 

Royal  Statistical  Society. 

Salford,  Royal  Museum  and  Library. 

Sheffield,  Firth  College. 

Southampton,  Hartley  Institution. 

Stonyhurst  College  Observatory. 

Swansea,  Royal  Institution  of  South 
Wales 

United  Service  Institution. 

University  College. 

War  Office,  Library  of  the. 

Yorkshire  Philosophical  Society. 

Zoological  Society. 
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EUROPE. 


Berlin Die  Kaiserliche  Aka- 

demie  der  Wifisen- 
schaften. 

Bonn    University  Library. 

BrusselB  Royal    Academy    of 

Sciences. 

Oharkow Uniyersity  Library. 

Coimbra  Meteorological      Ob- 

seryatory. 

Copenhagen    ...Rcmd      Society     of 
Sciences. 

Dorpat,  Russia.. .Uniyersity  Library. 

Dresden   Royal  Museum. 

Frankfort    Natural  History    So- 
ciety. 

Geneya Natural  History  So- 
ciety. 

Qottingen    Uniyersity  Library. 

Gratz   Naturwissenscbaft- 

licber  Verein. 

Halle    Leopoldinisch-Caro- 

linische  Akademie. 

Harlem    Soci^t^     Hollandaise 

des  Sciences. 

Heidelberg Uniyersity  Library. 

Helaingfors Uniyersity  Library. 

Easan,  Russia  ...University  Library. 

Kiel Royal  Obeeryatory. 

Kiey Umyersity  Library. 

Lausanne The  CJniversitr. 

Leyden    University  Library. 

Lid^e   University  Library. 

LLsbon Academia    Real   des 

Sciences. 


Milan   The  Institute. 

Modena    Royal  Academy. 

Moscow  Society  of  Naturalists. 

Umyersity  Library. 

Munich    University  Library. 

Naples Royal    Academy    of 

Sciences. 

Nicolaieff. Uniyersity  Library. 

Paris   Association  Fran^ai^e 

pour  I'Avancement 
des  Sciences. 

Geographical  Society. 

Geological  Society. 

Royal    Academy     oi 

Sciences. 

School  of  Mines. 

Pultova  Lnperial  Observatory. 

Rome  AccademiadeiLincei. 

OoUegio  Romano. 

Italian    Geographical 

Society. 

Italian     Society     ol 

Sciences. 
St.  Petersburg  .  Uniyersity  Library. 

...Imperial  Observatory. 

Stockholm  Royal  Academy. 

Turin   Royal     Academy    of 

Sciences. 

Utrecht   University  Library. 

Vienna ...The  Imperial  Library. 

Central    Anstalt   fur 

Meteorologie      und 
Erdmagnetismus. 
Zurich General  Swiss  Society. 


ASIA. 


Agra    The  College. 

Bombay  Elphinstone  Institu- 
tion. 

Grant  Medical  Col- 
lege. 

Calcutta  Asiatic  Society. 


Calcutta Presidency  College. 

Hooghly  College. 

Medical  College. 

(Jeylon The  Museum,GDlombo. 

Madras The  Observatory. 

Uniyersity  Library. 


AFRICA. 
Cape  of  Good  Hope  .    .    •  The  Royal  Observatory. 
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